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ABSTRACT 

Given Tucson Water's physical supply and institutional constraints and the utilities 
expressed interest in becoming a more efficient operation, rate schedules may be a most 
important management tool. A rate schedule based on consumer's true marginal willingness 
to pay expressed in accurate demand estimation would provide such a tool. 

This work examines the practical applicability of a model developed by James 
Opaluch for the Tucson are using data from a random sample of 46 single family households. 
The model allows for the relaxation of classical assumption that consumers have perfect 
information about the goods and services they purchase. It provides empirical evidence 
relating to the price and difference model as it relates to theoretic subsidization inherent in 
block rate structures and examines the effectiveness of the current increasing block rate in 
regards to consumer's perception of price elasticities. 
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CHAPTER 1 

INTRODUCTION 

Tucson Water currently supplies water to about 498,200 

customers both in and outside of the city limits. Its 

service population is expected to increase 223% to over 

1,610,600 by the year 2035 as it absorbs customers of 

currently private companies, concurrent with a population 

growth in the surrounding area of approximately 184%. This 

rapid population growth will continue to exert pressure on 

the department's efforts to meet its traditionally stated 

objective of satisfying all demands in the most cost 

effective manner. The utility's increased interest in 

becoming a more efficient operation (Ten Year Capital 

Management Plan ,1986) in an effort to meet these future 

demands subject to the physical supply and institutional 

constraints (mainly the Groundwater Management Act of 1980) 

has led to a debate as to the role rate schedules may play 

as an effective management policy. If a close approximation 

of a consumer's marginal willingness to pay can be captured, 

a rate schedule that more accurately reflects the value 

marginal product of water can be derived. Imperative in the 

formation of such a rate schedule is the estimation of a 
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demand curve which accurately reflects consumers' marginal 

willingness to pay for additional units of water. Tucson 

Hater's rate schedule has evolved to an increasing multiple 

part tariff in which the price of one unit of water rises as 

a customer's consumption increases within a billing period. 

The proper specification of price in the demand equation for 

goods sold under increasing multiple part tariffs is an 

empirical question to be examined on a case by case basis 

because consumer response varies in relation to the degree 

of information they possess about price schedules. A well-

informed consumer will, hypothetically, respond to marginal 

price. 

An increasing multiple part tariff provides an implicit 

subsidy to consumers. Nordin (1976) demonstrated that the 

proper measure of price for block-priced goods should 

include the difference between a consumer's actual 

expenditure and what he would have paid if every unit was 

sold at the marginal price. This "difference" is an income 

effect and may be viewed as a lump sum addition for 

increasing block tariffs to a consumer's income. However, 

it is possible that complex multiple part tariffs may 

confuse the consumer, leaving him ill-informed and unable to 

respond to marginal price. Consumers may be aware only of 

total expenditures and respond instead to average price. 

Block pricing structures complicate demand estimation 
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because of this lack of a universal measure of price to which 

all consumers respond. 

Opaluch (1982) developed a model that allows for the 

relaxation of the classical assumption that consumers have 

perfect information about the prices of goods and services 

they buy. His utility maximizing framework when expanded to 

n pricing blocks yields the demand equation 

Q=B0+B1Px+B2Pn+B3j PnJQ/oj+B^Y- I(Pi-Pn)Qi 

where 

Q*. volume of water purchased 
Px: index of other relevant prices 
Pn: water rate in block n, the block 

where consumption occurs and is the 
marginal price variable 

Pi: rate in block i; i<n 
Qj.: volume of water purchased in block i; 

i<n 
Y: income of the consumer 

Hypothesis tests can be developed from this model in order to 

test whether observed behavior corresponds to a model where 

consumers respond to averace price, the theoretically 

expected response to marginal price, or to neither of the 

two. The possible test results and their implications are 

summarized in Table 1.1. If, for example, consumers are 

well-informed, they are responding to marginal price in 

their consumption decisions, and the coefficient on B3 will 

not differ significantly from zero. The only consumption 
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TABLE 1.1 

A SUMMARY OF THE POSSIBLE TEST RESULTS 

FROM OPALUCH/S MODEL 

OUTCOME TEgT IMPLICATIONS 

1 B3=B0 and B2=B3 Marginal Price Model 

2 B3#0 and B2=B3 Average Price Model 

3 B3=0 and B3=BJ=0 No Price Response 

4 B3=o and B3=B2 (B2#0) Indeterminant 

5 B3#0 and B2#B3 General Decomposed Model 
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response to a price change would be represented by B2, as 

shown in Outcome 1, reducing the demand equation to the 

Nordin modified version of the Taylor (1975) demand model 

for goods subject to block rates. If B2 = B3, as shown in 

Outcome 2, the consumer is responding to. average price. 

Outcome 3 is self-explanatory. The indeterminant reaction 

shown in Outcome 4 suggests either a mix of average and 

marginal price response or the existence of weak data. 

Outcome 5 is a more general model of consumer behavior where 

neither of the two proposed price responses may be rejected. 

Goods subject to block rates may present another 

difficulty in the demand estimation process in that 

simultaneous equations bias may exist. Biased and 

inconsistent estimators may be produced using OLS if there 

is a correlation between the error term and one or more of 

the independent variables, a violation of a basic assumption 

of the OLS method. The prices (average and marginal) depend 

upon the quantity consumed which one would expect to depend 

upon the administrative pricing schedule faced by the 

consumer. Causality goes in both directions. The error 

term is dependent upon the differences in usage across 

individuals and therefore is correlated with values of the 

right hand side variables. 

The main objective of this work is to examine the 

practical applicability of Opaluch's model for the Tucson 
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area by conducting a preliminary assessment of the 

availability of data necessary to the model's successful 

employment. Although the model provides a conceptual 

framework from which to test for the correct measure of 

price in the demand for water, individual consumption and 

income data has been difficult to obtain in similar study 

areas (Martin, et al 1985). 
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CHAPTER 2 

LITERATURE REVIEW 

There has been an ongoing discussion in the literature 

concerning the proper method of deriving a demand function 

for goods subject to block rates. Most of the analyses have 

evolved from the model of consumer behavior developed by 

Taylor (1975) as modified by Nordin (1976). Taylor's and 

Nordin's theoretical models demonstrated that there are two 

components of a demand function for goods priced under a 

multiple part tariff. The first component is the marginal 

price faced by the consumer. The second price-related 

variable is the difference, D, between the consumer's bill 

as determined from the rate schedule and the product of the 

marginal price and the amount of the good that was 

purchased. This difference is an implicit subsidy to the 

consumer. Assuming perfect information, it is a combined 

measure of price and difference to which a utility 

maximizing consumer would respond. 

Several theoretical and empirical refinements of and 

additions to the Taylor and Nordin price and difference 

model have been proposed. Suggestions on the proper method 

of expressing price in demand functions for goods subject to 
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subject to block pricing include Nbrdin's marginal price and 

lump sum difference, average price, and marginal price. 

Billings and Agthe (1980) were the first to attempt 

to empirically extimate the Taylor-Nordin model using data 

from Tucson. Their model separated the effects of a price 

increase into substitution and income effects. Their demand 

model was of the following general form: 

Q = f (MP,D,S,Y,W) 

where 

Q: volume of water purchased 
MP: the change in price for the final units of 

water purchased 
D: difference; actual water and sewer use bill 

minus what would have been paid if all water 
was sold at the marginal price 

S: implicit marginal sewer charge 
Y: income per household 
W: weather variable; evapotranspiration minus 

rainfall 

The sewer charge was a fixed fee determined by a customer's 

historical winter water use. This charge is added to the 

consumers bill each month, at the time the study was done. 

The consumer may not have been aware of the complex process 

involved in computing the sewer charge and may not have been 

able to respond to the marginal price. Billings and Agthe 

used the sewer charge variable as an indicator of the level 

of consumer awareness of the variables affecting marginal 

price. If the coefficient on S was significant and 

negative, the consumer was aware of rates. If consumers 



viewed the sewer charge as a mere lump sun increase in their 

monthly water bill, they were unaware of the sewer charge 

and the coefficient on S would not differ significantly from 

zero. 

Billings and Agthe skirted around the issue of the 

degree of information as a deciding factor in the choice of 

price variable(s) in a demand equation. They failed to 

provide proper empirical evidence because of their use of 

aggregate data and exclusion of the simultaneity issue. 

Griffin and Martin (1981) in a comment on Billings and 

Agthe argue that this study of demand for water in Tucson 

led to biased empirical estimates because the explanatory 

variables of their model, marginal price and difference, are 

not independent of the error term. Martin and Griffin 

hypothesize that the use of average price led to the 

exaggeration of the price elasticity for water. Use of 

marginal price alone would also be an erroneous 

representation of the price variable in the demand equation 

because of the implicit subsidy an increasing block rate 

provides. 

Billings and Agthe defended their use of OLS by 

hypothesizing that data from Tucson had certain 

characteristics that tended to minimize the potential bias. 

They felt that the infrequent change from one use block to 

another and the high correlation between shifts from one 
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block to another with the weather variable, minimized 

measurement error associated with.o. Given that these cases 

were not often observed, they were simply removed from the 

data set. Although they felt that these characteristics 

combined with the strong statistical significance lend 

credibility to their results, it was acknowledged that 

further research is needed to provide conclusive evidence. 

Theory suggests that the coefficients on D and Y should 

be equal in magnitude but opposite in sign because each 

measures a pure income effect. Billings and Agthe find that 

the variables had the correct sign but were significantly 

different in magnitude. This is a common empirical finding 

(Foster and Beattie [1981b], Howe [1982], and Jones and 

Morris [1984]). Billings and Agthe state that a possible 

reason for this result is their use of aggregate data. 

Stevens, Adams and Willis (1985) in a comment on Polzin 

(1984) argue that disaggregate data for individual as 

opposed to aggregate households must be used in comparisons 

of price specifications. They show that the true effect of 

a change in marginal price will be understated if 

disaggregate data are not used. 

In a recent article, Schefter (1987) provides an 

additional explanation for these empirical inconsistencies 

with Nordin's theory. Increasing block rate tariffs are 

faulty transmitters of marginal willingness to pay (MWTP). 



The problem stems from the possibility that a consumer may 

not be able to adjust quantity demanded so as to equate MWTP 

with price if his true MWTP is higher than a preceding block 

or lower than the next. For consumers falling into this 

price gap, the observed marginal price is an incorrect 

measure of the true MWTP and may also explain, in part, the 

failure to obtain hypothesized results in most demand 

studies using Taylor/Nordin demand specification. These 

erroneous measures do not have a zero mean and are not 

independent of the MWTP which may bias the demand function 

parameters, invalidate hypothesis tests, and produce 

incorrect estimates of price and income elasticities. 

Billings (1982) provides an alternative estimating technique 

stating that simply removing cases which may have 

measurement error will not be universally applicable and is 

therefore unsatisfactory. He applies an estimating 

technique developed by Taylor, Blattenberger and Rennhack 

(198i) to the Tucson data from the 1980 study. This method 

circumvents the systematic bias which may arise from using 

observed quantities to determine values for the price and 

difference variables directly from the rate schedule. A 

total revenue function is regressed against each of the rate 

schedules. The slope of this function is the marginal price 

variable, the intercept is the difference variable. There 

is no bias because the values of these parameters are 
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constant for each rate schedule, simulations done using 

this model show that price-related variables exhibit no bias 

while non-price variables are biased towards zero. 

Applying this estimating technique to the Tucson data 

produced results which tend to uphold Martin and Griffin's 

contention that the coefficient on marginal price was 

underestimated and that for difference overestimated when no 

correction for the bias is made. All non-price variables 

were similar to the original study's estimates which may be 

evidence against existence of bias for these variables. 

Further research is needed to provide more evidence on these 

issues. 

The marginal price and difference model is not accepted 

as the model which best explains consumer behavior under 

block pricing. Foster and Beattie (1979) used average price 

in their study of demand for water. In their response 

(1981) to a comment by Griffin, Martin and Wade (1981), they 

argue that their price variable choice is appropriate 

because the marginal price and difference model is not 

practical. Their defense of the use of average price rests 

on the assumption that consumers are not well-informed and 

therefore cannot respond to marginal price as economic 

theory predicts. 

Griffin, Martin and Wade claim that Foster and Beattie 

did not deal with the identification problem. The 



19 

identification problem arises when there is a chance that 

observed price and quantity relationships simply reflect the 

rate schedule and thus are reflective of a supply rather 

than a demand curve. The explanatory variables are not 

independent of the error term. The larger the variance of 

the error term becomes, the less elastic the demand curve 

appears in relation to its actual elasticity. If the 

variance becomes very large, the estimated demand curve can 

rotate so as to appear to be a supply curve. 

The existence of the identification problem is a much 

debated subject in the literature. Several empirical 

studies (Howe and Linaweaver [1967], Jones and Morris 

[1984], Billings [1983]) present evidence which supports the 

use of OLS demand estimators because they may be as reliable 

as any other technique. Again the results of this 

theoretical debate are contingent upon further empirical 

evidence. 

' Opaluch (1982) suggests that the proper measure(s) of 

price is an empirical question. In his reply (1984) to 

Chamey and Woodard's comment (1984) on his utility-

maximizing model which allows the researcher to determine 

the appropriate measure of price on a case by case basis, he 

clarifies much of the confusion present in the literature. 

This confusion stems from a lack of integration between 
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theory and estimation. In order to emphasize the importance 

of integrating theory and estimation, he outlines explicit 

assumptions with reference to the character of the data used 

in the estimation process. Assuming cross-sectional 

microdata for consumers within a single billing period, a 

crucial point is that consumers may not face the same rate 

schedule even though they may face different marginal prices 

associated with different quantities. Charncy and Woodard 

suggest modifications to his test. They feel the use of a 

lagged rather than current average price variable is 

appropriate because use of current average price requires 

"knowledge of the current rate structure, one's own demand 

curve, and the ability to solve simultaneous equations!" 

This would in fact describe a well-informed consumer who 

would respond to marginal not average price.• They feel that 

uninformed consumers will base decisions on past total 

expenditures and total consumption from past bills, in 

effect respond to lagged average price. Opaluch replies 

that consumption by individuals is highly correlated over 

time, leading to a fairly stable average price. Relative 

consumption between individuals will also be fairly 

constant. The correlation between consumption and current 

average price and lagged values will likely be similar. 

Opaluch states however, that there is no single "correct" 

measure of price and the difference between lagged and 
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average values is an empirical question warranting further 

examination. 

Chicoine and Ramamurthy (1986) use the model as 

developed by Opaluch to test empirically the price 

specification issue using household level data from rural 

Illinois water district customers. They conducted a 

telephone survey of 100 customers of Illinois's 59 rural 

water districts with a stratified random sampling procedure. 

Based on empirical evidence cited above and the realization 

that the greatest shift in demand occurs when consumption 

moves from block one to block two, they rejected the 

existence of simultaneity and identification problems and 

applied OLS to observations in blocks two and above in their 

determination of the appropriate price variable. Omitting 

variables may produce sample selection bias but is not 

relevant given the stated objective of the analysis. 

Monthly expenditure and consumption data were used to 

estimate the demand for water with combined cross-sectional 

and pooled time series data. Their model was as follows: 

Q i t  -  B o  *  £  B i  +  B Z P l l t  +  B 3 P 2 i t  +  B
t I N C i t  

t  
+ BsNUMRESi + B6BATHi + eit 

where 

Qlt: water consumed by household i in month t 
M*: monthly binary variable where t=l for 

JAN., t=2 Feb.... 
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Pllt: marginal price paid by ith household in 
month t 

P21t: second decomposed price variable for ith 
household in month t 

INClt: monthly income of household i less the 
income effect of the block rate structure 
(Nordin's D) for month t 

NUHRESj: size of household i measured by number of 
persons 

BATHj: number of bathrooms in household i 
elt: random vector distributed as N(0,I) 

The coefficients on the two price variables were 

statistically different from each other at the five percent 

level allowing rejection of the hypothesis that the average 

price model is the correct one. These results support the 

use of a decomposed measure of average price as the proper 

specification of price in this model of consumer demand for 

water. 

Chicoine and Ramamurthy call for further empirical 

evidence on both the simultaneity issue and for the 

development of a more universally applicable model of 

consumer behavior for potable water. Total expenditures on 

water in Illinois were found to be only 1.3% of the monthly 

income of the rural districts' customers. They hypothesize 

that when a greater proportion of a consumer's income is 

being spent on water than in this Illinois study, consumer 

response will likely tend towards the marginal price model. 
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CHAPTER 3 

THEORETICAL BACKGROUND 

Opaluch's demand model is based on the assumption of 

utility maximization by a consumer. This section presents 

the derivation of a general demand equation from this 

utility theoretic framework following Opaluch (Staff Paper 

1981) . 

DERIVING THE DEMAND EQUATION 

Assume that a perfectly informed, utility maximizing 

consumer purchases a good, W, which is subject to an 

increasing two part tariff. The first units of this good, 

Wlf command a price P^ Additional units are priced at a 

higher price, Pa. The problem as faced by the consumer can 

be expressed as 

Max U(X,W) 
S.t. Y = P„X + PiWi + PafW-WJ 

where 

Y: consumer's total income 

X: all other goods 

P„: unit price of X 

W: quantity consumed intramarginally. 

Wx: Marginal quantity consumed 
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and the utility function is assumed to be twice continuously 

differentiate and quasi-concave. The Lagrangean 

specification of the problem is 

L -  UU.W) +  A.  [y -P J C *-P 1 V 1 -P 2 (W-W 1 ) ]  .  

First order conditions are then 

d L / d X  -  0  -  d U / B X  -  \ P X  

B L / d W  -  0  -  d U / B W  -  k P 2  

d L / B k  -  0  -  y  -  P ^ X  +  +  P 2 ( W - W 1 )  

which can be rewritten as 

y  -  i P x - P 2 )  W x  -  P ^ X  +  P 2 W  

The individual sees Y, PI ,  P2  and W1 as parameters. Given 

this formulation, (Pi-P2)Wi will be viewed as a lump sum 

increase in income. Assuming that the final block of in 

which consumption takes place is block 2, PK/ P2 and 

Y-(Pi-Pa )Wi are the theoretically correct price variables for 

the demand equation. The first order conditions allow the 

derivation of the Marshallian demand functions in the form 

X = X"(X,Pi,Pa, Y) 

W = W(X,Px,Pa,Y). 

Plf the non-marginal price variable, causes the consumer to 

react as specified in the following identity 

w a  ( p x , p 1 , p 2 , e ( p x , p 1 , p 2 , T d  - W u { p x , p 2 , r 0 )  
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where W"(.) is the Marshallian demand function. Income is 

replaced with E(.), the expenditure function, and U 

represents a base utility level, creating compensated demand 

functions. Differentiating the above identity with respect 

to PI gives 

d W a / d P 1  +  ( B W a / d E )  ( d E / d P j  - 0 

Differentiating the expenditure function yields 

d E / d P 1  -  W 1 .  

Therefore 

d W B { . ) / d P 1  -  / d Y )  

meaning the "total effect of a change in Px on the quantity 

demanded is the income effect" (Opaluch 1981). Thus a 

consumer's response to a change in Pi is dependent upon the 

income effect and Wx or the amount of the good purchased at 

the lower price. 

' Suppose a consumer reacts to average price. The 

problem he faces is: 

Max U(X, V) 
s . t .  y  -  p j  +  p a w  

where 

P a  -  P j t f j  +  P 2 ( W - W l ) / W ~  P 2  +  ( P ^ P j W j W  
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and is the average price of the good subject to the 

increasing block rate structure. The consumer incorrectly 

perceives that P. is fixed yielding the Lagrangean: 

L  -  U [ X ,  W )  +  u l Y - P x X - P , } * )  .  

The first order conditions are 

dL/dX -  0  -  du/dx  -  \ iP x  ( 4 )  

dL/dW - 0 - dU/dP a  - jiPa (5) 

BL/B\l - o - y - P^X + PaW ( 6 )  

Dividing (4) by (5) gives 

3P/3* . p /p 
du/dw x /  a  

From above 

dU/dX m  p  / p  

dU/dW x /  2 '  

Assuming there is no fixed minimum charges, P2 > P. and 

more of the good will be purchased if consumers respond to 

average price rather than to the full rate structure. 

In order to classify a consumer's reaction to a change 

in Pi for the average price model, differentiate the 

identity 

W-(P,,P.,E(PX,P.,U),U) = WU(P,,P.,U) 

with respect to PA, yielding 



( d W / B P J  ( B P j d P j  +  ( 8 W * / B E )  ( 3 P J B P J  -  ( d W u / B P a )  ( B P J B P X )  

which can be rewritten as 

(bw a / d P a )  (BpJBpJ + ( d W t t / d E ) W { W 1 / W )  -  ( d W u / d P a )  wjw  

therefore 

( 3 w B / d P a )  (BpJBpJ -  ( d W u / d P a )  W j W  -  ( W 1 ( d W a / B Y ) )  

This clarifies the fact that the coefficient on Px in the 

demand equation will be independent of W, and dependent on 

Wi and the income effect only if 

BwJdP a  -  kW 

where k is some constant. A reaction such as this which is 

independent of total water use would uphold the hypothesis 

that the consumer is responding to the block rate structure. 

If consumption is related to total water use, it would 

appear that the consumer is reacting to average price only. 

In this manner, the hypothesis concerning the proper 

measure(s) of price to which consumers react can be 

empirically tested. 

Given the Marshallian demand function 

W -  W a ( P x , P l f P 2 , Y . T \ )  
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where q is a stochastic tern which represents all effects 

not explained by the explanatory variables. A linear demand 

function may be approximated as follows: 

W' W 0  + (Bw a /dP x )P x  + (dW B /dP 1 )P l  + (dW m /dP 2 )P 2  (  

+ (dWm/dY) y + e 

where e is 

N ~ (0,o2) 

If a consumer reacts exclusively to average price, then 

dW^/dP,  -  (dW w /dP a )  (BPjdPj  -  dW u /dP a  -  (dWjdW/dY 

or 

dw a /dp .  -  DWu /dp A(W1/W) - W.JBWB/BY) 

and 

Bw°/3P 2  -  (3w B /dp A )  (BP a /3P 2 )  -  (Bw u /BP a )  (dP a /dP 2 )  -  (W-WjdW/dY 

or 

BWB/3P 2 - (BWu /dP a )  -  (W-WJ (BWa /BY)  .  

Substituting these expressions into (9) yields 

W -  W 0  + (BW a /dP x )  P x  + (dWv/dPJfJW-W^dW/dY)  P^ +  
(3Wj3P a )  W -  w jw  -  (W-W 1 )dW B /dY)P 2  + dW a /dY  +  e  

Rearranging terras 



W- W 0  + (dw 0 /dp x )  P x  + (dW n /dP a ( (P 1 -P 2 )W 1 /W)  +  
OW a /dP a )P 2  + dW a /dY( -P l W 1 -P 2 (W-Wj)  4  e  

Replacing with coefficients yields 

W -  B 0  + B X P X  + B2 t (P!-P2) (Wi/ftO ] + B 3 P 2  + B4 [Y-P&-P 2  (W-WJ ]  

where the coefficients nay be econometrically estimated. 

In the instance where an individual reacts to the 

entire block rate and not just average price 

dW a /dP 1  -  -W 1 (dW a /dY)  

dW a /dP 2  -  OW u /dP 2 )  -  (W-WJ BW/dY 

Substituting these into (9) 

W -  W 0  -  dW°/dP x {P x )  -  (P jW^iBW/dY)  +  
[dW u /dP 2 -  (W-WJ dW a /dY]P 2  + Bw m /dY  + e 

or 

B 0  + B1PXS2P2 + BAY-P 1 W 1 -P 2 (W-W 1 ) )  + e 

The models are identical except that B2 = 0 in the 

second model which allows the testing of the hypotheses 

H0 : Ba = 0 or the consumer reacts to the block structure 

Hj : B2 > 0 or the consumer responds to average price only 
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A reaction to average price implies that B2 = B, > 0, 

which may be compared to the assumption that B, - 0 using a 

likelihood ratio test. 

An appropriate model of consumer behavior can only be 

chosen given the case specific empirical evidence. 

Opaluch's demand formulation facilitates consistent 

estimation under either behavioral model, if data are 

available. 
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CHAPTER 4 

DATA COLLECTION 

L* WATER RATES 

The water rates changed twice during the study period. 

Both of these were increasing block rates where marginal 

price increases as water use rises. There are two basic 

components to the pricing system for water services in the 

Tucson Metropolitan area. Tucson Water's rate schedule is 

composed of a minimum service charge and an increasing block 

rate for all units of water consumed within a billing 

period. Water use is heavily dependent on seasonal 

influences which has led to the creation of a separate rate 

schedule for the summer (May through October) and winter 

months. The rate schedules relevant to the study are shown 

in Table 4.1. 

The second component of a consumer's monthly bill is 

the sewer fee, a fixed charge based on a customers average 

winter use. Sewer use is measured as 100% of historical 

water use in December, January, and February. This fee is 

imposed on the consumer in the following July and remains in 

effect until the following June at which time it is 

recalculated. If a consumer should use less than this 
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TABLE 4.1 

TUCSON WATER SCHEDULE OF RATES AND CHARGES FOR 
SINGLE FAMILY RESIDENCES WITH 5/8 X 3/4 INCH PIPES 

I. MONTHLY SERVICE CHARGE $3.70 

II. COMMODITY CHARGE PER CCF JANUARY-APRIL 1986 

CCF WINTER RATE 

first 
next 
next 
next 
next 
next 

5 
5 
10 
10 
20 
50 

0 .80  
0.90 
1.07 
1.22 
1.35 
1.50 

III. COMMODITY CHARGE PER CCF MAY-DECEMBER 1986 

RATE 

first 5 
next 5 
next 
next 
next 
next 

10 
10 
20 
50 

WINTER RATE 

0 . 8 6  
0.97 
1.15 
1.31 
1.45 
1.61 

SUMMER 

summer rate for May through October 
winter rate for November through April 

IV. CENTRAL ARIZONA PROJECT 

$0.02 charge per ccf in addition to the monthly 
service and commodity charge. 

0.86  
0.97 
1.33 
1.64 
1.85 
2.08  

V. TAX 

Inside city add 9% 
Outside city add 7% 
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winter average at any tine during the billing period, his 

sewer fee will be prorated. The sewer fee consisted of a 

minimum rate of $1.66 for the first 2 ccf and a marginal 

rate of $0.65 per ccf thereafter. The existence of the 

sewer fee affects the real marginal cost of water. During 

December, January, and February the real marginal cost of 

water is the marginal cost plus four times the sewer fee 

(Billings and Agthe 1980). Here, for example the marginal 

cost of water would be 4 x $0.65 or 2.65 per ccf. This is 

spread out over the next 12 months so em additional $.22 

must be added to the prices seen in Table 4 to calculate the 

true marginal price. 

B. DATA COLLECTION 

The source of information in this model is the 

individual consumer. Forty-six single family households 

completed a survey on which they provided their total 

monthly expenditures for 1985 and 1986, household income and 

number of years in residence. Participants in the study 

were asked to record these monthly expenditures from their 

household financial records (mainly check book records), and 

return them in an envelope provided by the researcher. An 

example of the survey is given in Table 4.2. 

Direct provision of the various components of each 

consumer's bill would be ideal in the estimation process, 
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TABLE 4.2 

A SAMPLE SURVEY 

NAME OF WATER COMPANY 

MONTHLY EXPENDITURES 1985 1986 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 
/ 

December 

NUMBER OF YEARS IN RESIDENCE 

HOUSEHOLD INCOME IN 1986 
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but these data were generally not available. It is however, 

possible to work backwards from the reported total 

expenditures to define the appropriate variables. Given the 

observed data on total expenditures and knowledge of Tucson 

Water's and Pima County Sewer's rate schedules, the marginal 

price, Pn, and volume of water Q was estimated. The 

intramarginal marginal price, Pi, and quantity, Qi can then 

be inferred from the price schedule. 

A spreadsheet for winter and one for summer was used to 

estimate monthly consumption. Computations for January are 

shown in Table 4.3 as a representative month. Column 1 

shows the reported total expenditure for individual one for 

January. Column 2 represents the difference between total 

expenditures and the sum of the minimum service charge and 

monthly sewer fee. The average household has a 5/8 x 3/4 

inch pipe hookup and was subject to a $3.70 minimum monthly 

service charge. Column 3 shows the marginal price of units 

consumed in the first block. In Column 4 the difference 

between total expenditures and sewer fees plus minimum 

charges is divided by the marginal price in block one to 

show approximately how many units could be purchased at this 

price given the existing rate schedule. The first block is 

for the first 5 ccfs consumed as represented in Column 5. 
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TABLE 4.3 

SPREADSHEET FOR ESTIMATING MONTHLY 

CONSUMPTION FOP RN TWnTVTntlAT. FOP .TRNTT&PV 1 QRfi 

(1) (2) (3) (4) (5) (6) (7) 

TE TE-MIN-SEW MPi NET/MOi EST CCF1 BLK1 MP2 

$15.60 $6.50 $0.82 $7.93 5 $4.10 $0.92 

(8) (9) (10) (11) (12) (13) (14) 

NET/HP 2 EST CCF2 BLK2 SUBTOTAL TAX . REMAINDER TOT CCF 

$2.61 2 $1.84 $12.44 $1.05 ($0.49) 7 
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The commodity charge in block one is multiplied with th< 

estimated consumption in that block (ccf) and the product 

displayed in Column 6. A similar calculation is done for 

Block 2 as shown in columns 7, 8, 9, and 10. Columns 6 and 

10 are added to the minimum charge and sewer fee to produce 

the subtotal displayed in Column 11. A tax of 8% (the 

average of the 9% outside of the city limits and 7% within) 

was applied to this subtotal and the remainder displayed in 

Column 13. Total estimated ccfs appears in Column 14. Once 

quantity was established, the marginal price was known. The 

second price variable in the model which is simply average 

minus marginal price was identifiable, and income was 

provided directly on the survey. The components of the 

model are, theoretically, estimable. 
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CHAPTER 5 

RESULTS 

The sample of 46 area individual households is 

representative of the population in many respects. The 

sample average summer use of 16.17 ccf is close to the 

actual 16.02 ccf (Tucson Water 1986). The sample average 

winter use of 10.12 ccf is also close to the actual 10.70 

ccf. A comparison between the actual and sample monthly 

distribution of quantity consumed for both summer and winter 

months is shown in Figures 5.1 and 5.2 respectively. Figure 

5.3 compares the sample to actual summer use. Figure 5.4 

compares the sample to actual winter use. 

The sample average per capita income of $13,796 is only 

slightly higher than the actual per capita income in Tucson 

for 1986 of $13,402 (Arizona Statistical Review 1986). 

Theoretically, increasing block rates provide a 

subsidy to consumers in that they have paid a price less 

than the marginal price for units consumed before the 

marginal block. The subsidy may, however, be affected by 

the existence of a basic service charge or any fixed fee. 

The income effect this subsidy produces may actually be 



Figure 5.1 
Monthly Summer Means 
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Figure 5.2 
Monthly Winter Means 
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nullified if a rate schedule includes a minimum charge which 

exceeds the implicit subsidy. Tables 5.1 and 5.2 summarize 

the collected and estimated data for January and July 

respectively. The effect of the fixed fees on the 

theoretical Figure 5.1 subsidies is relevant in both months. 

Table 5.1 summarizes data for January which represents 

the winter months. When the income effect of a basic 

service charge is considered, only 15% of the households 

surveyed receive a subsidy. When the fixed sewer fee is 

also considered, only 2% of the households surveyed receive 

a subsidy. This scenario differs markedly from having pure 

difference as the sole consideration. Pure difference is 

simply the difference between what the individual would have 

had to pay if all units were purchased at the marginal price 

and what the actual expenditures were, excluding minimum 

charges. For example, individual 1 has a total expenditure 

of $11.30 for the month of January. His consumption is 

estimated to be 5 ccf. He faces an average price of $2.26 

and a real marginal price (marginal price as determined by 

the rate schedule plus $0.22 from the sewer fees affect on 

marginal price as discussed in Chapter 2) of $1.04. Average 

exceeds marginal by $1.22. This customer receives a subsidy 

of $0.48 if minimum charges are ignored. Taking sewer and 

minimum charges into consideration, this subsidy is 

nullified to the point where the difference variable has 



TABLE 5.1 SUMMARY OF PRICE AW) PRICES-RELATED VARIABLES FOR JAMUART 1906 

TOTAL 
EXPENDITURES 

MINIMUM SEUER 
FEE 

AP MP REAL MP 
(U/SEU)* 

AP-MP MP X Q (MPXQ)»MIN 
•SEUER 

PURE O-HIN D-MIN-SEU 
D 

INCOME IE AS 
X INC 

PURE 0 
X IE 

OIFF-NIN-SEU 
AS X TE 

SJ.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
SJ.70 
S3.70 
S3.70 
S3.70 
S3.70 
SJ.70 
S3.70 
S3.70 
S3.TO 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
S3.70 
SJ.70 
85.70 
SJ.70 
SJ.70 
83.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 
SJ.70 

82.88 
87.92 
84.14 
85.40 

814.22 
84.14 
82.25 
85.40 
86.03 
85.40 
85.40 
S4.14 
84.14 
82.88 
84.77 
84.77 
84.77 
86.03 
86.66 
83.51 
84.77 
82.88 
89.18 
87.92 
87.92 
82.25 
85.40 
87.92 
84.14 
85.40 

814.22 
84.14 
82.25 
85.40 
86.03 
85.40 
85.40 
84.14 
84.14 
82.88 
84.77 
84.77 
84.77 
S6.03 
16.66 
85.40 

82.26 
82.11 
81.94 
82.01 
82.09 
82.50 
81.84 
82.26 
82.39 
81.99 
82.22 
81.88 
82.27 
81.83 
82.11 
82.08 
81.97 
SI.79 
12.41 
83.69 
82.17 
81.92 
81.83 
S2.0S 
81.77 
82.97 
82.23 
81.97 
81.89 
82.37 
81.87 
82.13 
82.97 
81.95 
82.08 
82.10 
82.07 
82.26 
82.26 
82.24 
82.25 
81.94 
81.05 
U.58 
82.01 
82.90 

80.82 
80.92 
81.09 
80.92 
80.92 
80.82 
81.09 
80.82 
80.82 
81.09 
80.92 
81.09 
80.92 
81.09 
80.92 
80.92 
81.09 
81.09 
80.82 
80.82 
80.92 
80.92 
81.09 
80.92 
81.09 
80.82 
80.92 
80.92 
80.92 
S0.92 
81.24 
80.92 
80.82 
80.92 
80.92 
80.92 
80.92 
80.82 
80.82 
80.82 
80.92 
SO.92 
S1.09 
SO.82 
80.92 
80.82 

81.04 
81.14 
81.31 
81.14 
81.14 
81.04 
81.31 
81.04 
81.04 
81.31 
81.14 
81.31 
81.14 
81.31 
81.14 
81.14 
81.31 
81.31 
81.04 
81.04 
81.14 
SI.14 
81.31 
81.14 
81.31 
81.04 
81.14 
SI.14 
SI.14 
81.14 
81.46 
81.14 
81.04 
SI.14' 
81.14 
81.14 
81.14 
81.04 
81.04 
81.04 
81.14 
SI.14 
SI.31 
SI.04 
81.14 
81.04 

31.22 
80.97 
80.63 
80.87 
80.95 
81.46 
80.53 
SI.22 
81.35 
80.68 
SI .08 
80.57 
81.13 
80.52 
80.97 
80.94 
80.66 
80.48 
81.37 
82.65 
81.03 
80.78 
80.52 
80.91 
80.46 
81.93 
81.09 
SO.83 
80.75 
81.22 
80.41 
80.99 
81.93 
80.81 
80.94 
50.96 
80.93 
81.22 
81.22 
SI.20 
81.11 
80.79 

(80.26) 
83.54 
SO.87 
SI.86 

85.20 
89.12 

S14.41 
811.40 
87.98 
84.16 
826.20 
85.20 
85.20 

814.41 
87.98 

S14.41 
86.84 

817.03 
89.12 
87.98 

817.03 
822.27 
85.20 
82.08 
87.98 
87.98 

S14.41 
89.12 

820.96 
83.12 
87.98 

811.40 
89.12 
86.84 

S3 J.58 
86.84 
83.12 
89.12 
S7.98 
89.12 
89.12 
85.20 
85.20 
85.20 
86.84 
86.84 

S17.0J 
15.20 

811.40 
83.12 

811.78 
820.74 
822.25 
820.50 
825.90 
812.00 
832.15 
814.30 
814.93 
823.51 
817.08 
822.25 
814.68 
823.61 
817.59 
816.45 
825.50 
832.00 
815.56 
89.29 

816.45 
814.56 
827.29 
820.74 
832.58 
89.07 

817.08 
823.02 
816.96 
815.94 
851.50 
814.68 
89.07 

S18.22 
817.71 
818.22 
818.22 
813.04 
813.04 
811.78 
815.31 
815.31 
825.50 
814.93 
821.76 
812.22 

80.48 
83.88 
80.96 
80.35 

811.28 
81.99 

(84.65) 
83.01 
82.97 
81.57 
81.52 
81.61 
81.09 

(80.15) 
80.73 
81.88 

(80.08) 
81.58 
83.49 
81.92 
81.23 
81.09 
87.16 
84.33 
84.21 
80.17 
81.48 
83.30 
81.85 
81.75 
58.50 
81.93 
80.17 
82.62 
83.14 
81.45 
81.68 
81.73 
81.74 
80.58 
81.82 
SJ.70 

S11.85 
(S7.98) 
81.63 
SJ.51 

(SJ.22) 
80.18 

(82.74) 
(83.35) 
87.58 

(81.71) 
(88.35) 
(80.69) 
(80.73) 
(82.13) 
(82.18) 
(82.09) 
(82.61) 
(83.85) 
(82.97) 
(81.82) 
(83.78) 
(82.12) 
(50.21) 
(81.78) 
(82.47) 
(82.61) 
83.46 
80.63 
80.51 

(83.53) 
(82.22) 
(80.40) 
(81.85) 
(81.95) 
84.80 

(81.77) 
(83.53) 
(SI.08) 
(80.56) 
(82.25) 
(82.02) 
(81.97) 
(81.96) 
(83.12) 
(81.88) 
80.00 
88.15 

(811.68) 
(82.07) 
(80.19) 

(86.10) 
(87.74) 
(S6.88) 
(88.75) 
(86.64) 
(85.85) 

(810.60) 
(86.09) 
(86.76) 
(87.53) 
(87.58) 
(86.23) 
(86.75) 
(86.73) 
(87.74) 
(86.59) 
(88.55) 
(88.15) 
(86.87) 
(85.29) 
(87.24) 
(85.49) 
(85.72) 
(87.29) 
(87.41) 
(85.78) 
(87.62) 
(88.32) 
(85.99) 
(87.35) 
(89.42) 
(85.91) 
(85.78) 
(86.48) 
(86.59) 
(87.65) 
(87.42) 
(86.11) 
(86.10) 
(86.00) 
(86.65) 
(84.77) 
83.38 

(817.71) 
(88.73) 
(85.59) 

<4,167 
<6,250 
83,000 
82,000 
<7,917 
<3,750 
<5,833 
<3,543 
<1,667 
<6,125 
<2,129 
<5,917 
<2,083 
<5,833 
<6,917 
<4,167 
<4,167 
<5,173 
83,333 
<1,583 
<4,167 
<1,500 
<7,500 
<5,417 
<3,352 
<1,964 
<:,6oo 
<1,125 
<5,833 
<7,750 
<2,417 
<2,292 
<3,333 
<5,000 
82,167 
<5,000 

8625 
85,000 
84,417 
82,083 
83,333 
85,000 
<1,500 
84,167 
83,750 
82,233 

83.70 85.41 82.21 80.94 81.16 81.05 89.94 819.05 82.18 (81.52) (86.94) 83,893 

15X 2X 

0.27X 
0.27X 
0.71X 
1.01X 
0.18X 
0.27X 
0.63X 
0.32X 
0.72X 
0.36X 
0.73X 
0.35X 
0.65X 
0.41X 
0.24X 
0.35X 
0.61X 
0.59X 
0.36X 
0.47X 
0.37X 
0.90X 
0.27X 
0.30X 
0.85X 
0.45X 
0.60X 
1.75X 
0.26X 
0.18X 
1.78X 
0.56X 
0.27X 
0.31X 
0.67X 
0.34X 
2.65X 
0.23X 
0.26X 
0.54% 
0.40X 
0.2JX 
0.91X 
0.55X 
0.54X 
0.39X 

IX 

4.25X 
23.01X 
4.51X 
1.74X 

77.15X 
19.88X 

-12.64X 
26.66X 
24.83X 
7.16X 
9.77% 
7. BOX 
8.02X 

•0.63X 
4.33X 

12.90X 
•0.31X 
5.19X 

28.91X 
26.05X 
8.08X 
8.09X 

35.57X 
26.39X 
14.84X 

1.91X 
9.49X 

16.73X 
12.24X 
12.33X 
19.77X 
15.14X 
1.91X 

16.79X 
21.55X 
8.65X 

10.16X 
15.30X 
15.40X 
5.18X 

13.49X 
31.87X 
86.81X 

-34.8JX 
8.10X 

40.J0X 

15X 

-53.98X 
-45.91X 
•32.32X 
-43.42X 
-45.42X 
-58.44X 
-28.SOX 
-53.94X 
•56.52X 
•34.32X 
•48.71X 
-30.18X 
-49.67X 
-28.32X 
-45.91X 
•45.23X 
-33.42X 
-26.79X 
-56.92X 
•71.78X 
-47.57X 
•40.76X 
•28.42X 
•44.42X 
-26.12X 
•64.94X 
-48.85X 
-42.19X 
-39.64X 
•51.BOX 
-21.91X 
•46.35X 
-64.94X 
-41.54X 
•45.2JX 
•45.62X 
•44.86X 
•54.02X 
-5J.98X 
-53.57X 
-49.30X 
-41.09X 
24.76X 

-77.J0X 
-43.37X 
-64.1BX 

-45X 



TABLE 5.2 SUftART OF PRICE AND PRICE-RELATED VARIABLES FOR JULY 1986 

TOTAL 0 MINIMUM SEUER AP MP REAL MP AP-MP MP X 0 (MPXQ)»MIN PURE D-MIN D-HIN-SEU INCOME IE AS ft*E 0 OIFF-MIN-SEU 
EXPENDITURES FEE (U/SEU)* •SEUER 0 X INC X TE AS X TE 

<2.88 *1.65 »1.66 *1.88 (10.23) *52.64 *59.22 *13.05 *9.35 *6.47 **,167 1.11X 28.27* K.01X 
*7.92 *1.72 *1.66 *1.B8 (W.16) *39.48 *51.10 *14.90 *11.20 *3.28 *6,250 0.58X 41.16X 9.06X 
*4.14 *1.88 *1.35 *1.57 ' *0.31 *28.26 *36.10 *2.28 (*1.42) (*5.56) *3,000 1.13X 6.74X -16.44* 
*5.40 *1.83 *1.87 *2.09 (10.26) *79.42 *88.52 *18.82 *15.12 *9.72 *2,000 3.49* 27.00* 13.95X 

*14.22 *1.67 *1.35 *1.57 *0.10 *26.69 *44.61 *16.20 *12.50 (*1.72) *7,917 0.36* 57.02* -6.05X 
$4.14 *1.68 *1.35 *1.57 *0.11 *25.12 *32.96 *6.11 *2.41 (*1.73) *3,750 0.72* 22.76* -6.44* 
*2.25 *2.07 *2.10 *2.32 (*0.25) *174.00 *179.95 *25.07 *21.37 *19.12 *5,833 2.66* 16.19* 12.35* 
*5.40 *2.33 *0.88 *1.10 *1.23 *5.50 *14.60 *2.97 (*0.73) (*6.13) *3,543 0.33* 25.54* -52.71* 
*6.03 *1.65 *1.66 *1.88 (*0.23) *43.24 *52.97 *14.97 *11.27 *5.24 *1,667 2.28* 39.39* 13.79* 
*5.40 *1.80 *1.66 *1.88 (S0.08) *54.52 *63.62 *11.52 *7.82 *2.42 *6,125 0.85* 22.11* 4.64* 
*5.40 *1.81 *1.35 *1.57 *0.24 *26.69 *35.79 *5.04 *1.34 (*4.06) *2,129 1.44* 16.39* -13.20* 
*4.14 *1.67 *1.66 *1.88 (*0.21) *48.88 *56.72 *13.29 *9.59 *5.45 *5.917 0.73* 30.60* 12.55* 
*4.14 *1.77 *1.66 *1.88 (*0.11) *41.36 *49.20 *10.32 *6.62 *2.48 *2,083 1.87* 26.54* 6.38* 
*2.88 *1.72 *1.66 *1.88 (*0.16) *39.48 *46.06 *9.86 *6.16 *3.28 *5,833 0.62X 27.24* 9.06* 
*4.77 *1.76 *1.87 *2.09 (*0.33) *64.79 *73.26 *18.83 *15.13 *10.36 *6,917 0.79* 34.59* 19.03* 
*4.77 *2.11 *1.66 *1.88 *0.23 *39.48 *47.95 *3.64 (*0.06) (*4.83) *4,167 1.06X 8.21* -10.90* 
*4.77 *1.93 *1.35 *1.57 *0.36 *29.83 *38.30 *1.68 (*2.02) (S6.79) *4,167 0.88* 4.59* -18.54* 
*6.03 *1.89 *1.87 *2.09 (*0.20) *102.41 *112.14 *19.63 *15.93 *9.90 *5,173 1.79* 21.22* 10.70* 
*6.66 *1.61 *1.66 *1.88 (*0.27) *41.36 *51.72 *16.32 *12.62 *5.96 *3,333 1.06* 46.10* 16.84* 
*3.51 *1.76 *1.87 *2.09 (*0.34) *83.60 *90.81 *20.61 *16.91 *13.40 *1,583 4.43* 29.36X 19.09* 
*4.77 *1.70 *0.99 *1.21 *0.49 *12.10 *20.57 *3.60 (*0.10) (*4.87) *4,167 0.41X 21.21* -28.70* 
*2.88 *1.84 *1.66 *1.88 (*0.04) *45.12 *51.70 *7.57 *3.87 *0.99 *1,500 2.94X 17.15* 2.24* 
*9.18 *2.67 *0.88 *1.10 *1.57 *4.40 *17.28 *6.59 *2.89 (*6.29) *7,500 0.14X 61.65* -58.84* 
*7.92 *1.80 *1.87 *2.09 (*0.30) *66.88 *78.50 *21.06 *17.36 *9.44 *5,417 1.06* 36.66* 16.43* 
*7.92 *2.32 *0.88 *1.10 *1.22 *5.50 *17.12 *5.53 *1.83 (S6.09) *3,352 0.35X 47.71X -52.55* 
*2.25 *1.68 *1.35 *1.57 *0.11 *29.83 *35.78 *3.82 *0.12 (*2.13) *1,964 1.63X 11.95* -6.66X 
*5.40 *1.82 *1.35 *1.57 *0.25 *26.69 *35.79 *4.79 *1.09 (*4.31) *2,600 1.19X 15.45* -13.90X 
*7.92 *1.72 *1.35 *1.57 *0.15 *20.41 *32.03 *9.66 *5.96 (*1.96) *1,125 1.99X 43.18X -8.76* 
*4.14 *1.78 *1.87 *2.09 (S0.31) *75.24 *83.08 *18.88 *15.18 *11.04 *5,833 1.10* 29.41* 17.20* 
*5.40 *1.97 *1.87 *2.09 (*0.12) *71.06 *80.16 *13.16 *9.46 *4.06 *7,750 0.86X 19.64X 6.06X 

*14.22 *1.68 *1.35 *1.57 *0.11 *23.55 Ml.47 *16.21 *12.51 (S1.71) *2,417 1.0SS 64.17* -6.77* 
*4.14 *2.51 *0.88 *1.10 *1.41 *4.40 *12.24 S2.20 (*1.50) (*5.64) *2,292 0.44X 21.91* -56.18* 
*2.25 *1.85 *1.35 *1.57 t0.28 *20.41 *26.36 *2.28 (tl.42) (*3.67) *3,333 0.72* 9.47* -15.24* 
*5.40 *1.76 *1.66 *1.88 (t0.12) *52.64 *61.74 *12.45 *8.75 *3.35 *5,000 0.99X 25.26* 6.80* 
*6.03 *1.70 *1.66 *1.88 (tO.18) *45.12 *54.85 *14.01 *10.31 *4.28 *2,167 1.88* 34.30* 10.48* 
t5.40 tz.00 *0.99 *1.21 10.79 *10.89 *19.99 *1.98 (tl.72) (*7.12) *5,000 0.36X 10.99X -39.53* 
*5.40 *2.21 *0.99 *1.21 *1.00 *8.47 *17.57 t2.12 (*1.58) (*6.98) *625 2.47X 13.72* -45.181 
M.14 *1.61 *1.66 *1.88 (t0.27) 141.36 *49.20 113.69 19.99 *5.85 *5.000 0.71X 38.55* 16.47* 
*4.14 *1.57 *1.35 *1.57 *0.00 *23.55 *31.39 *7.79 *4.09 (*0.05) *4.417 0.53X 33.01X -0.21* 
*2.88 *1.74 *1.35 *1.57 10.17 125.12 131.70 13.84 10.14 (*2.74) *2.083 1.34X 13.78X -9.83* 
*4.77 *1.91 *1.35 *1.57 *0.34 *17.27 *25.74 *4.69 *0.99 (S3.78) *3,333 0.63* 22.28* -17.96* 
*4.77 *1.68 *1.66 *1.88 (10.20) 147.00 *55.47 *13.39 *9.69 *4.92 *5,000 0.84* 31.82* 11.69* 
*4.77 *2.08 10.99 *1.21 10.87 *12.10 *20.57 (10.25) (13.95) (*8.72) *1,500 1.39* -1.20* -41.88X 
*6.03 *2.03 *1.35 *1.57 *0.46 *18.84 *28.57 *4.21 *0.51 (*5.52) *4,167 0.58X 17.28X -22.66X 
*6.66 *1.75 10.99 *1.21 10.54 19.68 120.04 16.08 12.38 (14.28) *3.750 0.37X 43.55* -30.66* 
*5.40 *2.90 *0.88 *1.10 *1.80 • *3.30 *12.40 *3.69 (10.01) (*5.41) *2.233 0.39S 42.37* -62.11* 

*5.41 *1.88 *1.45 *1.67 *0.21 *38.43 *47.54 *9.74 *6.04 *0.63 *3.893 1* 27X -9* 

76* 46* 

*46.17 28 *3.70 
*36.20 21 *3.70 
*33.82 18 *3.70 
*69.70 38 *3.70 
*28.41 17 *3.70 
*26.85 16 *3.70 
*154.88 75 *3.70 
*11.63 5 *3.70 
*38.00 23 *3.70 
*52.10 29 *3.70 
*30.75 17 *3.70 
*43.43 26 *3.70 
*38.88 22 *3.70 
*36.20 21 *3.70 
*54.43 31 *3.70 
*44.31 21 *3.70 
*36.62 19 *3.70 
*92.51 49 *3.70 
*35.40 22 *3.70 
*70.20 40 *3.70 
*16.97 10 *3.70 
*44.13 24 *3.70 
*10.69 4 *3.70 
*57.44 32 *3.70 
*11.59 5 *3.70 
*31.96 19 *3.70 
*31.00 17 *3.70 
*22.37 13 *3.70 
*64.20 36 *3.70 
*67.00 34 *3.70 
*25.26 15 *3.70 
*10.04 4 *3.70 
*24.08 13 *3.70 
*49.29 28 *3.70 
*40.84 24 *3.70 
*18.01 9 *3.70 
SIS.45 7 *3.70 
*35.51 22 *3.70 
*23.60 15 *3.70 
*27.86 16 *3.70 
*21.05 11 *3.70 
*42.08 25 *3.70 
*20.82 10 *3.70 
*24.36 12 *3.70 
*13.96 8 *3.70 
18.71 3 *3.70 

137.80 20.74 *3.70 

Ul 
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actually become positive because of the counteractive income 

effect the minimum and sewer charges produce. The marginal 

price and difference model is thus altered if minimum 

charges exceed the implicit subsidy. 

Table 5.2 provides a summary of observations for July 

which is representative of the summer months. Average 

consumption is substantially higher in the summer months 

than in the winter, so that the average consumer is 

consuming in the fourth as opposed to the second block. 

Seventy-seven percent (77%) of the households receive a 

subsidy even if the income effect associated with the basic 

service charge is included. If the sewer fee is considered 

46% receive a subsidy. 

Figures 5.5 and 5.6 show the relationship between 

average and marginal price in January and in July 

respectively. In the winter the average household consumes 

less than 10 ccf. Average exceeds marginal price by $1.02 

on the average. This has major implications for rate design 

efforts. Although Tucson Water wishes the consumer to 

perceive a price that increases with increased use, the 

majority of the consumers perceive a rapidly declining price 

or a price below the marginal price in the winter, if they 

are indeed reacting to average price. The existence of this 

phenomenon demonstrates that the determination of the proper 
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Figure 5.5: AP vs MP 
January 1986 
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Figure 5.6: AP vs MP 
June 1986 
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specification of price is a crucial element in effective 

rate design. 

Average exceeds marginal price by only $0.48 on the 

average in the summer. Here marginal price is approaching 

average price and the average household perceives an 

increasing price whether they are reacting to marginal or 

average price. There are, however, two factors which 

counteract this appearance of sending out the desired 

increasing price signal. First is the income effect 

associated with the subsidization inherent in an increasing 

block rate structure. As stated earlier, a significant 

number of households receive subsidies during the summer 

months even when fixed fees are accounted for. Secondly, 

the increasing block rates for the winter months are not 

significantly lower than summer rates which tends to 

subsidize summer use and increase use in the summer months 

above what it might have been under a more efficient pricing 

schedule. 

Ordinary least squares regression analysis was applied 

to the data, but the data were not sufficient to avoid 

having the marginal price variable become a simple 

reflection of the rate schedule. Preliminary investigation 

of the availability of data necessary to this model's 

successful employment shows that the data are difficult to 

obtain in the Tucson area, due mostly to a lack of variation 
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in real price over a period of several years. Although the 

model was not applicable in the Tucson area, its attempted 

use did provide some insight into further theoretical 

complications which should be considered in the attempted 

estimation of demand for water given increasing block rates, 

and their implications for future rate design. 

•> 
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CHAPTER 6 

SUMMARY 

In an effort to examine the practical applicability of 

Opaluch's model of the proper specification of price in the 

demand for water, data on total expenditures, income, and 

number of years at current residence was collected from 

forty-six single family households. This model allows for 

the relaxation of the classical assumption that consumers 

have perfect information about the prices of the goods and 

services they consume, which allows for determination of the 

proper price variable to be used in the demand equation on a 

case by case basis. Determining the proper specification of 

price can have a major impact on the effectiveness of a rate 

schedule as a demand management tool. Although Tucson 

Water's increasing block rate schedule is meant to 

discourage excessive water use, the results of this study 

provide some insight into the complications that are 

associated with increasing block rate schedules. 

In theory, increasing block rate schedules provide an 

implicit subsidy to the consumer. This subsidy is equal to 

the difference between actual expenditures and what the 

individual would have paid if all units were purchased at 
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the marginal price. This "difference" model was shown to be 

significantly altered by the existence of fixed fees such as 

the Pima county Sewer Fee and the minimum charges imposed on 

each consumer by Tucson Water. When the combined effect of 

these fixed fees is accounted for only 2% of the surveyed 

households received a subsidy in the winter months, compared 

to the 15% who would have received a subsidy without 

consideration of the fixed fees. Although Tucson Water's 

summer rate schedule is higher in an attempt to discourage 

consumption in the higher blocks, 46% of the households 

received a subsidy even when the fixed fees were accounted 

for. Seventy-six percent (76%) would have received a 

subsidy if the analysis had been based on the pure 

difference model. 

Another major empirical result of the study has to do 

with the relationship between average and marginal prices. 

Average exceeds marginal price by $1.02 on average in the 

winter months. If a consumer is indeed reacting to average 

price, he will perceive a rapidly declining price or a price 

below the marginal price instead of the increasing price 

signal Tucson Water wishes him to perceive as demonstrated 

by their use of increasing block rates. Average exceeds 

marginal by only $0.48 on the average in the summer. Here 

marginal is approaching average price and the average 

household perceives an increasing price whether they are 
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reacting to marginal or average price. But there are two 

factors having opposite effects on the apparently increasing 

price signal being sent out by the summer rate schedule. As 

mentioned above, 46% of the households receive an implicit 

subsidy in the summer. Secondly, the lack of significant 

variation of the winter rates from the summer rates tends to 

subsidize summer use, leading to use exceeding what it might 

be under a more efficient pricing schedule. These 

counteractive income effects can have major implications for 

the effectiveness of using a rate schedule as a demand 

management tool. 

Preliminary investigation of the availability of data 

necessary to this model's successful employment shows that 

the data are difficult to obtain in the Tucson area, due 

mostly to a lack of real variation in price over a period of 

several years. Although the model was not econometrically 

applicable in the Tucson area, its attempted use did provide 

additional theoretical evidence of complications which can 

result from the use of increasing block rates when fixed 

fees are involved. These can have major implications for 

future rate design and warrant further investigation. 
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