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Pre face  

I n t e r e s t  i n  water  resou rces  systems has  been 
a c r i t i c a l  p a r t  o f  r e s o u r c e s  and environment re- 
l a t e d  r e s e a r c h  a t  IIASA s i n c e  i t s  i n c e p t i o n .  A s  
demands f o r  water  i n c r e a s e  r e l a t i v e . t o  supp ly ,  
t h e  i n t e n s i t y  and e f f i c i e n c y  of  water  r e s o u r c e s  
management must be developed f u r t h e r .  Th is  i n  
t u r n  r e q u i r e s  an i n c r e a s e  i n  t h e  degree  o f  d e t a i l  
and s o p h i s t i c a t i o n  of t h e  a n a l y s i s ,  i nc lud ing  
economic, s o c i a l  and environmental  e v a l u a t i o n  o f  
water  resou rces  development a l t e r n a t i v e s  a ided  by 
a p p l i c a t i o n  o f  mathemat ica l  model l ing techn iques ,  
t o  g e n e r a t e  i n p u t s  f o r  p lann ing ,  des ign  and 
o p e r a t i o n a l  d e c i s i o n s .  

I n  t h e  y e a r s  of  1976 and 1977 IIASA h a s  
i n i t i a t e d  a concen t ra te6  r e s e a r c h  e f f o r t  focus ing  
on modeZZing and f o r e c a s t i n g  o f  n a t e r  demands. 
Our i n t e r e s t  i n  water  demands de r i ved  i t s e l f  from 
t h e  g e n e r a l l y  accepted  r e a l i z a t i o n  t h a t  t h e s e  
fundamental a s p e c t s  o f  water  resou rces  management 
have n o t  been g iven  due c o n s i d e r a t i o n  i n  t h e  p a s t .  

Th i s  paper ,  t h e  t h i r d  i n  t h e  IIASA wa te r  
demand series, r e p o r t s  on water  demand model l ing 
i n  England and Wales. A s  a r e s u l t  of t h e  Workshop 
on Model l ing o f  Water Demands (Laxenburg, 
17-21 January 1977) ,  it is  one o f  s e v e r a l  i n v i t e d  ' 

c o n t r i b u t i o n s  t o  our  Survey on Methods f o r  E s t i -  
mating Water Demands and Wastewater Discharges,  

D r .  Janusz K ind le r  
Task Leader 





Abs t rac t  

U n t i l  1974 r e s p o n s i b i l i t y  f o r  demand f o r e c a s t i n g  
l a y  w i t h  a l a r g e  number o f  most ly smal l  water  supply  
under tak ings and sewerage and sewage d i s p o s a l  au thor -  
i t i es .  Only s i n c e  1974, when 10 l a r g e  Water Author i -  
t ies  w e f e  c r e a t e d ,  has t h e r e  been much i n t e r e s t  i n  
t h e  formal model l ing o f  water  demands and d i scha rges .  
However, p rog ress  is  s e v e r e l y  handicapped by t h e  
sho r tage  of  in fo rmat ion  on how and where t h e  water  
supp l i ed  i s  used. A l o t  o f  a t t e n t i o n  has been g iven 
t o  t r e n d  a n a l y s i s ,  b u t  it i s  becoming i n c r e a s i n g l y  
c l e a r  t h a t  t h e s e  models a r e  inadequate.  Econometric 
ana lyses  us ing  t i m e  series d a t a  have some p o t e n t i a l ,  
b u t  it seems t h a t  t h e  f u t u r e  w i l l  see i n c r e a s i n g  
emphasis on model l ing t h e  use o f  water  w i t h i n  house- 
ho lds  and w i t h i n  i n d i v i d u a l  i n d u s t r i e s .  A g r i c u l t u r a l  
demanzs a r e  r e l a t i v e l y  smal l  and a r e  unl . ike ly  t o  
r e c e i v e  much a t t e n t i o n .  Sewerage, sewage t rea tmen t  
and e f f l u e n t  d i scha rges  have no t  rece ived  a g r e a t  
d e a l  o f  a t t e n t i o n  e i t h e r  i n  model l ing work i n  t h e  
p a s t ,  b u t  t h e  i n c r e a s i n g  i n t e r e s t  i n  environmental  
i s s u e s  w i l l  probably  r e s u l t  i n  g r e a t e r  e f f o r t  be ing  
devoted t o  model l ing t h e  e f f e c t s  o f  d i scha rges .  
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Introduction 

The degree of sophistication of demand modelling techniques 

applied in any sector of the economy depends primarily on three 

factors : 

i) the importance of the sector under consideration; 

iil the administrative srrangements in the given sector 

of economy, in particular where the responsibility 

for demand forecasting and demand management lies; 

iii) the data available. 

There is likely to be some relationship between i.i) and iii). 

Figure 1 illustrates the major components of water con- 

sumption in England and Wales in 1975. Clearly abstractions 

for agriculture and "other wster supply" are quite small. 

Direct abstractions by the Central Electricity Generating 

Board and other industries are less significant than the 

figures might suggest, because most of this water is returned 

to watercourses near to the point of abstraction with little 

change in quality. In the Water Resources Board's national 

study [I] it was assumed that in 1971 less than 10% of these 

abstractions had a significant effect on water resources. 

Therefore it is not surprising that most attempts at demand 

modelling have concentrated on the public water supply. 

In 1960 there were about 900 water undertakings in England 

and Wales, supplying treated water through the public mains to 

domestic, cc~mercial and industrial consumers. During the 

1960's many of the smaller undertakings were amalgamated, and 

by 1973 the number had dropped from 900 to 185, serving a 

population of about 49 million. If the water undertakings 

were often relatively snall the sewerage and sewage disposal 

authorities were even smaller. In the early 1970's there were 

approximately 1400 such organizations. From 1963 onwards there 

were also 29 River Authorities, responsible for water con- 

servation, pollution control, land drainage and certain other 

tasks, and the Water Resources Board which prepared regional 

and national plans for the future development of water resources. 

However, in practice the responsibility for preparing demand 

forecasts remained largely in the hands of the water undertakings 



and sewerage and sewage disposal authorities. 1974  saw a 

significant change in these arrangements. Since April of that 

year there have been ten multi-purpose Water Authorities, each 

responsible within its area, which is a single river basin or 

group of basins, for water supply, conservation of water 

resources, supervision of land drainage, use of water for 

recreation, removal, treatment and disposal of sewage, and 

control of industrial discharges. These Authorities have 

responsibility for demand forecasting and they are generally 

large enough to justify the employment of people with 

particular skills in that field. This, coupled with recent 

unexpected developments in water demand, has served to increase 

the water supply industry's interest in demand forecasting 

techniques. There doas not seem to have been the samz lncrease 

in interest in forecasting the demand for sewerage, sewage 

treatment and effluent disposal. This may be because in the 

case of domestic effluents the volume will be closely related 

to water consumption, while in the case of industrial effluents 

the main concern has been quality, not volume. The tendency 

has been to think in terms of controlling the quality by setting 

discharge standards rather than in terms of simply meeting the 

demand for disposal. 

In the areas of most Water Authorities comprehensive data 

on consumption are available only since 1960.  Records of 

direct abstractions by industrialists did not start until 

about 1970. In general very little is known about how the 

water supplied is used by consumers. It is not even certain 

how much water is accounted for by domestic consumption, because 

it is part, and only part, of the unmeasured component. Nor is 

it generally known how much of the industrial consumption is 

taken by particular industries. In these circumstances 

progress in demand modelling is likely to be slow, because it 

requires not only the development of mathematical techniques 

but also the collection of a great deal of additional data on 

water consumption. 

The Central Water Planning Unit was set up in 1974  at the 

same time as the ten Water ~uthorities. One of the major 



studies set for the Unit by its Steering Committee was 

"Demand Forecastilly a.nd Waste", on'e of the objects of this 

study being the development of improved forecasting techniques. 

From the start it was envisaged that work would develop through 

four stages. Initially effort was concentrated on a thorough 

analysis of time trends in water consumption, in per capita 

unmetered consumption, metered consumption and in population. 

It was expected that the next step would be the estimation of 

the relationship over time between water consumption and the 

state of the eccnomy, explaining water consumption in terms 

of such variables as personal income, the index of production, 

consumer's' expenditure, and the ownership of water using 

appliances, to quote four possible exan~ples. A third potential 

development was cross section analysis, involving the com- 

parison, at one particular point in time, of demands in 

different areas and the attempt to explain the differences by 

reference to social, economic and technological conditions. 

The results of such studies should improve understanding of 

why some groups of people consume more water than do others, 

and the knowledge obtained could then. be used in forecasting. 

However, the ultimate aim of the demand forecasting project 

was seen as detailed studies of how consumers (both domestic 

and industrial) actually use water. This approach necessitates 

obtaining data on the amounts of water taken by individual 

domestic consumers for specific purposes, while on the industrial 

side detailed studies of particular industries are required. 

In general the individual Water Authorities have been 

following the above pattern in developing their demand fore- 

casting techniques. Most have completed careful analyses of 

time trends, and three are already conducting experiments 

which involve the metering of individual domestic properties. 

The major developments in techniques of forecasting the 

consumption of water from public supplies are described below. 

Trend Analysis 

Traditionally the water supply industry, when preparing 

demand forecasts, has relied very largely on the forward 



extrapolation of recent trends. This method of forecasting 

has the virtue of being simple and cheap, and in the past it 

has been reasonably successful, because trends in water 

consumption have been remarkably stable. For example, a 

linear equation relating time to total consumption from 

public supplies in England and Wales over the period from 

1961 to 1975 explains 98.8% of the variation in consumption 

over the period. This trend is illustrated in Figure 2. 

One of the weaknesses of extrapolating total consumption 

is that it fails to take account explicitly of the population 

projections which are available and which often suggest that 

in the future population will grow at a different rate from 

that which has been observed in the past. Therefore it has 

become the common practice to divide total water consumption 

into two components, metered and unmetered, and to forecast 

the latter by extrapolating the trend in per capita unmetered 

consumption and then multiplying by projected population. As 

pointed out earlier, unmetered cannot be equated with domestic 

consumption. 

There are two main difficulties in using trend extra- 

polation. The first is the identification of the best. trend 

equation, of the form of the underlying trend. The second is 

the implicit, doubtful assumption that past trends will 

continue unchanged into the future. However stable the trends 

have been in the past it is possible that future trends could 

be different because of a change in one of the factors 

influencing water consumption. 

In the case of water consumption the problem of identi- 

fying the underlying trend equation is a very real one [2,3]. 

Figure 3 shows the trend in per capita unmetered consumption 

since 1961, a trend which seems both stable and simple. The 

exceptional figures in 1963 and 1964 were attributable to the 

severe winter weather in early 1963, which caused a large 

number of bursts and consequently a high level of leakage. 

Two trend equations were fitted to the data illustrated in 



Figure 3, the first linear, the second semi-logarithmic. The 

estimated regression equations were: 

P C U M  = 139.87 + 3.85t , R2=0.9827 ; [ I ]  
(1.291 (0.141 

where 

P C U M  = per capita unmetered consumption (litres per 

head per day) 

t = time (1360=0) 

and figures in brackets are staridard errors. 

The two equations cannot be compared on the basis of 

the values of R2 because they have different dependent 

variables, but when they are compared on the basis of the sum 

of the squared errors the second is preferable to the first. 

The difference is very small, as Figure 4 shows, yet when 

these equations are used to project demands they suggest very 

different figures for 2001, the first giving a figure of 298, 

the second 357 litres per head per day. This difference is 

unacceptably large for two equations which fit the past data 

almost equally well, and the choice between them cannot 

sensibly be made without giving explicit thought to the 

economic, social and technological factors likely to influence 

future demand. 

In the case of metered consumption the problem of choosing 

the appropriate trend is more severe, but at the same time it 

is more obvious. As Figure 5 shows, during the 1960's there 

was a steady pattern of growth, but since 1970 the annual 

changes have been erratic, and in 1975 consumption was still 

only at the same level as in 1969. The question to be resolved 

is whether experience since 1970 constitutes merely a temporary 



halt to the pattern of growth, attributable to economic or 

other circumstances, or whether there has been a permanent 

change in trend. If it is assumed that a new trend has been 

established the implication is that there will be no growth 

above the 1975 level of about 4700 megalitres a day. On the 

other hand, if it is assumed that metered consumption will in 

the near future revert to the rate of growth experienced during 

the 1960's the projected figure for 2001 is about 7600 mega- 

litres a day. The choice between the alternative projections 

cannot satisfactorily be made without some effort to understand 

t.he reasons behind the recent change in trend, and this means 

that research on the factors influencing water demand is 

necessary. 

The series of data available is too short to justify 

attempts to fit more complicated time series models. Even if 

this were possible it must always be doubtful whether trends 

will remain sufficiently stable to permit their use for medium 

to long term demand forecasts. It has been possible to obtain 

data going 'back to 1928 for certain geographical areas, 

thougl~ consumption could not be divided between metered and 

unmetered. In general the long term trend a~peared exponential, 

but there was a suggestion that the rate of growth had slowed 

down since 1960; consequently the trend was compatible with an 

S-type curve, implying an eventual upper limit beyond which 

consumption will not rise. It was found that exponential and 

S-type curves fitted the past data equally well but the 

projections of total consumption in 2001 ranged from 350 to 

570 litres per head per day, compared with the actual 1975 

figure of 308. 

Time series methods have also been employed by Owen and 

Morgan [4] and Sterling and Antcliffe [5] in the type of short 

term forecasting exercise for which such methods are generally 

better suited. However, it seems unlikely that forecasting 

demands for days, weeks or even a few months ahead will ever 

be very important in the water industry. The distribution 

system is designed to meet short term peaks and therefore 



little or no action is required by management if a peak is 

imminent. A prediction of a water shortage a few months 

ahead could be 'useful, but such shortages are attributable 

not to predictable increases in demand but rather to 

unpredictable reductions in supply. It would be helpfcl to 

be able to predict rainfall a few months ahead, but this 

would appear to be an impossibility. 

In view of the limitedneed for short term forecasts and 

the uncertainty attached to long term trends it seems unlikely 

that time trend analysis of water demands will be developed 

much, if any, further. At the present time Water Authorities, 

in preparing demand forecasts, are still relying largely on 

time trend analysis, but the simple extrapolations are 

increasingly being modified by subjective judgement to take 

account of some of che insights given by the types of analysis 

described below. 

Cross Section ~nalysis 

Cross section analysis involves the comparison at one 

particular point in time of demands in different areas, and 

the attempt to explain the differexes by reference to social, 

economic and technological conditions. It may well be pcssible 

to explain some of the differences in consumption intuitively, 

but the scope for numerical analysis is limited, whereas from 

the point of view of demand forecasting numerical analysis is 

desirable. 

Differences in metered consumption are probably explained 

largely by differences in the "structure of industry", but it 

is impossible to specify this variable by a number or numbers 

for inclusion in a regression equation. Similar problems 

are experienced in cross section analysis of unmetered 

consumption. Regional differences due to social and eccnomic 

factors could well be swamped by differences attributable to 

metering policy and leakage, neither of which can be specified 

numerically with any precision. 



There is the added difficulty in cross section analysis 

of obtaining regional or sub-regional social and economic 

statistics. Water Authority boundaries are based upon river 

catchments and bear no particular relationship to the economic 

planning regions for which social and economic statistics are 

normally published. Census data are collected for quite small 

geographical units and could almost certainly be aggregated in 

such a way as to refer to Water Authority areas or even to 

Water Authority Divisions, but the range of these statistics 

is quite limited. On the whole the scope for cross section 

analysis seems severely limited by the lack of appropriate 

numerical data. 

Econometric Analysis of Metered Public Water Supply 

At the Central Water Planning Unit linear regression 

analysis has been employed to estimate statistical relation- 

ships between water consumption and a number of possible 

explanatory variables, using annual data for the period from 

1961 to 1974. It should be emphasized from the start that 

regression ar:alysis may indicate correlation but it cannot 

guarantee causation. Ultknately, of course, it is causation 

in which we are interested, and therefore the method of 

analysis described in this section of the paper could never 

be considered the final word, particularly as it has only 

recently been tried for the first time. 

From 1961 to 1974 a simple time trend explained about 95% 

of the variation in metered consumption. The basic aim was 

to find an equation or equations either including or preferably 

excluding a time variable, which explained a higher proportion 

of the variation in metered consumption than did time alone. 

Figure 5 shows clearly that the scope for improving on the 

simple time trend was very limited for the period from 1961 

to 1970 and the success of the exercise depended largely on 

whether suitable explanations could be found for the erratic 

behaviour of consumption from 1970 onwards. 



Initially the relationship between metered consumption 

and the index of industrial production was examined in some 

detail. This index performed better than did time alone but 

only marginally so, and it only partially explained the change 

in the rate of growth inmetered consumption from 1970 onwards. 

Between 1961 and 1970 industrial production rose at an average 

compound rate of 3.0% per annum and metered water consumption 

rose at a very similar rate, 3.2% per annum. From 1971 to 1974 

metered consumption hardly rose at all while industrial 

production continued to rise, albeit at only about half its 

previous rate. The instability through time of this relation- 

ship between metered consumption and industrial production 

suggests that it cannot be used with any degree of confidence 

for demand forecasting. Either the index of industrial 

production is an inappropriate measure of output or there must 

be some additional variable influencing metered consumption. 

In view of these results a number of alternative measures 

of output were considered and so were alternative measures of 

employment, investment, climate and the price of water. First 

of all metered water consumption was regressed on each variable 

individually, secondly each variable wss included alongside 

time in a regression eqcation, and finally all possible 

combinations of output, employment, climate, investment and 

price were considered. In view of the fact that most of the 

variables were correlated with time many of the equations were 

also estimated in terms of first differences. Overall it 

appeared that the best equations were those with two explanatory 

variables, output, and employment in the service sector. 

Examples of the estimated equations are: 



where 

M = metered potable plus non-potable consumption 

(million cubic metres a day) 

MAN = index of output in manufacturing industry 

( 1  970=10C) 

NXMiiN = employment in the non-manufacturing sector 

A = means "change in" 

%A = means "percentage change in" 

and figures in brackets are standard errors. 

The variables representing employment in the service 

sector performed well in this analysis because the period of 

rapid growth in service sector employment occurred at the 

same t h e  as the period of slow growth in metered water 

consumption. This could be pure coincidence, though a causal 

relationship is plausible, because many establishments in the 

service sector have unmetered water supplies. It is felt that 

the possiblity of a causal relationship must now be subjected 

to more rigorous testing. 

Econometric Analysis of Unmetered Public Water Supply 

From 1961 to 1974 a simple time trend explained about 99% 

of the variation in total unmetexed consumption, leaving very 

little scope for improvement by the introduction of further 

variables. In these circumstances the main aim of the analysis 

was to find an equation which did not include a time variable 

but which nevertheless fitted the past data as well as the 



simple trend equations. The vari.ables considered were gross 

domestic product, personal disposable income, average weekly 

earnings of wage earners, consumers' expenditure, climate, 

population, the number of dwellings, and service sector 

employment. Population, the number of dwellings and income 

proved to be so closely related to each other that it was 

not possible to include more than one of' them in any equation; 

of the three the number of dwellings proved the best. When 

combinations of the various explanatory variables were 

examined the best equations were those including the number 

of dwellings, summer rainfall, and employment in the non- 

industrial sector: 

log U = -15.98 + 1.48010geD - 0.0665310geSR e (0.61 (0.085) (0.01 68) 

where 

U = unrnetered consumption (million cubic metres a 

day 

t = time (1960=0) 



D = number of dwellings 

SR = summer rainfall (millimetres) 

NXIP = number employed in the non-industrial sector 

and figures in brackets are standard errors. 

In view of the multicollinearity attributable to the fact 

that population, income and the number of dwellings all 

exhibited a clear time trend, it seems likely that the 

coefficient of the variable representing the number of 

dwellings includes a component attributable to factors such 

as increasing income and population. Therefore these 

equations can only be used for forecasting if it is probable 

that the relationship between population, income and the 

number of dwellings will remain unchanged. 

One possible way of removing the influence of population 

is to use per capita rather than total unmetered consumption 

as the dependent variable. When this was done the most useful 

explanatory variables were the average number of residents per 

dwelling and, once again, summer rainfall and employment in 

the non-industrial sector. 

The econometric analysis described above has achieved 

some measure of success, in that equations have been found 

which explain more of the variation in past consumption than 

does time alone. However, with the short series of data 

availabls it is possible that some of the correlations 

discovered are coincidental, and even if the correlations are 

genuine there is no guarantee that causal relationships useful 

for forecasting have been established. However, the results 

certainly suggest potentially useful lines of enquiry for the 

detailed studies of how water is used. 

Detailed Studies of Industrial Water Use 

To date there have been very few detailed studies of 

water use in industries. Such studies are extremely 

difficult, the principal reasons being: 

i) industrialists do not like to spend time completing 

questionnaires; 



ii) they are reluctant to disclose information about 

their production methods; 

iii) given the wide variety of product mixes and production 

methods it is difficult to design a questionnaire 

which is applicable to all firms. 

The first in-depth study was that of water use in fruit 

and vegetable processing [6]. A questionnaire relating to 

currentwaterutilization practices was sent to firms with 

interests in the canning and freezing of fruit and vegetables, 

and attempts were made to explain the differences in the 

volume of water taken per ton of raw material processed. The 

analysis consisted of a series of bivariate regressions, 

multiple regression not being attempted. Relationships were 

found between water use and water supply charges and between 

the degree of recirculation practiced and the total water 

costs per 1000 gallons. There was no clear relationship 

between water use per ton processed and size of the factory. 

In fact it was clear that water consumption varied a great 

deal from plant to plant and there was no obvious explanation 

as to why the differences should be as large as they were. 

Statistical regression acalysis was not really very satisfactory 

because of the high level of unexplained variance. 

A similar conclusion emerged from a study of the use of 

water in the textile industry. The report [7], published in 

1973, explains in considerable detail how water was used, 

what technical processes were available and where economies 

in water use might be made, but the only element of formal 

mathematical modelling was an attempt to establish the price 

elasticity of the demand for water. The initial aim was to 

build a production function model to explain how the relative 

usage of the various factors of production changes when prices 

change, but the statistical relationships which emerged from 

the analysis did not permit this. However, a significant 

relationship was found between water usage and the price of 

water. 



A recent study of water use in the food industry [ 8 1  gives 

a great deal of information about the volumes of water used in 

different processes in different product groups, but the study 

did not involve mathematical modelling of the production 

process or of the inter-firm variations in water use. 

There are possibly some individual large firms which, 

for their own management and planning purposes, have developed 

models of water use within their own plants. However, the 

author of this paper is not personally aware of any such 

models, and certainly none have been described in published 

reports. In the industrial sector mathematical modelling of 

water demands seems to be confined to the limited cross 

section regression analysis undertaken by Herrington [ 6 1  and 

the Textile Research Conference [7]. This approach seems to 

have limited potential because so much of the variation in 

water use between firms remains unexplained. 

There is now a great deal of interest in pursuing studies 

of industrial water demand. However, before models of 

individual industries can be incorporated into a formal 

demand forecasticg framework, it will be necessary to know 

how much water is used by each industry. Unfortunately such 

information is not generally &vailable. Some Water Authorities 

are now starting to rectify this by classifying both 

abstractions and metered public supplies according to the 

Standard Industrial Classification. Gradually the stock of 

information is growing but it will probably have to grow a 

good deal more before it can be incorporated into a satisfactory, 

formal numerical demand modelling and demand forecasting system. 

Detailed Studies of Domestic Consumption 

In preparing forecasts of unmetered water demand most 

Water Authorities have started by extrapolating per capita 

unn~etered consumption, but some have also attempted to break 

consumption down into a number of components and to forecast 

each component separately. The second method is normally used 

as a check on the first, to ensure that projecting past trends 



does not give wholly unrealistic forecasts. Even at the 

present time the division into components is largely a matter 

of guesswork but research is proceeding to provide improved 

data. 

The first task is to split unmetered consumption into 

its major components, namely household, commercial, miscel- 

laneous and leakage. At present, on the basis of a few 

metering experiments and a considerable number of night flow 

readings it would appear that household consumption is of the 

order of 100  to 120  litres per head per day, commercial 

consumption is up to 2 0  litres per day per head of resident 

population, miscellaneous consumption is negligible, and 

leakage is probably between 6 0  and 9 0  litres per head per day. 

In order to divide household consumption into further 

components one Water Authority has already metered about 

1000 households and studied in detail their use of water. 

The participating households kept daily diaries to record 

their water using activities and they also read their own 

meters daily. Similar experiments each covering towards 1000 

households are being actively planned by two other Water 

Authorities. The basic aim is to identify, for each possible 

water-using appliance: 

i) the percentage of households owning the appliance; 

ii) how often the appliance is used; 

iii) the volume of water consumed each time the appliance 

is used. 

The empirical information on these items is expanding all 

the time and it will probably not be long before the component 

method of forecasting is in common use. At the Central Water 

Planning Unit all of the empirical information currently 

available has been drawn together and has been combined with 

a certain amount of, hopefully intelligent, guesswork to 

indicate the orders of magnitude of the various components of 

domestic water consumption [ 9 ] .  Then some thought has been 

given to the position as it may be in the year 2000 and this 

suggests that consumption may well not grow as rapidly as a 



simple extrapolation of past trends would indicate. It seems 

that future effort in the field of domestic water consumption 

will be devoted largely to the further development of models 

involving the estimation of individual components of water use. 

Agricultural Water Demand 

Figure 1 shows that in England and Wales agriculture 

appears to be a relatively small use of water and accordingly 

it has not received much attention in research on water demands. 

The figure of 300 megalitres a day includes all abstractions 

for purposes of irrigation but does not include much of the 

water abstracted for other agricultural uses. There has been 

research on crop responses to irripation and there are also 

linear programming models of the agricultural sector, hut the 

two have not been put together in a mathematical model to show 

how water demand would respond to different situations and 

conditions. 

Sewerage, Sewage Treatment and Effluent Discharges 

Very little has so far been said about the demand*for 

sewerage, sewage treatment and the discharge of effluents. 

In fact these have not received anything like as much attention 

in formal demand forecasting exercises as have the demands for 

water. This could be partly because the demands can be met at 

the local level more readily than can the demand for potable 

water, and consequently there has been less need for strategic 

plans and the associated strategic demand forecasts. 

In the case of domestic effluents future volumes have 

usually been estimated by extrapolating past trends, while 

making some allowance for changes in expected trends in 

population growth. In the case of trade discharges to public 

sewers and industrial discharges direct to watercourses Water 

Authorities are able to control demand to a considerable 

extent through the operation of discharge consents and this 

may explain why it has not been found necessary to prepare 

and publicize forecasts. 



One major modelling exercise.which involves effluent 

discharges is a research study of the River Tees. The object 

of the study is to model the quality of the water in the Tees 

estuary, taking into account the discharges, and to examine 

how different quality standards mightbe achieved, with 

particular reference to pricing. The study is composed of 

two components, a water quality model and an abatement cost 

model. The former relates the quality of the estuary to the 

distribution of sources of effluent discharged and to effluent 

quality. The abatement cost model will calculate the additional 

cost of achieving alternative levelsofwater quality. The first 

step is to specify the quality required, and four alternatives 

are being considered: 

i) no deterioration from present levels; 

ii) quality suitable for coarse fish; 

iii) quality suitable for migratory fish; 

iv) quality associated with the best technical means 

of abating pollution. 

The second step is to collect information from industry 

to determine how much it would cost to achieve each of the 

four qualities. The third step is to show what costs would be 

if the quality of the estuary were controlled by the imposi;ion 

of different types of effluent charges and standards. The 

study is nearing completion but at present only early 

descriptions of the project [ I01  have been published. 

The Situation in Scotland and Northern Ireland 

This paper has so far dealt only with England and Wales. 

In Scotland and Northern Ireland the administrative arrange- 

ments for water supply, sewerage, sewage treatment and 

effluent disposal are different, but not so different as to 

affect significantly the state of demand modelling. In general 

demand forecasts have been based on simple extrapolation 

of past trends, but increasingly, interest is being shown in 

more detailed studies of water demand. Econometric models 

have, as far as is known, not been used. 



Conclusions 

It is only within the last few years that demand modelling 

has received a great deal of attention within the water industry. 

Even now in formal modelling work attention is focused entirely 

on public water supply, rather than on direct abstractions by 

industry or the discharge of effluents. Since the re-organiz- 

ation of the water industry in England and Wales in 1974 trends 

in water consumption have been carefully studied, and the use 

of econometric models has been examined. Household consumption 

is being examined in detail, with a view to establishing the 

major components of domestic use, but mathematical models of 

water use within industrial processes have not yet been 

developed. 
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