
Chapter 4

METHODS, DATA AND RESULTS IN THE PRESENT STUDY

In this chapter details of the methods, data and results of the

present study are given. Use is made of demand theory and previous

empirical research. A single-equation model of household residential

demand for water is developed from first principles. Available data are

then used to estimate the parameters of the model for the study region.

Finally, the hypotheses listed in Chapter 1 are tested.

4.1 The Model 

It is evident from the literature review of Chapter 3 that

single-equation linear regression models have been used widely in

residential water demand studies. However, very few of the publications

cited discuss adequately the manner in which preferred models were

developed. A notable exception is the work of Grima (1972). He began

with the specification of a simple identity:

D = /	 di

1./	 ... 4.1

where D = household demand for residential water;

d i = n i w i p i	(i = 1,2 	 m);

n i = the number of water-using appliances of type i present

in the dwelling;

w i = the rate of water use of type i appliances; and

p i = the probability of type i appliances being operated

during a particular time period.

Grima's model was then developed to ensure compatibility with both

this identity and the implications of utility theory. Consequently, the

variables chosen for inclusion in the model are those which directly



60

affect the elements of the identity and which are acceptable on

theoretical grounds.

A number of points raised by Grima (1972, pp. 77-80) in his

discussion of model development have relevance to the present study.

First, the amount of water used by a household is a direct result of the

consumer's willingness and ability to buy water-using appliances.

Therefore, total quantity of water demanded is determined by the complex

activities of gardening, washing, waste disposal and so on. This implies

that differences among households may be attributable to differences in

the number and type of appliances and/or capacity to pay for them.

Second, the composite nature of residential water use results in a

demand which varies with time of day, season and year. The differing

time periods over which demand may be measured offer considerable scope

for research which has implications for storage and distribution facility

investment.

Third, the identity specified by Grima measures how much water is

used by a particular household. The question of why particular

quantities are consumed can be answered only after consideration of

factors which affect the elements of the identity.

Fourth, the composite and complementary nature of residential water

use, as observed also by Gallagher (1980) and Robinson (1981), means that

only gradual changes in consumption patterns are possible: changes which

are conditional upon alteration of the stock of water-using appliances

and habits.

Finally, there are innumerable variables which affect the magnitude

of the identity elements. Consequently, large errors in empirical

estimation should be expected.

Residential demand for water, by its very nature, is closely related
to the demand for almost all consumer goods. It would seem, therefore,

that the most appropriate approach to take in its empirical evaluation

would be to utilise an extensive 'system of equations'. Unfortunately,

data limitations prevent such an approach in the present study. Instead,
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the preferred alternative is to work with a single-equation linear

regression model, the choice of variables being firmly guided by

theoretical considerations, available data and the above-specified

identity.

4.1.1 The dependent variable 

The pricing policy of the HDWB prior to July 1 st , 1962 did not

include a non-zero marginal price for water for more than 90 per cent of

residential water consumers. Consequently, the available observations on

actual household water consumption bear no relationship to marginal

price.

To enable the project to proceed it was necessary to draw upon the

literature on estimation of the demand for public goods.' In this

literature, reference is made to the need for the use of surveys for data

collection. For example, Bohm (1972) made the point that '... it is

better to have access to the results of an imperfect referendum than to

be completely without information (p. 58). In particular, the

application of bidding games for establishing willinyiiess-to-pay (WTP)

valuations for a good has provided a sound basis for deteLwining the

existence or otherwise of a causal relationship between a commodity's

price and quantity demanded (Randall et al. 	 1974; Eastman et al.

1974).

In order to quantify the relationship between household water use

and water price, if it exists, a survey questionnaire was used to elicit

from consumers their expected annual water usage, given certain prices.

An adult representative of each household was asked (using question 13 of

the questionnaire) 2 how much water his/her household would like to buy

annually, at prices of 30 cents per kilolitre, 60 cents per kilolitre, 90

cents per kilolitre and $1.20 per kilolitre. These elicited quantities,

which reflect consumers' WTP valuations of water, were then assumed to

'See, for example, Bradford (1970);	 Bohm (1971); Randall, Ives and
Eastman (1974); Eastman, Hogger and Randall (1974); and Gibson (1980).

2 The survey questionnaire and its accompanying prompt cards are included
in Appendix A.
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reflect accurately actual (future) water use by the household for the

year ending June 30 th , 1983, given corresponding prices.

Cognisant of the importance of minimising the hypothetical nature of

the WTP question, as stressed by Bohm (1972), Eastman et al. (1974) and

Randall et al. (1974), the author carefully compiled and pilot-tested

the questionnaire. This resulted in an operationally successful

interview procedure although, as discussed below, some responses were

judged to be unreliable.

It was intended that all of the quantities elicited by putting

question 13 of the questionnaire should be used to represent the

dependent variable, quantity of water used, in a (per) household water

demand equation. However, preliminary statistical analysis revealed that

serious autocorrelation resulted from inclusion of all four quantity

observations for each household. Subsequently, the data file was edited

so that only one elicited quantity was included for each household.

Using the data set ordered according to geographical location (by post

code and New South Wales Valuer General's identification number), the

retained observations on expected household water use (the elicited

quantities) were those corresponding to: 30 cents per kilolitre for the

first, fifth, ninth (and so on) households; 60 cents per kilolitre for

the second, sixth, tenth (and so on) households; 90 cents per kilolitre

for the third, seventh, eleventh (and so on) households; and $1.20 per

kilolitre for the fourth, eighth, twelfth (and so on) households.

4.1.2 The explanatory variables 

Utility theory implies that water price, prices of other commodities

and income should be included in the demand equation for mains water. In

addition, it was hypothesised that these variables influence, in various

ways, the elements of the water-use identity (equation 4.1).

In practice, the inclusion of prices of commodities other than these

associated with the dependent variable, is usually restricted to close

substitutes and/or complements (Grima 1972, p. 72). However, there are

few, if any, substitutes for mains water and expenditure on water makes
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up little of the total annual household consumption expenditure.

Therefore, changes in the price of water would seem to have negligible

impact on the quantity of other consumer goods consumed within a

household, implying that cross-price elasticities are likely to be very

low. Of note in the present study is the complication that there were

major constraints on the availability of data related to consumer

expenditure patterns. In addition, the interview procedure used for data

collection resulted in the imposition of the implicit assumption that,

for each household, the only variable was water price. Therefore, it was

appropriate that the only prices to be included in the demand. equation

were those related to water.

Income will clearly affect the number and types of water-using

appliances used and activities practised by household members. It will

also affect the probability that such appliances will be in use during

any particular time period. 	 Consequently, an income variable was

included in the initial model. Observations on income level were

obtained from question 15 of the survey questionnaire: observations on

both the household head's income and total household income were

It was also hypothesised that additional variables may be included

in the model, provided that they influence household consumption

decisions and that they discriminate among households. Following McShane

(1971), a wealth variable was included. This takes the form of the UCV

of each property represented in the sample and was taken to reflect such

factors as geographical location within the region, size of the

residential block (or lot) and capacity to purchase water and water-using

appliances. Number of residents per household (household size) was also

considered to be an important explanatory variable. Two variables may be

identified here (household size in 1981/82 and anticipated household size

during 1982/83), although only one of these was included in the model.

Consistent with the hypothesis that water consumption is influenced

strongly by the stock of water-using appliances and habits, previous

water use was also considered to be an essential element in the model.

For this reason, water use for the year 1981/82 was included as an
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explanatory variable.

Finally, five dummy variables were included in the model: the first

was included to differentiate householders who own the residence in which

they live, from those who do not; the second identified those who use a

septic tank for waste disposal (that is, those who are not connected to

sewerage); and the final three denote ownership of dishwashers, garbage

disposal units and swimming pools.

Many more variables could have been included as regressors.

Adequate data existed for inclusion of such variables as age and

occupation of the household head, type of dwelling, age of dwelling,

length of time the household group had occupied the dwelling, the

presence or absence on the property of rainwater tanks and bores, and

attitudes to water quality, price and supply services. However, these

variables were not included because, a priori, there was no good reason

for doing so. Moreover, the author wanted to minimise the possibility of

facing the multicollinearity problems which have arisen in other studies

as a result of the inclusion of highly correlated explanatory variables.

4.1.3 The functional form of the model 

Consideration of the theory of demand fails to reveal the functional

form most appropriate for empirical evaluation of residential demand for

water (Howe and Linaweaver 1967; Turnovsky 1969; Grima 1972). Most

investigators have either assumed a linear relationship or have proceeded

to estimate both linear and multiplicative (log-linear) forms , selecting

the 'best-fitting' model.

Grima (1972) contended that there are strong theoretical indications

of a curvi-linear relationshi p between household consumption of water and

household size, income and price (pp. 91-3). He put forward the

following arguments to support his contention:

(a) as income (or its proxy) increases, household water

consumption may be expected to increase proportionately at first but,

beyond some point, will not increase as quickly;
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(b) addition to household size will, beyond some point, result in

the use of smaller and smaller additional amounts of water; and

(c) although some individual water-using activities may bear a

linear relationship with price, total household water demand should bear

a curvi-linear relationship with price.

Furthermore, Grima argued that initial linear estimation (using his data)

provided additional evidence to support curvi-linearity. This evidence

appeared from the resultant non-normal residuals which were both

heteroscedastic and positively skewed.

To overcome the limitations of ordinary least squares estimation, in

respect of the underlying assumption of linearity, Grima suggested two

data transformations which are acceptable on a Priori grounds. That

finally used in his study was the logarithmic (base 10) transformation,

which permitted the desired curvi-linear or

multiplicative-in-the-variables functional form. However, a rather less

conventional suggestion was that the nth root (where n is an integer) of

all variables be taken: this would allow elasticities to vary but would

still ensure convexity, from above, of the relationships between the

dependent variable and 'non-price' explanators; 	 and concavity, from

above, of the relationship between the dependent variable and price.

Grima's arguments led this author to the examination of a number of

functional forms for which linearity (in the parameters) is assumed and

from which could be chosen the model most appropriate for the available

data. First, using the variables defined below, a function linear in the

variables was applied to the data;	 second,	 the logarithmic

transformation was applied to all variables;	 and third, extended

Box-Cox/Box-Tidwell transformations were used to apply (approximately)

the appropriate n t " root transformation to all	 variables. 3	All

formulations ensure:

(a) convex-from-above curvi-linear or linear relationships between

quantity demanded and previous year's use, income, UCV and

3 See Appendix C for a brief outline of Box-Cox and Box-Tidwell

transformations as applied in a 'Box-Cox regression' framework.
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household size; and

(b) a concave-from-above curvi-linear or linear relationship between

quantity demanded and price.

4.2 The Data

The data base used in this research was compiled from HDWB records

and responses to a household sample survey questionnaire. Data available

from the HDW'B included: annual water use for each household; the 1977

UCV of each property connected to mains water; annual water rates paid

under the 'old' rating system; the lump-sum charge for each property

under the 'new' pricing policy; and the marginal price of water under

the new policy. For each dwelling in the sample there was an observation

on the amount of water used during the year 1981/82 and, for many of

these, there were observations for the six years from 1976/77.

Unfortunately, a time-series of six years' observations was available for

less than the full sample due to households (that is, for example,

families) changing their places of residence.

For the selected sample of dwellings, survey data were obtained by

carrying out interviews with the head of each household or his/her adult

representative. Included in the survey questionnaire were questions

regarding income, household size, age and occupation of the household

head, presence of water-using appliances, attitudes to water use and

pricing, and WTF valuations of water.

The sample of 520 households for which observations on relevant

variables were available was made up of the respondents to an initial

mail contact of 1600 households. These respondents were all interviewed

successfully, although approximately 40 of them gave inadequate responses

to income questions.

Hanke and Mehrez (1979a) and Hanke and de Mare (1982) have suggested

a two-stage stratified sampling technique which is suitable for

collecting residential water use data 	 for pooled time-series,
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cross-sectional studies. 	 Hanke and Mehrez (1979a) concluded that an

efficient sample for the United States would consist of sampling

200 water connections in five different strata at ten different utilities

located in various climatic zones...' (p. 1348). Thus, a sample of some

10 000 households was considered to be suitable in surveying the U.S.

population of more than 200 million persons. Such a rule would make the

present sample of 520 households, representing approximately 385 000

people, sufficient provided that the sample is representative of the

population.

The initial contact sample was obtained from a list of households

connected to mains water supplied by the HDWB. Using an approach

consistent with Cochran (1965, p, 132), the target population was divided

into five strata, based on geographical location. This was done because

it was considered desirable that the sample be proportionately

representative of all locations. The total sam ple of 1600 households was

selected using a random number generator, so that the number of

households s r.4- .G1 from each stratum was proportional to the number of

households serviced with mains water in that stratum.

The selected sample was made up of 108 households from Port Stephens

(6.75 per cent), 144 households from Cessnock (9 per cent), 160

households from Maitland (10 per cent), 560 households from Newcastle (35

per cent) and 628 households from Lake Macquarie (39.25 per cent). Of

the successful interviews, 45 were from Port Stephens (8.7 per cent), 23

were from Cessnock (4.4 per cent), 35 were from Maitland (6.7 per cent),

185 were from Newcastle (35.6 per cent) and 232 were from Lake Macquarie

(44.6 per cent).

The survey procedure was conducted in two stages several weeks

apart: an initial mail contact and an interview. It was necessary to

include the mail contact for three reasons. First, the full co-operation

of respondents was needed for the successful conduct of interviews. The

initial mail contact included an introductory letter setting out the

intent of the research and seeking the co-operation of the household. In

addition, a consent form was enclosed: this was signed by a household

representative and served both to indicate willingness to be interviewed
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and to give permission for records held by the HDWB concerning that
household to be used in the research project.

Second, following Gallagher and Robinson (1977) and Robinson (1961),

the author considered that very few households would have sufficient

information on water use to be able to make WTP valuations of water as

required by question 13 of the questionnaire. The initial mail contact

contained four pages of information regarding the new pricing policy of

the HDWB, general water use statistics (adapted from Heeps 1977) and

water saving methods.

Third, it was expected that many households would not respond

affirmatively to the request for participation in the project. Mail

contact was the most cost-effective means of establishing which were the

co-operative households.

A reminder letter was also dispatched three weeks after the first.

The mail enclosures are included in Appendix B.

The survey questionnaire was com piled and pilot tested after several

discussions with members of the Datex Co-operative who conducted the

interviews.' it incorporates questions related to the required data and

was framed, as far as possible, to avoid confusion or hostility, in an

attempt to ensure the smooth conduct of each interview.

Interviews were conducted during the period Se ptember 20", 1982

through December 5 th , 1982. Questions were formulated with the intention

of using the elicited data in regression analyses.

4.3 Estimation of the Model 

The model first estimated was that based on a priori variable

selection. The general form of the estimating equation was as follows:

WTPUSE = Bo	 B 1 UCV + B 2USE82 + B 3 RES + B 4 Pw + B 5 INC + B6D.

+ B 7 D, + B 8 D d + B 9 D 9 + B l oD d + u	 ... 4.2

'The Datex Co-operative Limited is a non-profit social and regional

co-operative located at Hamilton in the Lower Hunter Valley.
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where WTPUSE = intended water use at a particular price, elicited from

consumers by using question 13 (the willingness-to-pay

question) of the questionnaire;

UCv = unimproved capital value of the dwelling in thousands of

dollars (used as a wealth variable);

USE82 = actual water use in 1981/82, as measured by HDWB meters;

Pw = marginal price of water in dollars per kilolitre,

corresponding to WTPUSE;

RES = number of residents per household (household size) in

1981/82 (RES82) or 1982/83 (RES83);

INC = income of household head (HEADINC) or total household

income (ALLINC) in thousands of dollars per annum;

D, = dummy variable taking the value one for residences with
septic tanks and zero otherwise;

D o = dummy variable taking the value one for residences with

swimming pools and zero otherwise;

D d = dummy variable taking the value one for residences with

dishwashers and zero otherwise;

D 9 = dummy variable taking the value one for residences with

garbage disposal units and zero otherwise;

D o

	

	= dummy variable taking the value one for residences owned

by the occupants and zero otherwise; and

u = a disturbance term.

Estimating equation 4.2, using ordinary	 least-squares	 COLS)

regression analysis and 480 observations, yielded the following results:
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WTPUSE = 65.836 + 1.433 UCV + 0.624 USE82 + 8.591 RES83 - 109.81 Pw

(S.E.)	 (21.786) (0.969)	 (0.026)	 (2.670)	 (10.129)

CEP	 C0.067	 E0.7073	 00.1113	 C-0.380]

+1.708 HEADINC - 0.641 D, - 6.195 D, + 5.506 Dd

	(0.429)	 (10.584)	 (12.526)	 (9.736)

[0.1287

+14.457 D, + 17.536 D o	... 4.3

	

(25.979)	 (17.304)

with R 2 = 0,683;

Durbin Watson statistic = 2.099 (h statistic = -1.012);

Shapiro-Wilk statistic = 0.947 which is non-significant;

coefficient of skewness = -0.607 with standard deviation of 0.112;

coefficient of kurtosis = 4.557 with standard deviation of 0.223;

chi-square goodness-of-fit test for normality of residuals - 96.91

with 17 degrees of freedom; and

Jarque-Bera asymptotic LM normality test: chi square = 433.776 with

2 degrees of freedom.6

Examination of these results reveals that all dummy variables and

UCV are not significantly different from zero. In addition, when the

dummy variables were replaced with a single dummy variable, reflecting

the use of one or mere of the appliances, it too was non-significant.

However, the normality test statistics are indicative of residuals which

are not drawn from a normal distribution.	 This casts doubt on the

validity of coefficient estimates,	 their standard errors and

t statistics. Fortunately, the histogram of residuals is symmetrical and

bell shaped, apart from an accumulation of negative outliers. As

mentioned in Appendix C, provided the residuals form a bell-shaped

histogram, t statistics are quite robust. Therefore, analysis proceeded

on the assumption that the dummy variables were not significant

explanators.

In addition to the above statistical measures, the Breusch-Pagan
test was used to establish whether or not the residuals of the OLS model

were heteroscedastic. This test confirmed that heteroscedasticity was a

problem,	 with all	 'non-dummy' variables, except UCV, apparently

contributing.	 Efforts to correct for heteroscedasticity were not

3 E = estimated elasticity at the point of means and S.E. = estimated
standard error.
For a resume of reported test statistics see Appendix C.
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successful and, furthermore, did not result in normally distributed

residuals, although there was an improvement in the variance of

estimation of the intercept term and the price coefficient. Logarithmic

and Box-Cox/Box-Tidwell transfotmations failed to improve both the

behaviour of the residuals and the variance of estimation.

In seeking to improve the linear model, outlier residuals were

examined. Using Studentised residuals, the outliers were identified and

data for the corresponding households examined carefully.' The common

characteristic amongst the negative outlier households was that the

response to a 30 cents per kilolitre rise in the price of water from 30

to 60 cents, from 60 to 90 cents or from 90 cents to $1.20, was a fall in

the stated quantity of water demanded to zero or to less than half of

actual use in 1981/82. The notable characteristic of the positive

outliers was the surprisingly low quantity of water used in 1981/82.

These cases had previously been identified during interviews and were

either due to faulty water meters or the result of water consumption

during only part of the year (for new and unoccupied dwellings). Both

types of outlier households were excluded from further analysis. In all,

65 households were omitted as a result of these unusual circumstances,

leaving a final sample of 415 households.

Estimation of the 'dummy-free' regression equation on the edited

data yielded the following results:

WTPUSE = 33.338 + 0.130 UCV + 0.827 USE82 + 3.799 RES83

(S.E.) (7.200)	 (0.052) (0.016) (1.474)

CE) 00.048] C0.8581 C0.051]

- 58.211P,, + 0.120 HEADINC	 ... 4.4

(5.782)	 (0.024)

C0.1897	 C0.0833

with R 2 = 0.903;

Durbin-Watson statistic = 1.989 (h statistic = 0.122);

Shapiro-Wilk statistic = 0.977 which is significant at the 0.026

probability level;

r̂or an outline of the calculation and use of Sudentised residuals, see
Hoaglin and Welsch (1978).
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coefficient of skewness = 0.135 with standard deviation of 0.12;

coefficient of kurtosis = 0.409 with standard deviation of 0.239;

chi-square goodness-of-fit test for normality of residuals = 50.14

with 22 degrees of freedom; and

Jarque-Bera asymptotic LM normality test: chi square = 3.869 with 2

degrees of freedom (significant at 0.05 probability level).

It is clear that this model does not violate the assumption that the

residuals are drawn from a normal distribution. However, the

Breusch-Pagan test showed that RES83, USE82 and HEADINC contributed to

heteroscedasticity. The often appropriate correction for

heteroscedasticity in such cases would suggest the division of all

variables by

(RES84 x USE82 x HEADINC)°.333.

Testing subsequent to such correction showed that UCV and Pw had become

causal to heteroscedasticity. The original variables were then divided

by

(RES84 x USE82 x HEADINC x UCV x Pw )0-2

and subsequent testing revealed that the resulting disturbance estimates

were homoscedastic.

Using the 'heteroscedasticity correction factor' in generalised

least-squares (GLS) regression analysis, the original model, formulated

a priori, was again estimated. 	 Of the dummy variables, only that

specifying the use of septic tanks, D,, appeared to offer some influence

on the explanatory variable. The estimates obtained for the two most

preferred equations were:

(a) WTPUSE = 26.656 + 0.155 UCV + 0.832 USE82 + 4.668 RES83 - 51.735 Pw

(S.E.)	 (6.162) (0.056)	 (0.016)	 (1.520)	 (5.001)

CE]
	

C0.06]	 C0.858]
	

C0.0637
	

C-0.1811

	

+ 0.109 HEADINC - 9.261 D,	 ... 4.5

(0.022)	 (5.247)

C0.073]
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with R 2 = 0.904;

Durbin-Watson statistic = 2.002 (h statistic = -0.024),

Shapiro-Wilk statistic = 0.981 which is significant at the 0.138

probability level;

coefficient of skewness = -0.085 with standard deviation of 0.12;

coefficient of kurtosis = 0.561 with standard deviation of 0.239;

chi-square goodness-of-fit test for normality of residuals = 36.455

with 21 degrees of freedom (significant at the 0.01 probability

level);

Jarque-Hera asymptotic LM normality test: chi square = 5.469 with 2

degrees of freedom (significant at the .05 probability level); and

(b) WTPUSE = 26.903 + 0.137 UCV + 0.831 USE82 + 4.731 RES83

(S.E.) (6.176)	 (0.055) (0.016) (1.524)

EE3 [0.054] [0.8573 C0.063]

- 51.955 Pw + 0.110 HEADINC	 ... 4.6

	

(5.013)	 (0.022)

	

C-0.181]	 [0.074]

with R 2 = 0.904;

Durbin-Watson statistic = 1.986 (h statistic = 0.216);

Shapiro-Wilk statistic = 0.983 which is significant at the 0.288

probability level;

coefficient of skewness = 0.043 with standard deviation of 0.12;

coefficient of kurtosis = 0.712 with standard deviation of 0.239;

chi-square goodness-of-fit test for normality of residuals = 34.093

with 22 degrees of freedom (significant at the 0.025 probability

level); and

Jarque-Bera asymptotic LM normality test: chi square = 8.283 with 2

degrees of freedom (significant at the 0.01 probability level).

Multicollinearity was not apparent in either model, and would not be

expected given the low correlations between explanatory variables which

are recorded in Table 4.1.

It is difficult to choose between the preferred equations in terms



Table 4.1

Matrix of Correlations between Regressors 

UCV USE82 RES83 Pw HEADINC

UCV 1.0000

USE82 -0.1606 1.0000

RES83 -0.3285 -0.0821 1.0000

Pw 0.1261 -0.3800 0.2035 1.0000

HEADINC -0.2023 -0.3357 0.1153 0.1140 1.0000

In general, correlations of less than 0.8 or less than the R 2 statistic

for the estimating equation, indicate that muiticollinearity is unlikely
to be a problem. See Appendix C for a survey of means of detecting and

correcting for multicollinearity.

74
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of which best describes the relationship between the quantity of water

demanded and its causal factors. A priori, equation 4.5 would seem to be

the most appropriate since it includes the septic tank dummy variable.

This variable differentiates between households who currently pay 40

cents per kilolitre for water (those with septic tanks) and those who pay

60 cents per kilolitre (those connected to sewerage). Evaluation of

statistical measures also points to equation 4.5 as best describing the

demand relationship. In particular, the assumption of normally

distributed disturbances would seem to be met, as evidenced by the

magnitude of the relevant residuals test statistics.

In compliance with the sequential estimation procedure outlined

above, the logarithmic data transformation was performed but the results

so obtained were inferior to those of GLS analysis of the untransformed

data. However, the Box-Cox regressions (those utilising

Box-Cox/Box-Tidwell transformations) yielded satisfactory results: these

regressions were applied first so that each independent variable was

transformed with 'its own' unique lambda value; 8 and second so that all

variables, including the dependent variable, were transformed with a

common lambda value.	 The preferred transformations resulted in the

following two estimates:

(a) WTPUSE = -2.370 + 0.559 UCV + 0.829 USE82 + 0.947 PE583 - 8.589 Pu

(S.E.) (1.189)	 (0.198) (0.017) (0.3736) (0.363)

[F3 C0.06113 [0.850] [0.053] E-0.184]

+ 0.498 HEADINC - 1.103 Ds	 ... 4.7

(0.098)	 (1.005)

C0.0833

with lambda = 0.67 (applied to all variables, except Di);

R 2 = 0.9;

Durbin-Watson statistic = 1.976 (h statistic = 0.258);

8 As shown in Appendix C, the Box-Cox/Box-Tidwell transformation uses the

function:
Y,(lambda) = [Yt "a■da)	 11/(lambda)
where lambda is determined by the nature of the data.



7 (3

coefficient of skewness = 0.114 with standard deviation of 0.12;

coefficient of kurtosis = 0.308 with standard deviation of 0.239;

chi-square goodness-of-fit test for normality of residuals = 40.527

with 21 degrees of freedom (significant at the 0.005 probability

level); and

(S.E.) (1.189)	 (0.195) (0.017) (0.373)

CE] C0.057] C0.850] C0.054]

- 8.609 P. + 0.501 HEADINC	 ... 4.8

	

(0.863)	 (0.098)

	

C-0.185]	 [0.083]

with lambda . 0.67 (applied to all variables);

R 2 = 0.9;

Durbin-Watson statistic = 1.975 (h statistic = 0.277);

coefficient of skewness = 0.11 with standard deviation of 0.12;

coefficient of kurtosis = 0.315 with standard deviation of 0.239;

and

chi-square goodness-of-fit test for normality of residuals = 46.689

with 22 degrees of freedom.

The grid-search procedure used in Box-Cox regression seeks lambda

values which ensure that the residuals are approximately normally

distributed and have homoscedastic variance. In the present case,

elasticity estimates, at the point of means, obtained from applying

Box-Cox regression are remarkably similar to those obtained from GLS

regression of the untransformed data. The major difference between these

model formulations is that, in the former, the lambda values determine

the functional form, while, in the latter, linearity in the variables is

assumed. Both assume linearity in the parameters.

Despite the desirability of the curvi-linear relationships implied
by the Box-Cox model and the similarities in results of the alternative

linear model formulations, there remains a clear choice of which should

represent the 'true model'. In accordance with the principle of choosing

(b) WTPUSE = -2.406 + 0.5220 UCV 0.829 USE82 + 0.963 RES83+
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the simplest adequate model, the linear-in-the-variables GLS formulation,

as given by equation 4.5, is the preferred relationship for household

water demand in the Lower Hunter Valley.

4.4 Testing the Hypotheses of the Study 

It was hypothesised in Chapter 1 that the own--price elasticity of

annual demand and the income elasticity of annual demand for water in the

Lower Hunter Valley, for the period of the study and based on the chosen

sample, lie between zero and unity (unity meaning plus one for the income

elasticity and minus one for the price elasticity). This hypothesis was
tested using the t test procedure outlined by Yamane (1967, pp. 508-9)
and reported in Appendix C. Individual t tests show that the absolute

values of the estimates of both the price and income elasticities of

demand for water (at the point of means) in the Lower Hunter Valley are

significantly greater than zero (in the statistical sense) but

significantly less than unity. In view of this evidence, and that

presented in Table 4.2, it is concluded that residential demand for water

in the Lower Hunter Valley is both price inelastic and income inelastic.

The second hypothesis was that the price elasticity of annual demand

for water based on WTP valuations by consumers is not significantly

different from values obtained in selected previous studies. The result

of testing this hypothesis will be influenced by the studies selected for
comparison. Therefore, care needs to be taken to select those most

similar to the present study in terms of model specification and type of

data. Nevertheless, it is acknowledged that comparisons among studies

are difficult because of differences in, among other thin gs, objectives

and assumptions, time periods and geographical location.

Of the research reported in Chapter 3, the studies most directly

comparable with the present study are those of Danielson (1979),

Gallagher (1980) and Hanke and de Mare (1982). In all of these studies,

time-series and cross-sectional data on individual households were

available and marginal water price was used as the appropriate price

variable.	 Danielson (1979) reported a constant price elasticity measure



Table 4.2

Confidence Intervals for Elasticity Estimates 

Estimated
	

Estimated	 Confidence

elasticity at standard error 	 interval

point of means

Price Elasticity

of Demand
	

-0.181
	

0.049	 -0.271 to -0.091

Income Elasticity

of Demand
	

0.07	 0.014	 0.042 to 0.098

Confidence intervals were calculated at the 95 per cent level of

probability. However, as discussed in Chapter 5, pre-test estimation may

have given rise to biased standard errors. Therefore, the 'true'

confidence intervals may be broader than are these estimates.

78
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of -0.27; Gallagher (1980) repoL	 ed price elasticities, at the point of

means, ranging from -0.26 to -0.75; 	 and Hanke and de Mare (1982)

reported a price elasticity, at the point of means, of -0.15. 	 By

comparison, the present study yields a price elasticity of -0.181 with a

95 per cent confidence interval of -0.271 to -0.091. Therefore, it is

concluded that the price elasticity derived from willingness-to-pay

valuations of water by households in this study is not significantly

different from values obtained in comparable previous studies. Hence,

the second hypothesis is accepted.



Chapter 5

DISCUSSION OF RESULTS

Although the preferred linear model has the desired statistical

properties, there are some limitations on the inferences which can be

drawn from the results. These relate to pre-test estimation, data

editing, the representativeness of the sample, the imposition of the

homogeneity and negativity conditions (implied by utility theory) and the

hypothetical nature of the valuation of water by consumers before they

have experienced a non-zero marginal price for water. Despite these

limitations, the reported parameter estimates give rise to a number of

implications for the formulation of the pricing policies of the water

supply authority. These relate to the broad areas of consumption

response and consumer choice, revenue raising and the use of household

surveys in the policy-making process. These issues provide the basis for

this chapter.

5.1 Limitations of the Study 

5.1.1 Pre-test estimation 

Pre-test estimation is the process of using a particular data set to

select a model by prior testing as well as to estimate the parameters of

the final preferred equation (Wallace 1977, p. 4J1). Such has been the

case in the present study whereby heteroscedasticity has been detected

and 'treated', the 'statistically-appropriate' income measure determined

and non-significant dummy variables omitted. Stepwise estimation of this

type has been criticised because it may result in 	 spurious

"significant" results ...	 even (when) starting with statistically

independent vectors of data' (Wallace 1977, p. 431).
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Wallace (1977) and Judge et al. 	 (1980) reviewed in detail the

statistical problems associated with pre-test estimation. Three major

summary points emerge from their discussions. First, the effect of

sequential testing which leads to omission of variables which were

included on a priori grounds, is to impose restrictions on the regression

relationship. Such restrictions reduce estimated variances but, if

false, introduce bias. Second, probability distributions of pre-test

estimators are complex and reported standard errors of estimation may be

seriously misleading. Third, methods are available for assessing the

overall impact on the regression of imposition of such restrictions and

for obtaining more efficient estimates of parameters in the final model

(Judge et al.	 1980, Chapter 3): these are complex and are beyond the

scope of the present study, so are not presented in this discussion.

Judge et al.	 (1980 pp. 223-4) provided some comments and

recommendations concerning pre-test estimation when disturbances are

autocorrelated and heteroscedastic, and Wallace (1977 pp. 442-3)

formulated some general rules which should be considered by applied

researchers. The suggestions of Wallace are essentially as follows:

(a) if restrictions are valid, based on theoretical considerations,

then they should be imposed without testing;

(b) mechanical deletion of variables through stepwise regression

procedures is unwise since variables considered to be important

enough for data collection should have been chosen a Priori 

(therefore, when there is doubt as to the relevance of a

variable for which data have been collected it should be

retained);

(c) the efficiency of estimation may be enhanced by obtaining a

larger sample when variables selected a Priori appear to be

non-significant; and

(d) standard errors and t-test statistics should be viewed with

caution because they are likely to be biased toward indicating

significant difference from zero.
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Wallace then summarised his advice to practical researchers by

stating that '... statistical procedures substitute rather poorly for

rigorous modelling based on the foundations of the field of application.

Rather, statistical technique is a complement, not a substitute.

Nevertheless, anyone with experience in empirical work knows that

learning is a sequential process and that theory falls short of providing

the sort of prior information one would like. 	 Occasional sinning,

therefore, may be inevitable but not necessarily fatal' (p. 443).

In the present study it is not clear whether severe bias was

introduced as a result of pre-testing. However, only in the case of the

dummy variable, D s , is the coefficient estimate less than 2.5 times as

large as its estimated standard error. Therefore, although it is

recognised that pre-test estimation bias can be problematical, it is

concluded that the results in this study are not misleading.

5.1.2 Data editing 

Many observations were lost to the analysis as a result of the data

editing process which was described in section 4.3. This was unavoidable

because initial model estimation, using data describing the 480

households for which adequate income responses were available, showed

clear violation of the assumptions underlying OLS regression analysis.

When this occurs, one can have little faith in coefficient estimates and

their standard errors. Therefore, especially if a

linear-in-the-parameters model is thought to be appropriate, one must

examine the data carefully in an effort to determine the cause(s) of such

'mis-behaviour'.

Households which showed abnormal (for the sample) responses were

scrutinised and some of them deleted from the sample. In all, 65

households were deleted: 20 because the elicited response to one or more

parts of the WTP question (question 13 of the questionnaire) was that the

household would use no water at all; 32 because the elicited response to

one part of the WTP question was that water consumption would be less

than 50 per cent of that in 1981/82; 10 because of faulty water meters;

and 3 because of data punching errors. It was reasoned that the data for
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each of these households were atypical of the sample and, therefore,

should be excluded from the analysis. Nevertheless, such data editing is

felt to detract from the study in the sense that more observations are

preferred to less.

5.1.3 Representativeness of the sample 

Of obvious concern is how well the sample represents the population.

In this, the method of sampling is of crucial importance. Sampling

procedures which enhance the probability that a given sample will

adequately represent the population from which it is drawn are now

well-established. 1 Provided such procedures are followed carefully, then
one can be confident that the resulting sample is unlikely to badly

misrepresent the population.

The present author utilised a stratified random sampling technique

consistent with Cochran (1965, Chapter 5). Unfortunately, because of the

nature of the survey procedure, there may have been significant

non-response bias since, of the 1600 households selected in the study,

observations on only 415 were suitable for inclusion in regression

analysis. It is difficult to detect how much bias resulted from the

exclusion of almost three quarters of the original sample, especially

since there is little information regarding these households available to

the researcher. The only available comparisons between respondents and

non-respondents are those concerning household water use in 1981/82 and

the UCV of properties.

Using the tests of significance of the difference between means

reported in Appendix C, the mean per household quantity of water actually

used by respondents in 1981/82 appears to be significantly higher (by

approximately ten per cent) than that used by both non-respondents and

the population during the same year.	 In addition, the mean UCV of

respondents'	 properties appears to be significantly higher (by

approximately four per cent) than that of non-respondents. 	 However,

there is no evidence of significant difference between the mean per

1 For detailed treatment of sampling techniques see, for example, Cochran
(1965) and Sukhatme and Sukhatme (1970).
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household water usage of non-respondents during 1981/82 and that of the

population. Hence, it would seem that there is evidence of the existence

of non-response bias, although the seriousness of the situation is

unclear.

5.1.4 Restrictions implied by utility theory

The restrictions implied by utility theory were presented in Chapter

2. Those applicable to single-equation demand models are the negativity

condition and the homogeneity condition.

The negativity condition makes use of the Slutsky equation:

ax i /ap i = (3xi/ 3 Pt ) ucon.t	 xi(axi/3m)

where	 = quantity demanded of the commodity in question

(WTPUSE in the present study);

Di = price of the commodity in question;

m = income of the consumer; and

(9x,/3ni)u....t = substitution effect of a price change (which is

assumed always to be negative).

This leads to the test relationship:

ax,/3 13, 4 x t (Dx,/3m) < 0.

In the present study, this equals:

-0.235 + 0.0716x i < 0

which is true for more than 95 per cent of the final sample of 415

households. Therefore, it is concluded that the negativity condition is

satisfied by the model for the chosen data set.

The homogeneity condition requires that demand for consumption goods

should yield demand functions which are homogeneous of degree zero in

prices and income. If the condition is valid, then, in the face of

equi-proportional changes in prices and income, consumers will purchase

the same quantity of goods, thus indicating the absence of money

illusion.	 In the present study, this implies that the demand equation
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should be homogeneous of degree zero in water price, income and property

UCV. That is:

eii = -(e i . + ei.)

where	 e ii = the own price elasticity of demand for water;

e i . = the wealth (UCV) elasticity of demand for water; and

e i . = the income elasticity of demand for water.

Using an F-test, which compares the residual sum of squares (RSS) of

the unrestricted equation (equation 4.5) with the RSS of the equation

restricted by the homogeneity condition (described in detail in Appendix

C), one is able to determine whether or not the restriction is valid for

the preferred model. Unfortunately, despite the finding of Laitinen

(1978) that such tests are biased toward rejection of the null

hypothesis, the preferred function was judged not to be homogeneous of

degree zero. This implies either that the consumers surveyed suffer from

money illusion (in respect of purchases of mains water) or that the

method used in eliciting their intended consumption responses at various

prices causes the appearance of money illusion.

In view of this result it is worth reiterating that utility theory

is founded on the behaviour of individual consumers. However, the

present study has diverged from the theory in two major ways: first,

household demand for water has been evaluated in such a way as to produce

an estimate, from cross-sectional data, of the 'average' (or, rather,

minimum residual sum of squares) demand function; and second, this

demand function represents the derived demand for water (which follows

from the input-output relationship between water use and household

production). Consequently, it is not a complete surprise that the

preferred model (equation 4.5) violates the homogeneity condition,

especially in view of the conclusion by Christensen, Jorgenson and Lau

(1975, p. 381) that demand theory is inconsistent with the empirical

evidence regarding homogeneity of degree zero.
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5.1.5 Valuation of water by consumers 

It was mentioned in Chapter 4 that historical residential water use

in the Lower Hunter Valley bears no relationship to marginal price since

very few consumers faced a non-zero marginal price for water prior to

July 1", 1982. The main aim in the present project has been to

supplement data available from the HDWB, by means of a questionnaire

survey, so that it can be determined whether or not such a relationship
can be quantified. Use has been made of statements of intended water

use, at particular prices, as proxies for observations on actual market

behaviour.	 Under the circumstances, such proxies were the best

available. Furthermore, the procedure adopted provided results which are

consistent with those of other studies. Therefore, although it is

acknowledged that consumers face difficulties in valuing water prior to

the introduction of non-zero marginal prices, it is contended that such

statements are worthy of consideration within a regression framework.

5.1.6 The overall impact of the limitations of the study 

Several limitations regarding the inferences which can be drawn from

the study's results have been discussed. In addition to these there may
be others which detract from the extent to which subsequent

recommendations are accepted by both consumers and water supply

authorities.

It is regrettable that data problems arise as they have in this

study. However, provided recognition is given to resultant flaws,

parameter estimates can be of practical assistance to those evaluating

and formulating pricing policies applicable to water supply. In the

present study every attempt has been made to follow the strictures

outlined in the literature and, when interpreted with caution, the

results are useful for policy analysis.
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5.2 Implications of the Results 

5.2.1 Implications for consumers 

In support of the findings of previous studies, equation 4.5 (the

preferred model) provides convincing evidence of the existence of a

causal relationship between the dependent variable, a proxy for annual

household water consumption, and explanatory variables reflecting wealth,

income, household size, water price and stock of water-consuming

appliances and habits. In addition, as shown in Table 5.1, estimates of

elasticities indicate that annual residential demand for water in the

Lower Hunter Valley is inelastic with respect to all explanatory

variables included in the final model.

These results are indicative of consumer behaviour under the

particular circumstances which prevailed in the Lower Hunter Valley

during 1982/83. They do not reflect consumer response to the change in

HDWB pricing policy which took effect on July 1 st , 1982. Instead they

indicate the nature of the consumption response to changes in marginal

price given that, for each household, there is also a lump-sum charge.

A priori reasoning and consideration of the very low price

elasticity of demand lead one to conclude that the de gree of substitution

of water for other commodities is, in general, very low. The above

results also indicate that there is likely to be some degree of

complementarity in the consumption of water and other goods, even though

water demand is apparently inelastic with respect to the level of

previous water use (the latter is a proxy for the stock of water-using

habits and appliances). Furthermore, consideration of the extremely low

income elasticity reveals that the small changes in consumption which are

likely to result from price changes will be primarily due to substitution

effects, with income effects being relatively small. However, empirical

evidence of elasticities is insufficient for determining the precise

degree of substitution (Foote 1958, p. 98). In order to do this the

shape of the indifference curves must be considered, especially in the

absence of estimates of cross-price elasticities. This is because the

shape of indifference curves depends on the degree of substitution



Table 5.1

Estimated Elasticities at the Point of Means 

Variable Elasticity

UCV 0.060

USE82 0.858

RES83 0.063

P. -0.181

HEADINC 0.073

66
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between commodities.

The proportion of the household budget expended on mains water is

very small. In addition, because of the nature of its contribution as an

input into the household production process, water is, in general, a poor

substitute for, but a good complement to, other commodities.

Consequently, one would expect cross-price elasticities of demand for

water to be extremely low. These considerations supplement the empirical

findings of the present study and lead to the conclusion that the

indifference map shown in Figure 5.1 is appropriate for the 'average'

household in the Lower Hunter Valley. Such an indifference map

illustrates that water is, in the main, a very poor substitute for other
goods (and vice versa) but water consumption is complementary with

consumption of other goods.

The inclusion of Figure 5.1 provides the basis for evaluating the

effects on consumers of a change in the marginal price of water. All

explanatory variables of the household water demand equation (equation

4.5), except that denoting water price, are held constant at their mean

values. This yields the ordinary demand curve D and the compensated

demand curve D' (for constant utility level U 2 ). Consumers are worse off

in the face of marginal price increases, given a constant lump-sum

charge. Two factors operate in the reduction of consumer well-being:

first, a lower quantity of water is consumed; and second, expenditure on

water increases. Most of the reduction in water consumption is due to

the substitution effect of the price change whilst the remainder is the

result of a fall in real income. In addition, should the lump-sum charge

be increased, its effect, as a result of a reduction in retained

discretionary income, would be to reduce further water consumption and to

increase further expenditure on water. However, note must be made of the

fact that the loss of utility illustrated in Figure 5.1 has been

exaggerated for purposes of demonstration. The situation being described

is easily placed into the correct perspective when one realises that

during a given period of analysis, the likely magnitude of price changes

is of the order of less than 20 per cent (rather than 800 per cent, as in

Figure 5.1) and that the budget lines have such slight slopes that they
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should appear to be virtually horizontal. It seems likely, therefore,

that, in reality, changes in price will cause changes in expenditure,

consumption levels and utility levels, but by very small increments.

Despite this result, however, it may still be possible that price

increases are to society's advantage. As discussed in Chapter 2,

provided increases in marginal price reflect the marginal cost of

providing water, then efficiency gains will accrue from a reduction in

the water consumption which is in excess of the socially desirable

equilibrium quantity. 	 This is shown in Figure 5.2 for the case of an

increasing cost industry. At a. zero marginal price for water the

quantity demanded is go. For the units of water represented by q0-q.,

there is an excess of social cost over social valuation represented by

the area ABC.	 This excess (or net social cost) is eliminated by

establishing a price (equal to the marginal social cost) of ID,.

On the other hand, lump-sum charges will only be justified when

water supply is a decreasing average cost industry and revenue

short-falls resulting from marginal cost pricing need to be met by water

consumers. 2 Under conditions where the average cost of water supply is

increasing, lump-sum charges imposed in addition to marginal cost prices

will act to transfer income from consumers to the water authority with no

efficiency gain.

In general terms, the model specified by equation 4.5 establishes

that there exists a relationship such that changes in annual household

water use result from changes in income, wealth, household size and water

price, but only as the stock of water-using habits and appliances, as

measured by previous annual consumption, is adjusted. Of particular

interest are the demand elasticities related to price and income. These

indicate that residential demand for water is both price and income

inelastic, but less so as price and income (respectively) rise. However,

it is not clear whether the relationship described by the model is of a

short-run or long-run nature. On the one hand, consumers responded to a

series of questions at a particular time so that, for each household,

technological and socio-economic factors were, implicitly, constant.

2 See Figure 5.3 (p. 98) and the accompanying discussion.
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This indicates that the present study has examined short-run demand and,

as implied by Tomek and Cochrane (1962), it may be that, in the long run,

as these factors become variable, residential water consumption will

become substantially more responsive to changes in the explanatory

variables, especially water price. On the other hand, as mentioned in

Chapter 3, cross-sectional studies may be considered to reveal the

long-run position. This follows, in the present study, from variation in

household water demand (across the sample) which is attributable to

differences in household characteristics and which is, therefore,

influenced indirectly by life cycle considerations.

In addition to providing valuable evidence regarding the effect of

price and income changes under a two-part tariff pricing policy, the

present study also sheds some light on the overall effect on water

consumption of the change in HDWB pricing policy. Unfortunately, it is

not valid to make use of one demand function to analyse the effect of

changing from one policy to another. In the words of Gallagher (1980,

p. 73) '... in addition to the usual responses to increased marginal

price, consumers would be expected to respond to changes in discretionary

income which accompany changes in tariff structure. Accordingly it is

not appropriate to draw strong inferences from observed data about price

elasticities without accounting for the consequences of the tariff

structure change.' This is particularly so in the present study because

the range of prices used to elicit intended water consumption responses

did not include a zero marginal price for water. Consequently, it would

be unwise to attempt to use the resultant demand equation to compare

water consumption before and after the introduction of non-zero marginal

pricing.

However, the information presently available allows a crude

comparison of water consumption before July 1", 1982, when the 'old'

rating structure was in place, and intended water consumption elicited

during the household interview, given the imposition of the new two-part

tariff. Such a comparison, it is proposed, will yield an indication to

both the consumer and the water supply authority of the expected change

in consumption of, and expenditure on, water. 	 Two comparisons are
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appropriate here: mean previous annual household consumption versus mean

intended annual household consumption for all 520 households with whom

interviews were completed; and mean previous annual household

consumption versus mean intended annual household consumption for the

final usable sub-sample of 415 households.

Examination of the data for all 520 households interviewed showed

that mean annual household consumption for 1981/82 was 245.2 kilolitres

(with a standard deviation of 145.3) whilst mean intended annual

household consumption, at a price of 60 cents per kilolitre, was 235.2

kilolitres (with a standard deviation of 127.6). This represents a fall

of four per cent but, when a t test is applied, is not significantly

different from zero. 3 For the final usable sub-sample of 415 households,

mean annual household consumption for 1981/82 was 231.7 kilolitres (with

a standard deviation of 130.2) and mean intended annual household

consumption, at a price of 60 cents per kilolitre, was 229.6 kilolitres

(with a standard deviation of 122.7). This is a fall of only one per

cent which, again, is not significantly different from zero.

These comparisons lead to the conclusion that, based on the

information available and provided elicited responses truly represent

actual future consumption, the change in pricing policy instigated by the

HipwB will not yield a statistically significant change in mean annual

household consumption during 1982/83 as compared to 1981/82. This is an

unexpected result, although two underlying factors assist in explaining

it. First, drought conditions in the Lower Hunter Valley region led to

the imposition of residential water use restrictions by the HDWB during

the period from December 1979 to February 1982. Also during this period,

the HDWB engaged in an extensive advertising campaign which was aimed at

reducing water wastage (Hunter District Water Board 1983). Restrictions

applied primarily to garden watering, although the advertising campaign

was of a more general nature. It is hypothesised that the adjustments

made to consumption activities during this period were substantial, thus

leaving little room for further short-term consumption reductions in

response to the introduction of the two-part tariff. Such an hypothesis

3 See Appendix C.
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is supported by the ten per cent reduction in mean annual household

consumption during 1981/82 (compared to 1980/81) re ported by the HDWB

(1982b).

Second, the effect of the im position of the two-part tariff was not

constant across households. The majority of households (some 87.5 per

cent of the final sub-sample of 415) faced a change to a marginal price

of 60 cents per kilolitre but those not connected to sewerage faced a

marginal price of 40 cents per kilolitre. In addition, the change from

the rating structure to the two-part tariff meant that some households

faced a rise in the lump-sum charge, some no change and others a fall in

the lump-sum charge as compared to the rate paid in 1981/82 (Hunter

District Water Board 1962a, p. 12). Therefore, the income effect of the

change in pricing structure was likely to have been such that some

consumers may have been induced to increase consumption, thus offsetting

(at least partially) the reduction in consumption expected of most

consumers.

Another factor which may have influenced the result of the test of

difference between actual use in 1981/82 and intended annual use, is

related to the circumstances surrounding consumer response to the WTP

question at the price of 60 cents per kilolitre. At the time interviews

were conducted all participating households were aware that the two-part

tariff, incorporating a marginal price of 60 cents per kilolitre (40

cents per kilolitre for those not connected to sewerage), was in

operation. Such a situation reduces the hypothetical nature of the

question and would tend to encourage consumers to respond as

'realistically' as possible. 	 It could be argued, therefore, that the

less hypothetical are the circumstances surrounding the putting of WTP

questions,	 the	 less	 likely are elicited quantities to diverge

dramatically from immediately previous annual consumption levels.

Hence, the finding that mean annual household consumption in

1981/82, under the rating policy, is not significantly different from the

mean of intended consumption levels, under the two-part tariff, is

plausible, given the circumstances surrounding the study. Whether or not

such results are useful in predicting the mean quantity demanded by
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households in 1982/83 will depend on how closely the quantities elicited
during interviews are matched by subsequent actual consumption.

Predictions beyond the year following the execution of the survey have

not been contemplated because of the implicit assumption underlying the

study that only marginal price is variable, ceteris paribus.

Overall then, the present study shows that consumers are worse off

as a result of the change in HDWB pricing policy to the extent that their

expenditures on water are likely to rise and their consumption, as

compared to the long-run historical trend, is likely to fall. However,

potential efficiency gains may be possible, provided marginal price now

reflects more closely the marginal cost of water supply. The study also

shows that wealth, household size, income, past water use, water price

and connection to sewerage are important in explaining the quantity of

water demanded by households.

5.2.2 Implications for the water su ppl y authority 

Although primarily focused on consumer behaviour, the present study

would not be complete without mention of its implications for the water

supply policy-making process. This discussion will be restricted to a

brief treatment of some issues suitable for positive analysis: the

implications of the study's findings for revenue raising, resource

allocation and investment scheduling; and its implications for the

pre-testing of alternative changes to pricing policy. 4 Normative analysis

of issues such as the fairness of distributional effects of lump-sum

charges based on unimproved capital value of residential lots will be

left entirely to other researchers.

The results discussed above indicate clearly that the revenue earned

from the activities of supplying water and sewerage services in the Lower

Hunter Valley will increase as a result of the implementation of the

HDWB's two-part tariff. In addition, there is convincing evidence,

arising from the very low price elasticity of demand, that increases in

marginal price, whether or not these are accompanied by increases in

4 For a comprehensive discussion of the principles of urban water supply
pricing policy see Gallagher (1980, p. 90-121).
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lump-sum charges, will also result in increases in revenue. These

observations give rise to two important questions regarding the two-part

tariff: at what level should marginal price be set and at what level(s)

should lump-sum charges be set?

In answering these questions it is necessary to consider what is on

offer to the consumer. The lump-sum charge is, in effect, a licence fee

which, when paid, provides the consumer with the right to purchase water.

Hence, in considering his or her circumstances, the consumer first

evaluates the benefits which accrue from entering the market and, if

sufficient to warrant the payment of the lump-sum charge, then evaluates

the marginal benefits from each unit of water consumed (Gallagher 1980,

pp. 111-2). Therefore, the quantity demanded depends on the whole market

offer, as mentioned in Chapter 2. Gallagher (1980, p. 112) argued that

if distributional effects are to be taken into account then lump-sum

charges based on the amount of consumer surplus accruing to each consumer

would be appropriate, provided adequate knowledge of consumers' demands

is available. However, if, as in the present study, distributional

effects are not taken into account consumers may be asked to pay equal

amounts: the appropriate magnitude of the lump-sum charge will be

determined by the need for the water supply authority to raise revenue in

excess of that received directly from water sales.

From an efficiency point of view, price should equal the marginal
social cost of production. However, in the case of decreasing cost

industries, revenues generated by setting price equal to marginal cost

will fall short of total costs, as illustrated in Figure 5.3. Under such

conditions the imposition of a lump-sum charge is necessary if the

financial autonomy of the supplier is to be maintained.

Ng and Weisser (1974) examined the optimal balance between marginal

price and lump-sum charge for decreasing average cost public utilities.

They implied that it should not be assumed that marginal price should be

set equal to marginal cost since, under such a rule, a two-part tariff

may exclude some consumers from the market as a result of too high a

lump-sum charge. The setting of price above marginal cost, allowing for

a decrease in the lump-sum charge, may allow more consumers into the
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Figure 5.3 Setting Price Equal to Marginal Cost: the Case of a Decreasing
Cost Industry.
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market and thus possibly result in a net social gain-

Ng and Weisser (1974, p. 340) indicated that under the operation of
a Pareto-optimal two-part tariff a decreasing cost public utility should

set unit (marginal) price equal to marginal cost if the price elasticity

of the number of consumers (E,) 5 is zero; while if E, is non-zero, and

if average consumption is greater than the marginal-consumer's
consumption, price should be set above marginal cost. They also showed

that under normal demand conditions (in the sense that average

consumption exceeds the marginal-consumer's consumption), the proportion

of excess costs' financed by setting price above marginal cost, increases

with the absolute value of E, and decreases with the absolute

income-compensated price elasticity of consumption, provided that mean

consumption and marginal-consumer consumption do not change with changes

in these elasticities and neither elasticity changes with changes in the

other.

It is inferred from these findings that, if one assumes that water

supply authorities face declining long-run average costs and that a

Fareto-optimal two-part tariff is desirable, then unit or marginal price

should be set equal to or above the long-run marginal cost of production

and the lump-sum charge should be set at a level sufficient to raise

revenue to the desired profit or break-even level. The optimal mix of

lump-sum charge and excess price (price in excess of marginal cost) will

be determined from the relative effects of E, and the income-compensated

price elasticity of demand. It follows, therefore, that the appropriate

levels of marginal price and lump-sum charge can be determined only in

the light of empirical evidence regarding demand and cost functions.

In respect of the present study, virtually nothing is known of the

cost function appropriate to the HDWB. Consequently, it is difficult to

judge, on efficiency grounds, whether the lump-sum charges and marginal

5 The price elasticity of the number of consumers is defined as the
proportional change in the number of consumers divided by the
proportional change in (marginal) price.

6 Excess costs are the costs of production not met from revenues
generated by setting unit price equal to marginal cost.

7 Declining long-run average costs are implied by the apparent strong

desire of Australian water supply authorities to impose lump-sum charges.
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prices now in place in the Lower Hunter Valley are at appropriate levels.

Improved knowledge of the cost structure of the enterprise would be of

value in this regard.

The HDWB anticipated that, as a result of the introduction of its

two-part tariff, there would be an improvement in its ability to effect

reductions in projected water consumption (Hunter District Water Board

1982a, b, c). If such reductions are realised, then substantial

short-run savings in interest payments may arise from subsequent delays

in water storage facility auamentation. However, despite the findings of

some of the studies cited in Chapter 3, the present study does not lend

support to the proposition that the introduction of a two-part tariff

will necessarily result in substantial reductions in residential water

consumption. 8 In addition, the price elasticity of demand estimated from

equation 4.5 reveals that subsequent changes in marginal price are likely

to be more effective in achieving the objective of raising revenue than

in causing a substantial reduction in water consumption.

In consequence, the view is taken that unless very large chan ges in

price levels are contemplated, it would be unwise of water supply

authorities to rely solely on mani pulating the price variable in order to

effect si gnificant reductions in residential water consumption. Such

reductions in consumption may be perceived by the water supply authority

to be necessary for achieving a cost-saving objective or for ameliorating

temporary water shortages. Alternative means of changing consumption

behaviour (in the short-run) have already been used successfully: for

example, the use of moral suasion and water- use restrictions. In

addition, if short-term supply problems exist it may be worth examining

the prospect of delaying sewerage works (leaving aside issues such as

public health, groundwater pollution and consumer demand for sewerage)

since, as the present study has revealed, households relying on septic

tanks for waste disposal use significantly less water than those

connected to sewerage.

One hastens to point out, though, that the recent prolonged drought in
the Lower Hunter Valley is thought to have been largely responsible for
such a result.
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Another important, aspect of investment scheduling is the process of

actually deciding whether or not to proceed with plans for storage

capacity augmentation. The information contained in the estimated demand

equation may be of value to this decision making process. In particular,

if a credible estimate of the demand relationship is available, then, as

shown by Sigurdson (1982), a comparison of total consumer's surplus with

the cost of augmentation may provide guidance.

Finally, consider briefly the question of the usefulness of demand

studies such as this in supplementing data held by water supply

authorities. Most Australian water supply authorities have very little

knowledge of residential water demand because very few consumers face a

non-zero marginal price and little is known about the socio-economic

characteristics of individual households. It follows that, in making

judgments about the desirability of expanding facilities, changing

pricing policy and/or restricting water consumption, policy makers face a

lack of information regarding consumer preference. The present study has

used methods which improve the level of knowledge on two counts: first,

information regarding household characteristics has been obtained; 	 and

second, consumer valuations of water have provided proxies for

observations on market transactions involving non-zero marginal prices.

The collection of data of this nature has enabled the estimation of a

water demand equation for the region in question. This, it is believed,

has provided a level of understanding of consumer preferences for the

supply of water and sewerage services which far exceeds that available

before the commencement of the study. 	 Furthermore, the analytical

content of the study provides a base from which can evolve economically

rational decisions. It is concluded that, from the viewpoint of an

economic analyst, supplementation of water supply authority records with

socio-economic data and subsequent econometric modelling are valuable, if

not essential, inputs into the process of formulating the policies of

water supply authorities.



Chapter 6

SUMMARY AND CONCLUSIONS

This study of residential water demand arose from an interest in the

change in pricing policy for residential water consumers in the Lower

Hunter Valley. The author expected to achieve two major objectives: to

utilise available data to obtain parameter estimates for annual urban

household demand for water in the Lower Hunter Valley and to assess the

results so obtained in terms of their implications for water supply

authority pricing policies. Secondary data were obtained from the Hunter

District Water Board. However, because of the absence of a non-zero

marginal price for water for almost all consumers, historical water use

patterns bear no relationship to water price. Therefore, survey data

were used to supplement the available secondary data.

The analytical model for the residential demand for water in the

Lower Hunter Valley was develo ped after detailed examination of demand

theory, previous empirical studies of water demand and a  priori 

considerations. The household demand for water was estimated as a

function of income, household size, previous water use, unimproved

capital value of the residential block, a dummy variable specifying the

use of septic tanks for waste disposal and water price. The dependent

variable, intended water use, was a proxy for water consumption.

Observations on the dependent variable were elicited by asking

respondents to specify how much water their households would like to buy

annually at various prices.

In Chapter 2, the development of various aspects of demand theory

were traced, helping the author to reconcile the theoretical and applied

aspects of demand analysis. In addition, demand theory provided the

framework for pricing policy analysis.
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A review of previous empirical residential water demand studies was

provided in Chapter 3. Arising from this review was the expectation that

total annual household demand for water is price and income inelastic,

although particular uses of water (for example, garden uses) may promote

more elastic demand. In addition, the literature review provided a guide

to variable selection and served to acknowledge the statistical problems

which are likely to occur in empirical studies.

In Chapter 4, the author built on the content of previous chapters

in describing the development and empirical evaluation of a suitable

single-equation model of water demand. The most preferred model

(equation 4.5) is indicative of a household demand for water which is

inelastic with respect to wealth, previous water use, household size,

water price and income.

Limitations of the study, including pre-test estimation, data

editing, the representativeness of the sample, the violation of the

homogeneity condition and valuation of water by consumers, were discussed

in the first half of Chapter 5. These limitations were not considered to

be severe. Some implications of the results were discussed in the second

half of Chapter 5. Consumers were found to experience losses in utility

as a result of the imposition of a non-zero marginal price for water

since their water consumption is likely to fall and their expenditures on

water are likely to rise. However, a net social benefit may arise if the

water price is established near the marginal cost of water supply. In

addition, the water supply authority is likely to enjoy an increase in

earnings as marginal price rises but is unlikely to effect large

reductions in water consumption by manipulating water price.

In respect of the amount of information available to water supply

authorities for use in policy formulation, two important deficiencies are

evident. First, there is a lack of information regarding consumer

preferences. Historical data held by Australian water supply authorities

are inadequate for the empirical evaluation of residential demand for

water.	 Consequently, policy makers are forced to make decisions in the

absence of empirical evidence on likely consumption responses. 	 Second,

the level of knowledge about the marginal cost of supplying water is
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deficient. As mentioned in Chapter 5, a comprehensive analysis of the

desirability of a particular pricing policy requires some knowledge of

the cost structure of the industry. Indeed, examination of the desirable

mix of lump-sum charge and marginal price requires, at the very least,

knowledge of whether the enterprise faces declining or rising long-run
average costs.

Clearly, an improvement in the level of knowledge about consumer

preferences and cost functions would provide valuable guidance to policy

makers in their deliberations on water pricing, rationing and investment

problems. The present study has not addressed the problem of estimating

cost functions, but the data collection techniques and analytical methods

used in this study should provide considerable guidance for overcoming

deficiencies in knowledge regarding consumer preferences for water.

In addition to research on cost functions associated with water

supply, the author recommends follow-up research on the demand for water.

In particular, the techniqes used in this study may be applied in

situations where the water supply authority contemplates replacing an

existing rating policy with a two-part tariff or a block pricing policy.

The techniques could be applied to the evaluation of both residential and

non-residential demand. They could also be used in situations where a

non-zero marginal price already exists but where the water supply

authority is considering a change in price level.

Further research on water demand is also necessary to test the

predictive power of the approach used in this study. It is suggested

that, as data become available in the study region, observations on

actual water consumption, at various actual prices, could be used to

estimate the model specified by the present author. Alternatively, a

model of the type used by Gallagher (1960) could be modified to include

some, or all, of the explanatory variables identified in the present

study.	 This would enable the estimation of both short-run and long-run

elasticities of demand.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46

