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This paper analyzes the demand for water in case of a

multiple-part tariff in Denton, Texas. The model used is

developed from Billing & Agthe's model by using the

following variables: marginal price, difference variable,

tax assessed value, lot size, house size, temperature and

rainfall.. The results indicate that temperature has the

greatest effect on water demand, since this area is

considered to be a very warm area. Also, marginal price

seems to have a strong effect on water consumption

indicating that customer is well-informed to a change in

rate schedule. This test supports the original idea of the

previous articles that the coefficient on difference

variable and that on income should have the opposite sign.

However, this test can not prove that those coefficients

should be equal in magnitude, since the proxy of the income

variable can not represent the individual monthly income.

In addition, this article introduces another variable which

can be a proxy of outdoor water use. That is lot size

showing the effect on water demand. The last variable used



in the model, house size,does not have much effect on water

demand and is dropped out in the final model.
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CHAPTER I

INTRODUCTION

The water industry is one of the oldest and largest in

the United States. The attention given to this industry by

economists is both discursive and sporadic because many

commentators believe that water is unique, that it should

not be treated as an economic good, that is, a scarce good.

The generally accepted methodology uses a 'requirements'

approach for residential water demand forecasting and system

design. The application of the requirements approach yields

estimates of future water use that are derived by

forecasting population changes and multiplying those

estimates by a current average per capita water use. This

forecasting technique, therefore, assumes that the

technical, economic, and behavioral features of the society

are stable. That is incorrect. The elasticity of demand

for water is not zero; consequently, the influences of

price, weather, and income must also be considered if

accurate forecasts and appropriate system designs are to be

made.

In practice, many utilities use a multistep block

pricing scheme. Many of the problems noted in the

literature with estimating demand for a commodity in the

1
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presence of block pricing schemes have not been resolved by

current econometric analyses.

The present investigation attempts to analyze the

demand for residential water in Denton, Texas. The main

focus of this paper is to measure the responsiveness of the

quantity of urban water demanded based on price, weather,

income, and other variables and to find the best variable

that represents the whole price effect from a multistep

block pricing scheme.

This study was conducted by the Economics Department of

North Texas State University. Steve Hopman, Dumrongchai

Sawangcharoen, and I conducted this research under the

supervision of Professor Michael Nieswiadomy and Professor

David Molina. Chapter II: Literature Review was composed by

Steve Hopman.



CHAPTER II

LITERATURE REVIEW

The estimation of water demand historically has

consisted of estimating population, multiplying by an

average daily per capita use, and then applying peak-to

average ratios based on entire cities to estimate peak

demands. This methodology, however, can lead to substantial

over- or under-design of systems in that it contains no

allowance for climate, income, price or other economic

effects. Refinement of models for estimating the

residential demand for water progressed primarily from the

realization that the price charged for water does affect the

quantity of water demanded. This dependence of demand on

price introduced a new dimension of complexity wherein the

proper notion of price must be defined. The issue of the

proper measure of price to be used in the demand function

has been a matter of considerable discussion in the

literature.

The reason why it is difficult to specify a demand

function for water is that the consumer does not face a

single price, but rather a price schedule, in the form of a

utility's rate structure, from which water is purchased in

blocks at an increasing or decreasing marginal price. The

3
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unit price, therefore, changes with the quantity demanded at

a tariff's quantity breakpoints. In situations where the

consumer faces a price schedule, rather than a price that is

fixed, the amount of water consumed depends on the entire

schedule and not upon any single price. The price structure

has implications for the equilibrium of the consumer as well

as ramifications in the specification and estimation of

empirical demand functions.

Budget Constraints Under Multiple-block Pricing

In the case where a good has a single price, the budget

constraint faced by the consumer is linear. With a price

schedule, however, the budget constraint becomes nonlinear.

Whenever the schedule encompasses an increasing or

decreasing block structure, the nonlinear budget line has

implications for the equilibrium of the consumer which

affect the demand function itself. The City of Denton has

had both increasing and decreasing rate schedules over the

period under study. The implications of both arrangements

will, therefore, be reviewed.

Decreasing Block Schedule

Taylor (1975) discusses the equilibrium .problems

associated with a nonlinear budget constraint under a

two-part tariff with decreasing block rates. A nonlinear

budget constraint placed on the consumer by a decreasing
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block pricing arrangement would conform to the following

rate schedule:

first Wl gallons or less Z

Wl to W2 gallons fl/gallon

more than W2 gallons ,2/gallon,
where n2 < <l. It is assumed that the consumer exhibits

the utility function P(Ql,Q2) that is maximized subject to

the level of income X. Good Q2 can be purchased in

unlimited quantities at price P2, whereas water (Ql) is

purchased according to the two part block rate schedule.

The general appearance of the nonlinear budget constraint is

given in Figure 1.

Q2

A B

GOOD 2

WATER W2 Qi

Figure l.--Budget constraint with decreasing block pricing

The linear segment BC has a slope equal to -jl/P2, and

corresponds to the rl part of the water price schedule. The

segment CD, with a slope equal -g 2 /P2, corresponds to the N 2
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part of the schedule. Taylor illustrates a number of

consequences for the equilibrium, the demand functions, and

Engel curves of the consumer which result from the

nonlinear, convex budget constraint.

A E

GOOD 2

C

W1 WATER W1 D Qi
Figure 2.---Consumer equilibria

Figure 2 shows the equilibrium for two different

indifference curves, with equilibrium given by the tangency

to each facet of the budget line which are BC and CD. The

equilibrium points are E and F, respectively. The

equilibrium of the consumer cannot be derived in the

conventional manner because of the piece-wise linearity of

the budget constraint. This also means that the demand

function cannot be obtained by solving the first-order

condition for utility maximization. Figure 3 illustrates an

increase in the intramarginal rate, jtl, but not in the

marginal rate, j2. From Figure 3, the budget line was ABCD,
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but after the intramarginal rate increases the budget line

rotates down to be ABEF, while the segment CD parallel to

EF, since the marginal rate is not changed and the

equilibrium are H and G, respectively. Figure 4 describes

an increase in both. The budget line was ABCD before the

change in rates. After the changes in both rates, new

budget line is ABEF and the equilibrium points are H and G,

respectively.

Q2

A 13

(11 0 )( ) 11

I I

WI WAT R W2 F 1) Q

Figure 3.--Effect of a change in intramarginal priceSource: Taylor, p.77.

Although in Figures 3 and 4, equilibrium remains on the

same segment of the budget constraint following the price

increase, this need not be the case.
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0? 2

A BJ

GOOD 2

IC

I I
I 

1I

( W1 WATER W2 F D QI

Figure 4.--Effect of a change in intramarginal and marginal
price

Q2

A B

GOOD 2

C

C W1 W2 E Q1Q1
WATER

Figure 5.---Price change that leads to a switching of blocks
Source: Taylor, p.77.

As Figure 5 illustrates, a price increase could induce

the consumer to drop back to a higher marginal rate class,

i.e., equilibrium switches from one segment to another. In

Figure 5 the budget line ABCD with the equilibrium point G
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which is on the segment CD is changed to be the new budget

line ABCE with the new equilibrium F which is on another

segment BC. It is also evident from Figure 5 that the

demand function is discontinuous, with jumps at the points

where equilibrium switches from one segment of the budget

constraint to another. Switching into a different marginal

rate class can also occur from a change in income, as

depicted in Figure 6.

Q2

AB

I,,I

GOOD 2

G .1
fI I

H L) Q1

Figure 6.--Effect of a change in income
Source: Taylor, p.78.

In Figure 6, when the income increases the budget line

EFGH with the equilibrium point I moves up to be ABCD with

the equilibrium point J. The consumption increases and

moves to the next block. Likewise, the Engel curves are

discontinuous, with similar jumps where equilibrium changes.

A final problem associated with consumer equilibrium in the
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case of a decreasing block price schedule as given by Taylor

is shown in Figure 7.

A B

GOOl) 2

C F

Wt W2 0 Qi
WATER

Figure 7.--Multiple equilibria

There, multiple equilibra result from the case in which

the budget line, ABCD, is tangent to the same indifference

curve at two different points, E and F. Thus it is seen

that for normal indifference curves, there will be

particular configurations of prices for which the demand

functions have more than one value. This is a constraint

conforming to a decreasing block tariff. The demand

function will have multiple values whenever the

configuration of prices yields more than one point of

tangency of the budget constraint with the same indifference

curve.
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Increasing Block Schedule

Although the form of an increasing block tariff does

not exhibit the nonconvexity associated with equilibrium

problems under decreasing block schedules, the presence of a

nonlinear budget constraint nonetheless has implications for

the equilibrium of the consumer and for the demand function

itself. Billings and Agthe (1980) present a comprehensive

analysis of increasing block rates.

A nonlinear budget constraint placed on the consumer by

an increasing block pricing arrangement would conform to the

following rate schedule:

first Wl gallons or less fl/gallon

Wi to W2 gallons jf2/gallon

more than W2 gallons j3/gallon,

where t3 > g2 > il. As with Taylor's analysis, the

classical theory of consumer behavior establishes the

procedure to derive the individual's demand function. In

this price schedule, however, the first block is a function

of consumption rather than the fixed charge Z.

The increasing block rate depicted in Figure 8a is the

supply function facing the consumer. When combined with a

correctly specified demand curve (D), the consumer's

equilibrium quantity Q is determined at marginal price, j3.

The consumer's nonlinear budget constraint resulting from

the increasing block schedule. It is illustrated in Figure



A3

A4L 01)SR
GOODS

8 a

P C

B I D
B

cL

QUA

Sb I I

II

SI

I L

U

NTITY OF
WATER

WI W2 Q M QUANTITY OF
WATERFigure 8.-. -Increasing block rates

8a and 8b. Figure 8a shows the increasing block schedule

represented by line JlBCEFG corresponding with the budget

constraint JKLM in Figure 8b and N is the point of tangency

with the indifference curve I.

Figure 9a illustrates an increase in marginal price

from j'3, to j4 with intramarginal rates held constant. This

causes the final segment of the consumer's budget line in

Figure 9b to rotate inward. Figure 9a shows the increasing

12
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block schedule represented by line ABCEFG corresponding with

the budget constraint MNPR. After an increase in marginal

price from R3 to n4, the new block schedule is changed to be

ABCEHJ and the budget line is also changed to be MNPS,

showing that when marginal price increase, the final segment

of the budget line will rotate, thereby reducing the

equilibrium quantity of water from Q to Q1.

IR IC

(2

0

M

ALL OTHER
GOODS

j

#}

9a

H\K
sa " m w 49M*owtw

-- C E

B

r

1
1

I

I
Q1 Q QU

IN I I

I Ip

U T

WI W2 QI S Q R

D

ANTITY OF
WATER

QUANTITY OF
WATER

Figure 9.--Effect of a change in marginal price
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These equilibrium points trace out a marginal price

consumption curve along which intramarginal block rates are

held constant. If, however, the intramarginal units of

water had all been sold at the marginal price and the

consumer had received the implicit subsidy provided by the

intramarginal block rates, the initial equilibrium would

have remained unchanged at Q units of water. Thus, for a

linear budget constraint, an increase in marginal price

without block rates would result in a much larger predicted

decrease in water use than actually occurs.

Figure 10 describes the situation in which

intramarginal rates increase while marginal price remains at

M4. Initially the equilibrium amount of water used is given

by Q.

An increase in intramarginal rates which changes the

first block price to n2, shifts the budget line resulting in

a new equilibrium for the consumer at quantity Ql. A linear

budget line would arise if the intramarginal block rates all

become equal to g4.1 In Figure 10, when the block rates are

fglBCEFG the budget line is LMNP and the resulting

equilibrium amount of water used is Q. An increase in

intramarginal rates which changes the block to jf2CHIFG

shifts the budget line to LMRS with segment RS parallel to

segment NP, and results in a new equilibrium quantity Ql.

1 If the intramarginal rates became greater than ff4, the
rate structure would shift from one of increasing block

rates to a schedule of decreasing rates.
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0
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ALL OTHER
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Figure 10 .-- Effect of a change in intramarginal price

In Figure 10b, the tangency points between the

indifference curves and budget lines trace a path along

which marginal price is constant and the income effect is

due to variations in intramarginal block rates alone.

According to Billings & Agthe (1980), each tangency between

one of the budget lines and an indifference curve in Figure

lOb depicts an equilibrium quantity where a demand curve

intersects marginal price lT4 in Figure 10a. Each of the

ITITY rOF
lATER
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demand curves in Figure l0a is derived by varying marginal

price while holding intramarginal rates and income constant.

Thus each of the demand curves is shown in Figure 9. The

demand curve in Figure 10a shifts because the intramarginal

rate is changing.

The nonlinear budget constraint resulting from a

multi-part tariff has ramifications in the specification and

estimation of empirical demand functions. Although the

problems associated with an analysis of consumer equilibrium

(and therefore the demand function) in the presence of block

pricing is a legitimate criticism of econometric efforts to

estimate the demand for water, the significance is more

theoretical than practical. Consequently the type of price

that should be included in the demand function to be

estimated has surfaced in the literature as the issue of

primary econometric concern.

The Price Variable Under Multiple-Block Tariffs.

The econometric implications of the presence of a price

structure have been well documented since Houthakker (1962).

Rather than issues of consumer equilibrium, the type of

price that should be included in the demand function has

become the focus of commentators.
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Average Price

Aside from the argument of the classical theory of

consumer behavior, average price suffers from the problem

that when defined ex post as the ratio of total expenditure

to quantity consumed, as is the usual practice, a negative

dependence between quantity and price is established.

Indeed, the rate schedule used by most water utilities has a

tendency to make the average price vary inversely with

consumption. As has been recognized by Halvorsen (1973),

this leads to problems of simultaneity and identification.

When a price schedule with decreasing block tariffs is in

force, the average price of a unit of water will fall as a

customer's consumption increases. This means, in effect,

that.the consumer faces a downward sloping supply schedule,

defined with respect to average price (Taylor, 1975).

Average price provides a correct specification for the price

variable only in the cases where all amounts are purchased

at a constant price. In these special cases, the average

and marginal price for water are the same, and no problem is

created by computing the price in this way. Several studies

of price elasticity of demand for residential water have

defined the price of water in a manner that ignores the

presence of block rates; i.e., they used the average price

(Wong, 1972; Young, 1973; Foster & Beattie, 1979).
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However, in an analysis attempting to explain

differences in water consumption by the variation in the

price of water, the average price is an unsuitable measure

of price because the form of the rate schedule used by most

water utilities has a tendency to make the average price of

water high in cities where consumption is low and low in

cities where consumption is high, independently of any

demand function that may exist (Griffin, Martin & Wade,

1981). Consequently, the relationships between price and

quantity under these conditions would not be demand

functions showing how water consumption varied as a result

of differences in the price of water, but supply functions

showing how the form of rate schedule makes the average

price of water fall as the quantity consumed increases;

i.e., the identification problem (Griffin, Martin & Wade,

1981).

Another reason why the average price is unsuitable as a

measure of price in estimating the effect of price on water

consumption is that the average price is not closely related

to the marginal price faced by a consumer. According to

economic theory, it is the marginal price to which a

customer responds when selecting the level of consumption

that maximizes his utility. The use of average price as the

only price variable in the estimating equation tends to

produce excessively large estimates of the price elasticity
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of demand when block rates occur in the rate schedule

(Billing & Agthe, 1980).

When multiple-part tariffs are in force, the average

price of the intramarginal block paid by the consumers is

the same. It also follows that differences in marginal

price may not be closely reflected by differences in average

price. This problem is particularly severe when marginal

price increases while the intramarginal rates remain

constant. In this case the change in average is smaller

than the change in marginal price since average includes

intramarginal units of water which have not changed in

price. Since fewer units of water will be purchased at the

new, higher marginal price (assuming elasticity of demand is

not zero), it is possible for average price to remain

constant or even decrease in magnitude when marginal price

increases. Consequently, the results of a demand study

using average price as the measure of price are unlikely to

be reliable in predicting the effect of price on water

consumption.

Marginal Price

Although studies have often used average price,

Houthakkar and others argue that a marginal price should be

used in the demand equation, the reasoning being that the

consumer, in achieving equilibrium, equates benefits with

the marginal cost (Houthakkar, 1962; Milliman, 1963;
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Warford, 1966; Howe & Linaweaver, 1967). According to

economic theory, it is the marginal price to which a

customer responds when selecting the level of consumption

that maximizes his utility. The only effect that the

intramarginal prices will have on a consumer's behavior are

income effects.2 While the use of a marginal price for the

price variable has some appeal, it only conveys part of the

information required, since a single price is relevant to a

consumer' s decision only when he is consuming in the block

to which it attaches; it governs behavior while the consumer

is in that block, but it does not, in and of itself,

determine why consumption takes place in that block as

opposed to some other block (Taylor, 1975). Thus, the use

of marginal price alone will also lead to erroneous results

in the presence of block rates.

Taylor demonstrated the problem by illustrating the

impact of price increase on quantity demanded for three

different cases. The impact of the price increase was

divided into income and substitution effect. The income

effect is the reduction in the level of real income

resulting from a price increase, and causes a potential

reduction in outlays for all goods and services. The

substitution effect shows the extent to which the relatively

now more expensive product is replaced in the consumer' s

total expenditure pattern by outlays for other goods and

2 The average price paid by a consumer depends on the
intramarginal price as well as on the marginal price.



21

services. Taylor (1975) considered the following three

cases extending the analysis used in developing the problems

associated with consumer equilibrium under a decreasing

block rate structure:

(1) an increase in the customer charge Z, while

l and n2 remain unchanged;

(2) an increase in 4l, while Z and n2 remain

unchanged;

(3) an increase in n2, while Z and 4l remain

unchanged. (p.78)

These three cases are depicted in Figures 6, 3 and 5,

respectively.

In Figure 6, the increase in z shifts the budget line

downward, and leads to a reduction in the amount of water

consumed. In Figures 3 and 5, it is seen that Q is-decreased

for cases (2) and (3) also. In cases (1) and (2), however,

the reductions in Q are due strictly to an income effect.

That is, an increase in the customer charge or an increase

in an intramarginal price are equivalent in the sense that

they give rise to income effects, but not substitution

effects provided the increase in n is not so large that

equilibrium switches blocks. However, a change in n2, the

marginal price, yields both an income effect and a

substitution effect.
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In view of this analysis, Taylor suggests that both a

marginal and an average price should be included as

predictors in the demand function. However, to avoid the

problems of simultaneity and identification associated with

ex post prices, Taylor states that both quantities should be

taken from actual price schedule, not calculated (p.79).

The average price should refer to the average price per

gallon of water consumed up to, not including, the final

block.3 Alternatively, the total payment for blocks other

than the final one can be used in place of the average

price. Either variable will measure the income effect

arising from intramarginal price changes, while leaving the

price effect to be measured by the marginal price.

The implications of the alternative price variables are

stated explicitly by Taylor (1975):

(1) If average and marginal price are positively

correlated (as is likely to be the case), then

use of one of the prices in absence of the other

will lead, in general, to an upward bias in the

estimate of price elasticity (the omitted variable

problem).

(2) The coefficient on total expenditure up to the final

block should be equal in magnitude, but opposite in

sign, to the coefficient on income (p.80).

3 If aggregate data is used, then the final block of
consumption should be with reference to the "typical"
household.
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The Difference Variable

A modification of the price variables proposed by

Taylor in estimating demand functions for consumers facing a

decreasing multiple-part tariff was made by Nordin (1976).

Nordin suggested that it is inappropriate to use as a

variable, in addition to marginal price (X1), either average

price or total payments for blocks other than the final one

(X2). Nordin recommended a variable equivalent to a

lump-sum payment the customer must make before buying as

many units as he wants, at the marginal price. In other

words, in addition to marginal price, it is appropriate to

use an income effect term to account for that portion of

total water bill above what the bill would have been if all

water consumed had been purchased at the marginal price.

This " Difference" variable is defined as the difference

between the consumer's bill as determined from the rate

schedule and the product of the marginal price and the

amount of water purchased. It is described as the

difference in consumer surplus between what would occur

under uniform marginal pricing and consumer surplus that

actually is experienced by the typical consumer (Billing &

Agthe, 1980). Consumer surplus is larger under increasing

block rates than it would be if all units were purchased at

the marginal price, while it is smaller under declining

block rates than it would be if all units were purchased at
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the marginal price. In the case of increasing block rates,

difference represents a saving to the consumer compared to

what would be paid if all water were priced at the marginal

rate, thereby proving an implicit subsidy for water consumed

in the intramarginal blocks.

Nordin demonstrates that using average price or total

payment for blocks other than the final one may lead to

predicting the same consumption in situations where

different consumptions ought to be predicted. Figure 11

shows the relationship among the relevant variables for the

three different pricing situations. The effect of the price

variable is isolated for illustrative purposes and income is

held constant. In each situation, the marginal price

$/UNITB F

__ J G

H K
AH - -........r.... .. . ..........

.0 ~~~~~Th """""'""
Q(WAT1ER)

Figure ll.--Alternative block rate situations

is Xl=OA. In situation I, the first-block price is IX2a=OB

for the first OC units. In situation II, the first-block



25

price is IIX2a=OD for the first OE units. In situation III,

the first block price is IIIX2a=OD for the first OC units.

(In Figure 11, OB=20D=40A, and OE =20C, so that OBFC=ODGE,

and ABFH=2/3 ADGK= 3ADJH.)

The average price for a block other than the final

block (X2a) has the same value in situation II and III. In

situation I and II, the total payment for blocks other than

the final one (X2b) has the same value.

Figure 12 illustrates the consumer's utility function

and budget lines for water under the three situations.

Extending the facet of the budget line where the point of

tangency occurs, to the vertical axis, describes the

"difference" variable showing X2c as a subtraction from

income. Moving from situation I to situation II to

situation III, the consumer's income remaining after making

a lump-sum payment for the intramarginal units of water is

increased (the consumer's utility likewise increases).

According to Nordin, using X2c with Xl is equivalent to

using Figure 12 correctly, and does not prevent correct

prediction. Using X2a or X2b with Xl does, however,

preclude correct prediction. Using X2a with X1, the same

prediction for consumption would have to be made for

situations II and III, since they have identical Xl and X2a

values; predicted consumption would be between ON and OR.

Using X2b with X1, the same prediction for consumption would
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Figure 12;--The consumer's utility function .& budget line

have to be made for situations I and II, since they have

identical X1 and X2b values; predicted consumption would be

between OL and ON.

Based on this analysis, Nordin modifies the statement

made by Taylor that the coefficient on total expenditure

(X2b) should be equal in magnitude, but opposite in sign, to

the coefficient on income. Nordin states that this is

actually false for X2b, but would be true for X2c. It is

false for X2b since X2b has the same value for situations I

and II which have, in effect, different lump-sum

subtractions from income. It would be true for X2c because

a one unit increase in X2c has the same effect as a one-unit

increase in a lump-sum subtraction from income.
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Empirical Studies of Demand

Taylor's and Nordin's analyses were confined to a

theoretical consideration of a consumer's behavior. The

difference variable has been incorporated along with an

income variable in at least four demand studies (Acton et

al. 1980; Billings & Agthe 1980; Howe 1982). In none of

these has the derivative of the demand function with respect

to difference been both equal in magnitude and opposite in

sign to that with respect to income. This has lead to

various explanations as to the cause of the discrepancy.

Although these models of consumer behavior correctly

specify marginal price and difference as the quantities

determining the amount of water purchased by a consumer

facing a multiple-part tariff, the demand function may not

be estimated correctly by a regression analysis (Griffin &

Martin, 1981). The results will be affected by the form of

the rate schedule with the result that the relationship

between price and quantity indicated by the regression will

not be a demand function, but will be a relationship

resulting from the combined effect of the rate schedule and

the actual demand function. Schefter & David (1985) propose

that one explanation for the unexpected results arises from

the use of aggregate data. The study estimating residential

water demand under multi-part tariffs for the City of Denton

seeks to contribute to the discussion.



CHAPTER III

METHODOLOGY

The most complicated part of estimating the demand

equation is gathering the data, since there are many factors

affecting the demand for water. Failure to include those

important factors may lead to a mispecification. problem that

causes a biased estimation. If the primary data was not

available, proxies were created. The following steps

outline the procedure of gathering the data.

From the population of 12,839 residential customers,

accounts were eliminated to preclude multiple units which

are served by a common water meter and have no significant

irrigable area. This procedure seeks to exclude those

customers who do not pay their own water bills because the

cost is included in rental payments. Moreover, this

procedure prevents an under-estimation of the price

elasticity of demand for water among customers who must pay

individual bills. This screening process was designed to

retain customers served by individual water connections.

Accounts with obvious consumption errors, either zero or

abnormally large meter readings, and insufficient addresses

were also excluded from the original population.
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The remaining customers were randomly selected by using

the random number table. One thousand customers were

selected to be study samples from the remaining customers.

The samples were cross referenced with records at the Denton

County Appraisal District to gather information on house

size, lot size, and the existence of swimming pools. The

presence of a swimming pool was noted to screen these

customers from the sample. The 1984 tax appraised home

values for the remaining customers were gathered for

customers where addresses could be matched to the legal

description and identified by the Appraisal District.

Approximately, 250 customers with complete size and

appraisal information were the basis for data on monthly

water consumption. Water meter reading was based on meter

cycles and did not correspond with a given month. Prior to

May, 1984, there were ten cycles, after that period there

were twenty. Cycles were used to categorize meter readings

for particular areas of Denton from period to period. The

City of Denton Municipal Water Utility maintains customer

billing histories by account number. Beginning with

January, 1976 the following customer information was

gathered from microfilm records:

(1) Cycle Number

(2) Read Date

(3) Days in billing period

(4) Monthly water consumption in gallons
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(5) Billing code

(6) Water Usage in Dollars

Beginning with May, 1984, the billing histories were

obtained from computer files. The last month included in

the consumption data was October, 1985. Many customers were

omitted because of billing errors and a lack of billing

history dating back to 1976. The final data sample

contained 121 customers. The number of monthly observations

was 14,520.

Weather data were obtained from the records of National

Oceanic and Atmospheric Administration (NOAA). Since the

weather data, temperature and rainfall were recorded daily,

an averaging process was used to conform the data to the

consumption data. Since the water consumption was based on

meter cycles and did not correspond with a given month,-

weather data were averaged according to the cycle periods,

depending on which cycle a customer is in.



CHAPTER IV

VARIABLES

Specification of the Variables

All the variables included in the model have their

characteristics and expected signs as follows:

1. The quantity of water used (Q) was obtained from the

city of Denton. The water consumption measured in gallons

per billing period was converted to a 30 day basis in order

that the consumptions would be comparable. The City of

Denton divided the area into 10 units called cycles before

1985, according to the billing area and then switched to 20

cycles. Each cycle a has different billing period that

ranges from 4 days to 62 days.

2. Marginal price (P) was also obtained from the rate

schedule of the City of Denton. The marginal price used to

perform the test was the price which corresponded to the

converted consumption. The reason for using marginal price

in the model is that the marginal price is the price which a

customer considers when selecting the level of consumption

that maximizes his utility, according to economic theory.

Besides, its elasticity combined with that of the difference

variable will explain the total effect on the rate schedule.

The expected sign on the derivative of water with respect to

the marginal price (dQ/dP), is negative.
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3. The Difference variable (D) is defined as the total

bill minus what would have been paid if all water was sold

at the marginal rate (dollars). The difference variable is

also converted to a 30 day basis. The expected sign on the

derivative of water use with respect to difference (dQ/dD)

is also negative for both increasing and decreasing block

rates, assuming that water is a normal good. The

combination of the coefficients on difference and marginal

price will-explain the total effect from the entire rate

schedule.

4. Tax assessed value (Y) used in the model is a proxy

of the income of the household, since this is the best

available proxy. Y is measured in dollars recorded in 1984.

It is assumed that real value of the assessed property value

is constant. The expected sign on the derivative of water

use (dQ/dY) with respect to Y is positive, since water is a

normal good. Theoretically, the magnitude of the

coefficient on income should be equal to that of the

difference, but opposite in sign for an individual demand

equation.

5. Lot size (L) is a proxy of irrigable area. Demand

for water can be divided into two parts: indoor and outdoor

use of water. Indoor demand is the amount of water required

by individual use. Outdoor demand is mainly used for

sprinkling the lawn in the summer time. Sprinkling
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consumption is considered to be the most unstable factor

influencing the demand for water. Lot size is measured in

square feet. The expected sign of the derivative of water

use with respect to lot size (dQ/dL) is positive.

6. House size (H) is assumed to be a proxy for the

number of members in the house is measured in square feet.

The number is used to determine the indoor demand for water.

This may not be a good proxy, but it is the best available

we can obtain. The expected sign on the derivative of water

use with respect to house size (dQ/dH) is positive.

7. Temperature (T), which is one of the most important

factors, is measured in degrees Fahrenheit. Since monthly

data is employed, the temperature variable in the model is

calculated as the average monthly temperature. The average

monthly temperatures for summer ( April to October) in the

Denton area ranged between 60 and 94 degrees Fahrenheit

during the study period (1976-1985). It is well known that

variations in the weather have an extremely strong seasonal

impact on residential water consumption. The expected sign

on the derivative of water use with respect to temperature

is positive, and should be strongly significant.

8. Rainfall (R), another weather variable, affects both

indoor and outdoor water consumption. It has a direct

effect on sprinkling consumption and an indirect effect on

individual consumption by lowering the temperature
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especially in the summer time. Rainfall is measured in

inches and the monthly average must also be calculated from

the data. The average daily rainfall for summer in the

Denton area ranged between 0 and 0.33 inch per day. The

expected sign on the derivative of water use with respect to

rainfall is negative, since rain has an inverse relationship

with water use.



CHAPTER V

QUANTITATIVE ANALYSIS

Demand Estimation

The general hypothesis is that the quantity of

residential water that will be demanded by an individual

family is a function of the price of water, the family's

income, size of the lawn, temperature, and rainfall.

The general form of the model is as follows:

Q=f(P,D,Y,L,H,T,R)

where

Q - monthly water consumption by household. Q is

measured in 1000 gallons per month.

P - Marginal price of water implied by the quantity

Q. P is measured in dollars per 1000 gallons.

Y - Assessed value of household. Y is a proxy of

household income and is measured in dollars based

on 1984 data from the Tax Appraisal District of

Denton.

L - Lot size of household, representing irrigable area.

L is measured in square feet from the records of

the Tax Appraisal District of Denton.

H - House size measured in square feet. We assume

that H can be a proxy for the number of household

members, and would affect the demand for water.
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T - Average daily temperature for the month, measured

in degrees Fahrenheit.

R - Rainfall is officially recorded for the Denton

area. R is the measured average daily rainfall

(in inches) for the month.

Results

The models were tested using both deflated nominal

values of the price and difference variable. Those values

were adjusted by the Consumer Price Index to 1967 = 100.

The reason for using both is that we can compare the

response of the customer due to real and nominal terms. In

comparison, the real monetary values produced substantially

stronger statistical results than that with unadjusted

values.. The following equations are the results of testing.

The numbers in parentheses are t statistic values. The

number of samples is 6330, since only summer water

consumption is used for the study. The level of significance

is 0.05.

The estimated equation for the nominal value is

lnQ= - 10.6950 - 0.32071nP - 0.0143lnD + 0.2938lnY
(-23.69) (-13.12) (-4.16) (12.28)

+ 0.2114lnL + 0.0177lnH + 1.755lnT - 0.3080lnR ... (1)
(.7.15) (0.58) (20.89) (-5.81)

R2 = 0.176, F = 193.39, N = 6330, a = 0.05

The estimated equation for the real value is

lnQ = -11.3706 - 1.5206lnRP - 0.02331nRD + 0.2714lnY
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(-26.14) (-24.71) (-6.97) (11.71)

+ 0.1889lnL + 0.0107lnH + 1.68641nT - 0.035lnR ... (2)
(6.60) (0.36) (20.71) (-5.87)

R2 = 0.228, F = 266.55, N = 6330, a = 0.05

The results above indicate that water consumers respond

to the real terms rather than the nominal terms, since the

model with the real values has a higher F value than the one

with nominal values.

The coefficients on the variables are statistically

significant in both models except for house size (t less

than 1.645 at the a level = 0.05) which is, therefore,

dropped. Its deletion does not significantly change any of

the other coefficients, and has no effect on the explanatory

power of the model. Thus, the conclusion can be drawn that

house size which assumably is a proxy of the number of

persons in the house has no effect on the water consumption.

That is incorrect. Therefore, the assumption that house size

is a proxy for the number of persons in the house is

incorrect too, because individual use of water is usually

fixed.

After dropping the house size variable, the estimated

equation with real values is

lnQ = - 11.3841 - 1.5210lnRP - 0.0233lnRD + 0.2764lnY
(-26.17) (-24.73) (-6.97) (14.82)

+ 0.1934lnL + 1.6864lnT - 0.0302lnR .. . (3)
(7.47) (20.72) (-5.87)
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R2 = 0.228, F = 310.99, N = 6330, a = 0.05

The total explanation of variance is quite low, but one

would expect it to be in a regression of this type based on

individual household behavior. Each of the coefficients in

the equation (3) is significantly different from zero at the

0.05 level or better.

The theoretical restriction on the coefficients is in

terms of derivatives. Thus, the coefficients in the log

model must be converted from elasticities to derivatives.

Since the elasticities are:

'Y = dQ x Y
dY Q

ID = dQ x D
dY Q

where Y,Q,and D are mean values,- this can be

accomplished by multiplying the log coefficient by Q/Y for

income and Q/D for difference. The resulting derivatives

are:

dQ/dD = -0.2277

and dQ/dY = 0.000073

Theory suggests that the coefficients in term of

derivatives on D and Y should be -equal in magnitude and

opposite in sign, since each measures a pure income effect.

The coefficients on income and difference do have the

expected signs, but the coefficient on D is much greater

than that on Y. There are several possible reasons for this

discrepancy as follows:
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1. The difference variable is, on average, only

0.007 percent as large as Y and may be too small to have any

significant impact on the consumer's perception of income.

2. There is a problem arising from the use of

tax assessed value data, assuming that is a good measure of

income. The data is annual and constant in each household.

The magnitude of the coefficient on Y can not be expected to

be equal to that on D.

3. Consumers may respond differently to a change

in income than to an income effect arising from the

intramarginal block rate structure. This may result from a

change in D focusing attention on the cost of water while an

equal change in income does not.

The estimated price and difference elasticities from

the models must be interpreted with care, since most price

changes will cause changes in the value of both P and D. If

the rate schedule shifts upward so that all rates rise by

the same amount, keeping the value of D fixed, the

elasticity with respect to marginal price describes the

entire impact. If only the rate in intramarginal block

increases, leaving P constant, the elasticity with respect

to difference describes the entire impact. In all other

cases, the value of both variables will change and both must

be taken in to account to assess the impact of a rate change

on water use.
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For a uniform proportional change in the entire rate

structure, the consumer response can be obtained by adding

the marginal price and difference elasticities. In this

model the total effect of the whole rate structure is

-1.5443 (elasticity on P = -1.5210, and that on D =

-0.0233).

The price elasticity of demand for water is estimated

as -1.52. It can be interpreted that the change in quantity

is about 50 percent greater than the change in price,

implying that water consumers seem to respond to the rate

structure.

The coefficient on lot size shows that the percentage

change in lot size will change the quantity of water

purchased by a lesser percentage. If; the lot sizes change

by 1 percent, the quantity of water use will change by only

0.19 percent, which is not much compared to the effect of

the weather variable, or the temperature variable.

Temperature has the greatest effect on the water

consumption. The coefficient on T variable is greater than

those of any other variables as expected. Denton is

considered to be a warm area especially in summer. The

average monthly temperature is 780 Fahrenheit, while the

minimum and maximum average monthly temperatures are 600 and

940 Fahrenheit, respectively. For a 1 percent increases in

temperature, water consumption will increase by 1.68

percent.
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Normally, rainfall will mainly have an inverse effect

on the outdoor water use and indirectly affect indoor water

use by lowering the temperature. In the model, since there

is not much variation in the rainfall data especially during

summer, while the water consumption is fluctuating, the

coefficient on the rainfall variable is, therefore, low.



CHAPTER VI

CONCLUSIONS

Several previous studies of price elasticity of demand

for residential water have debated on the correct

specification of the price variable when block price

scheduling is used, since the price is an important

component affecting consumer behavior. Increasing real

prices bring about lower use. There is evidence that the

public is not fooled by nominal price increases, despite its

general distaste for any increase at all.

During the period of study, the rate schedules in the

Denton area have been changed many times. In the first five

years (1976-1980), a decreasing schedule was used without

fixed charges. Starting in 1981, the City of Denton used an

increasing block schedule and introduced a fixed charge

which is called the customer charge per month. Besides, the

City of Denton divided the periods of water use into 2

parts: summer (May through October) and winter (November

through April) in which the winter use of water is charged

by flat rates, but in summer, the increasing block rates are

used. From 1984 to the present, the City of Denton changed

the customer charge to a facility charge that charges the

customer by the size of meter depending on level of

42
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consumptions. The total effect on the entire rate schedule

is -1.54 according to the result. It implies that when the

whole rate schedule is increased by 1 percent, water

consumption will decrease more by 1.54 percent. That

indicates that consumers seem to be well-informed concerning

changes in the rate schedule.

But price is not the only variable affecting consumers

behavior. Since weather is such an important variable

affecting water use as the testing shows, omitting the

climate effect may lead to amispecification problem.

According to the result of the test, temperature seems to

have the greatest effect on water demand. Water use follows

the rise and fall of temperature. Rainfall, as mentioned

earlier, does not vary greatly. Thus, since the fluctuation

in water consumption is large, the effect of rainfall is,

therefore, very small.

For the income variable, since we use the tax assessed

value which is a yearly data as a proxy, the magnitude of

coefficient on income cannot be expected to be equal to that

of the difference variable. However, the finding is that

the level of income has some effect on water consumption as

we move along to the higher income level. The consumption

is increased as well. The increase in level of income can

even move the consumption to another block of rates schedule

which is another marginal price.
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Lot size has some impact on water demand, since the

variation of customer use of water mostly comes from outdoor

water use for sprinkling and cooling. Customer's peak

demand for water is largely determined by the extent of

outdoor water use.

Finally, the theory of residential demand for water or

other services which have the same problem of multipart

tariff has advanced substantially and can now guide us to

more appropriate model specifications that at least

partially account for effects of the entire rate structure.

The exact interpretation of the difference variable,

however, and the rationale for the magnitude of its

estimated coefficient remain something of a mystery as long

as a good proxy for individual income is still lacking.



Appendix A

RATE SCHEDULES FOR RESIDENTIAL USERS IN DENTON

12/1/84 to present

(ordinance 84-137)

Winter

(Billing Months of

Nov. through April)

Summer

(Billing months of

May through October)

Facility Charge

3/4" Meter

1" Meter

1 1/2" Meter

2" Meter

Volume Charge

$4.. 50/Month

$5.25

$8.25

$9.00

$l.45/1,000 gallons

$4.50/Month

$5.25

$8.25

$9.00

$1.45/1,000 gallons up

to 20,000 gals/mo.

$1.80/1,000 gallons

over 20,000 gals/mo.

2/23/84 to 11/30/84

(ordinance 84-09)

Winter

(Billing Months of

Nov. through April)

Summer

(Billing months of

May through October)

Facility Charge

45
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3/4" Meter $4.25/Month $4.25/Month

1" Meter $5.00 $5.00

1 1/2" Meter $7.75 $7.75

2" Meter $8.50 $8.50

Volume Charge $1.30/1,000 gallons $1.30/1,000 gallons up

to 20,000 gals/mo.

$1.60/1,000 gallons

over 20,000 gals/mo.

6/1/83 to 2/22/84

(ordinance 83-52)

Customer Charge $3.25 per 30 day billing period

Winter Volume Charge (October - May):

All consumption $1.22 per 1,000 gallons

Summer Volume Charge (June - September):

0-20,000 gallons $1.22 per 1,000 gallons

Above 20,000 gals. $1.42 per 1,000 gallons

5/1/82 to 5/31/83

(ordinance 82-17)

Customer Charge $3.25 per 30 day billing period

Winter Volume Charge (October - May):

All consumption $1.10 per 1,000 gallons

Summer Volume Charge (June - September):

0-20,000 gallons $1.10 per 1,000 gallons
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Above 20,000 gals. $1.30 per 1,000 gallons

5/7/81 to 4/30/82

(ordinance 81-46)

Customer Charge $3.00 per month

Winter Volume Charge (October - May):

All consumption $1.00 per 1,000 gallons

Summer Volume Charge (June - September):

0-20,000 gallons $1.00 per 1,000 gallons

Above 20,000 gals. $1.15 per 1,000 gallons

7/1/17 to 5/6/81

(ordinance 78-24)

Monthly Customer Charge $2.10 per month

0-10,000 gallons $ .90 per 1,000 gallons

10,000-50,000 gallons .75 per 1,000 gallons

above 50,000 gallons .70 per 1,000 gallons

6/21/77 to 6/30/78

(ordinance 77-27)

First 20,000 gallons or less $3.25

Next 18,000 gallons .65 per 1,000 gallons

Next 30,000 gallons .55 per 1,000 gallons

All over 50,000 gallons .50 per 1,000 gallons
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11/4/75 to 6/20/77

(ordinance 75-36)

First 20,000 gallons or less $2.95

Next 18,000 gallons .60 per 1,000 gallons

Next 30,000 gallons .50 per 1,000 gallons

All over 50,000 gallons .42 per 1,000 gallons

7/1/72 to 11/3/75

(ordinance 72-25)

First 20,000 gallons or less $2.45

Next 18,000 gallons .50 per 1,000 gallons

Next 10,000 gallons .45 per 1,000 gallons

Next 20,000 gallons .38 per 1,000 gallons

Next 50,000 gallons .35 per 1,000 gallons

All over 100,000 gallons .34 per 1,000 gallons

r wrrr-at.r- - o- - - -- - - -- - - -- .-- -- -- ------------------



Appendix B

AVERAGE MONTHLY RAIN AND TEMPERATURE IN DENTON

Avg.
rain/day
(inches)

Avg.
Mo/Yr

4/76
5/76
6/76
7/76
8/76
9/76

10/76
4/77
5/77
6/77
7/77
8/77
9/77

10/77
4/78
5/78
6/78
7/78
8/78
9/78

10/78
4/79
5/79
6/79
7/79
8/79
9/79

10/79
4/80
5/80
6/80
7/80
8/80
9/80

10/80
4/81
5/81
6/81

Max.
rain/day
(inches)

1.26
2.35
1.92
0.84
1.28
0.56
1.38
1.28
0.52
1.15
0.65
2.37
0.34
0.87
2.62
2.00
0.60
1.68
1.54
0.50
0.07
1.03
1.41
0.46
0.80
0.90
0.74
1.44
0.75
1.47
1.23
0.12
0.28
2.67
2.30
1.45
1.86
1.12

Min.
rain/day
(inches)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Avg.
temp/day

(F)

65.133
68.484
79.033
82.323
84.355
76.267
60.419
66.900
76.968
84.367
87.355
85.194
81.700
66.839
67.367
73.387
81.800
88.645
84.807
80.367
69.064
64.633
69.839
81.300
84.839
82.774
77.200
71.645
63.333
75.129
87.267
92.226
88.774
80.567
65.581
69.400
70.710
80.567

Max.
temp/day

(F)

74
76
87
89
90
84
78
75
85
88
93
91
89
86
80
82
89
92
90
89
82
74
79
92
89
87
85
84
76
87
97
96
93
88
81
80
83
87

Min.
temp/day

(F)

58
58
72
77
79
65
46
57
61
77
83
78
72
54
54
47
63
80
74
71
60
50
56
70
77
74
68
57
47
62
77
87
82
58
46
55
60
71

49

0.215
0.242
0.106
0.097
0.047
0.056
0.109
0.094
0.034
0.058
0.035
0.135
0.022
0.056
0.121
0.188
0.032
0.060
0.064
0.044
0.004
0.107
0.182
0.039
0.059
0.113
0.044
0.092
0.044
0.108
0.074
0.005
0.009
0.271
0.122
0.104
0.282
0.109
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Avg.
Mo/Yr

7/81
8/81
9/81
10/81
4/82
5/82
6/82
7/82
8/82
9/82

10/82
4/83
5/83
6/83
7/83
8/83
9/83

10/83
4/84
5/84
6/84
7/84
8/84
9/84

10/84
4/85
5/85
6/85
7/85
8/85
9/85

10/85

Avg.
rain/day
(inches)

0.137
0.039
0.184
0.757
0.072
0.674
0.157
0.101
0.021
0.023
0.055
0.016
0.163
0.039
0.064
0.071
0.003
0.311
0.030
0.085
0.047
0.022
0.156
0.005
0.157
0.188
0.118
0.140
0.096
0.010
0.141
0.145

Max.
rain/day
(inches)

3.32
0.47
1.45
5.73
0.89
7.30
1.10
2.00
0.20
0.45
0.80
0.21
1.54
0.34
0.83
1.92
0.05
6.25
0.30
1.15
0.66
0.57
1.49
0.10
0'.86
3.00
2.54
1.37
1.16
0.30
2.50
1.20

Min.
rain/day
(inches)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Avg.
temp/day

(F)

86.097
83.613
76. 367
66.258
62.700
72.839
79.600
84.806
86.903
78.400
67.129
60.833
69.839
77.667
83.774
85.193
77.300
68.000
64.033
73.935
82.733
85.774
86.032
76.267
66.677
67.367
74.258
80.367
84.613
87.774
77.967
67.581

Max.
temp/day

(F)

89
91
82
84
76
85
88
89
90
89
82
80
79
84
88
90
86
84
78
84
90
91
92
88
79
75
90
87
89
92
90
80

Min.
temp/day

(F)

81
74
60
49
47
60
69
75
80
64
49
48
58
63
77
77
57
58
51
60
74
78
76
56
53
57
67
71
78
82
54
56

||
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