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EQUITY AND EFFICIENCY IN PRICING LOCAL PUBLIC SERVICES: 

THE CASE OF WASTEWATER 

by 

David H.~terson 
Daniel W. Bromley* 

Pricing decisions for local wastewater services can play a crucial role in the· 
attainment of efficiency with equity. Normative judgments about equitable 
service should include concepts of ability-to-pay across users of the service, 
and concepts of spatial equity. The determination of a price for wastewater 
service, using the objectives of efficiency, equity, and simplicity, may better 
suit the goals and policies of local officials than the traditional determination 
of price through the cost-of-service method. 
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Much has been written in the economic literature about pricing local 

public services. If a µublic'service is defined as a public enterprise, or 

public utiltty, the management is often charged by statute to operate the 

enterprise in an economically efficient manner and to provide equitable.service 

to all users. Locally provided wastewater service is an example of such a public 

enterprise. 1 Given the range of constraints imposed on local officials by state 
) 

and federal guidelines, standards, local institutional structures, one of the 

most effective tools for shaping local. public enterprise policy and achieving 

•. ~fficient and equitable service can be the.~ool of price making for the local 

public service. 

The subject of this paper is an examination of pricing decisions for local 

wastewater systems. The two primary objectives of pricing dedsions are efficiency 

and equity. Concurrent with these objectives, moreover, are the more publicly 

recognized qualifications that the rate structure should be acceptable to the public 

and easily understood, financially sound, and administratively feasible. We shall 

fo.cus our attention on a model of pricing which incorporates these criteria into 

the rationale of adminstered pticing for local wastewater systems, ~bstracting 

from the recognized peak loading problems. 

The design of a conceptual model ·which integrates efficiency and equity 

criteria into a pricing decision is contingent on an acceptable definition of 

equity. The tradi.ti ona 1 viewpoint of water and wastewater managers is that 

equitable service is provided when each user pays the full cost of service~(to 

the user). This bias toward full cost of service criteria in ratemaking design 

stems from the view that cost is a criterion of both efficiency and equity [Greene, 

p. 32]. The recommendations of the professional societies, from whose ranks 

come the managers of wastewat~r systems, state that a rate structure is efficient 

and equitable if service is provided at least cost and if each user pays in ap-
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proximate proporticin to the cost of providing service to each user [Joint 

Committee Report, p. 7]. 

If it is assumed that a measure of marginal cost is a good proxy for 

marginal benefit, this approach conforms closely with the ''benefit approach" 

in the theory of publicfinance [Musgrave, pp. 61-89; Gillespie, pp. 130-131]. 

This approach to public prices can be criticized on philosophical gr~unds, 2 but 

is subject to more precise criticism with the realization of the practica·1 dif

ficulties of allocating joint fixed and variable costs to users. Joint costs 

are a distinguishing characteristic of water and wastewater systems. 
I 

Rather than defining equity in terms-of cost or marginal. willingness-to~ 

pay, thus constraining the definition of equity to the implausible condition 

of independent utilities among users, we can define equity in terms of ability

to-pay, which broadens the concept of equity to interdependencies among users. 

The ability-to-pay criterion invokes a concept of relative social welfare among 

wastewater service users [Behrens and Smolensky, p. 11]. 

The model presented here has itsgenesis in the work of Feldstein [1971, 1972], 

and is designed to show the derivation of an optimal price (in terms of effi ci- .· 

ency and equity) for a public servicf! when the public enterprise must cover total 

costs, but may operate at a scale where marginal cost is below average cost. The 

Feldstein model c9nforms to our definition of equity as ability-to-pay. The op

timal price as determined by the model conforms to the objectives of efficiency, 

equity. _and simplicity. 

The_ practicality of this pricing model is apparent from the view of the applied 

theorist, however, different interpretations of several variables will be necessary 

for real world refinements; We shall leave the structure of the model intact, con

forming where possible to the same parameter symbols of Feldstein. Our interest 

is in showing how a ~lightly different interpretation of the variables can render 



the pricing model of more interest and value to local decision- makers, with

out changing the struct~re of the model. 

In considering here only the application of pricing for household users 

of sewerage service, it is desirable to .restrict the pricing analysis to con

siderations of a two-part t~riff3; a constant marginal price per unit purchas~d 
I 

and a fixed annual charge for the 11 right to purchasell at the marginal price. 

· Both this marginal price and fixed charge are the same for all users., Marginal

cost pricing in a two-part tariff is subject to the criticism of the distortion

ary effects of a regressive head tax. What is needed is a pricing rule that 

balances efficiency and equity ·so that welfare losses will be ininimiz.ed. 

It is the nature of statements about equity that they are necessarily· 

normative judgements. This model of pricing recognizes the normative nature of 

equity judgments, but allows the practitioner to specify this Judgment explicit'-_ 

ly. In order to make equity judgments, we need to know something about the dis

tribution of household welfare. 5 Feldstein contends that this distribution can 

be represented by the relative density function of household income, f(y). 

As the first point of d,eparture from the Feldstein model, two additional 

comments are. necessary here. First, the measurement of household income, a com

mon measure of ability:..to-pay, is subject to deficiencies. Reported annual 

household income is closer to a measure of transitory _income than permanent in

come, the latter being a better meas~re of relative well-being among households 

[Reid, Deleeuw, Carline]. For our purposes, a measure of ability-to-pay for- a 

service such as wastewater collection and treatment;, which is a household utility 

augmenting service, is annual cash expenditure on housing. This measure better 

reflects a household's economic position, and does not v9ry as much as transitory 

income. 6 The distribution of this measure can be represented by the relative 

density function f(h). · 
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Second~•-- when- urban Planners 'and_ local 6ffic;ci1 s' s:peak .of equity ;n- ihe -

___ ~rqvision of publ\c' servtces, th~y are· conce~ned with ;spa'tial :equity as_~eTl· _·_ 

---~s __ equity across -income groups_~--· fhe,: cor1cerr(Joris1Yatial _- etju-tty c1ri~es.- with''-
. .. . . 

the r_ecognitior, of the problems of urban sprawl( and the hi_gh cost 0-f public . 
. ---·'. . 

S-ervic;es to low densi-ty area~. ·:-To incorpora;te a measure of spatial equ~~y in-; •-· ·-· .. 

'to the' pricing ~odel, we<sh:all specify the'.:relative'density functio'n f(hl as . 

. :_ the marginal den:sity functio~ f{h;'d}, ~_ondit;ion~l uphn 'the population cl~nsity, d~ .- -
. .· .. -· . . . ,· . . . . . . ,. . . . ' .•... . . . . ' . ··.: .. · ' ·- .' 

- ·_ Now, in making the-transformation-ffom a_nnualexpenditur~ for -housing t'~ i 
' ' . . . . . . ·~. ·"' ' . . . . . . . 

.. _ -household social' util-ity,there must be a specif-fed housing expenditure-utility -

rel.ationshi p.-}. It-can be: postulated.· that household-socfal utility fsan fn- . , •---- -----. 

-cr~asJn~'-fun~ti on of ho~si ng expenditure.· _Th~· marginal sod alutflity of a do_l ""/.· ._. . . . . :,; . . . ., . . . ' . . .. , .... 

-_ lar of housing expenditure will be denoted as u '- (h}~ -:11: tan be assumed· that. -· 

.--.-. -u' (h) is fnvariate wi~h tt,ie marginal'. price and _annual fixed ' c~atge.:i although: 

this assumpti.on is riot ineicessary. 

;- / -An int~itively .natural ___ ·- fonnulatfon _of therelat.-i~n~hi(l:between.ut(~) 

h>i·s· a constant'n~gative -elasticity between··the two. ·Th~9reaterthisel;sticit.Y,'.-
' . . . ·\ , . . .·· ·. " . . ' ·.•., 

• • i • '• • • '• ' • < • [ • • • ' • • ~ " • • • • : • • • • • •' • ' C ,, • • • • ' 

the great¢r_: the relative weight to- be. given to the rel~vant cons_Ullle,r surplus of :. 
' . : \ '· ' ,· . . . . . . '· . . . . . . ' 

·._ low;houstrig -expenditure l:lo'useholds.>given the population de~sity~- A range o~ -_._ 

. V~-lues for this elasti-ci'ty. can be thought -of as policy 'parameters to 
'. - •. • • ,J. ' . .•,. ' . . , ·. ' '. 

- - ... _-_ i_ Sensitivity of the ptici~g results .to equity jud~~ents. 

·-•The total qua~tity purchased, Q .• of the public serv,ice (m¢asured ih volµnie )> · 

wh~n ·the marginal pri.cejs 7r and the populatioRdenSity is given is:> 

.'. . . . · ... 

. -·, ... •- ··where N--;~,~he 'numb~r ~f hous~hold.sserved/ .and q'rrr,h)'_i~·-_-the quant{ty,consume~• 
- ' 

by a household with' housing expenditure I') when.the price_ is 7I.: The total cost . 

- of ~upp]Yi-ng ' . - Jt .shoJl d be noted here that the tofal' ~o~t functi,~n is 
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ilot a function of the quantity_ of wastewater tr~ated al one, but ts also a 
' 

function of the. 'areal extent of the collection network. 
. . 

expre5sed in terms of area, an&population density. 

relationship between ·q and d, the total cost function can be expressed as C(Q(d)): 
, ·. ' . . . 

. . . . 

We· shal.l retain. the. basic form C (Q), and recall latter. the implications of the com:--

posi te function. 

l .. 
A= H [C(Q) - nQJ 

The consumer surplus Of a household with housing 

The net consumer surplus is: 

The net consumer surplus is measured in dollars .. For aggregation over' consumers 

it must be weighted by the relative social marginal utility of housing expendi- · 

. ture to households u 1 (h). The aggregate consumer surplus is:. 

NJ~ f(h;d) ul(h) {S(n,h)- kcc(Q) - nQ]}dh 

problem then is to maximize V subject to the constraint that the fixed charge 

Awill be non-negatiye. We can maximize V directly, ignoring the constraint, and 
l 

. " 
make adjustments in price later if the constraint is violated. The first order 

. . ; 

condition for a maximum of V.with respect ton is: 
. . . . . 

. · NJ~f(h;d) u1(h)[d5i~,h} ]dh = [(~~ -TI)~ - Q]J~f(h;d) u• (hl dh 

This•result is subject to adjustment where the income effect on demand operating 

· through hbus ing expenditure, has a decided magnitude [Feldstein, l972, p. 177]. 
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aS(1r,h). 
·· After substitution for an 

ac · · ·· · · 
[ TI-" ·.aQ·} (aQE) = J';;f(h;d)u'fh)q(1r,h}°dh - Jof(h;d)qfo,h)dhf~f(h;d)u'(h)dh 

. n a Q 
, . 7T 

rf ( h ;d )q (1r, h)dh/0 f (h;d)u I Oi)dh 0 . ,· · · 0 . ·. 

For interpretation of the ratio of integrals the reader may consult Feldstei~ 

[1972, p. 178]. Theleftside of (5) is the productof the excess of optional 

priceover marginal cost, relative to that price, and the aggregate elasticity .. 

of demand at the optimal price. The interpretation of this result is as follows; 
' . . . ' 

chargtng .more thanmargina; Cost requires higher-housing expenditure households 

to pay a larger sh9re1of the fixed cost~ the inefficiency loss due to net pricing 

at marginal cost is outweighed by gains in distrihutional equity. 

So far this result is of little practical use. To ·make .the price. expres

sion operational in the sense that judgments about pricing~ can be made for a real 

world wastewater service, we need to represent 

estimated with easily estimated parame.ters. . . ' . ' 

Househbld de~and for wastewater services 
, , 

form [Feldstein, 1972, p. · 174; Howe and Linaweaver, p. 

· The rati<) of i ntegra 1 s is 

l972, p. 179]. 

The expression m is the marginal 

m, because o.f the. total cost function expressed above, is a function of population 
. ' 

density, d; i.e., m(d). This implies that:the optimal be different for 
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different areas of the service ~istrict, depending on the population density.· 

Because low density areas can be serviced only at a higher marginal cost [Downing; 

Dajani and Gemmell], low density suburban areas at the metropolitan fringe will be 

charged at a higher marginal price. 

· An explicit formula for TT is not yet available. until the distribution para

meter, D, has more explicit meaning. To do this w,e can specify u'(h) and f(h;d). 

The normative judgment for equity is embodied in the form u1 (h) = h-n, a constant 

elasticity marginal utility function. The form of f{h;d) is unknown but ·can be 

determined from the data of the sewerage district being e.xami ned. For purposes 

of this paper, ·we can, like Feldstein, assume that f(h;d) has a fog-normal dis

tribution. With these assumptions, the distributional parameter, D, now becomes 

o = exp[-a.ncr~], and the optimal price is expressed as: 

8 
TT = . 
·d [S+l 

2 . m(d) 

(l + 0 hta.n] 
µh 

(6) 

Equation (6) is the operational formula for pricing as derived by Feldstein.7 

The results here are merely ilJustrative in order to show that an operational 

formula for pricing decisions which include both ~fficiency and equity objectives, 

and maintain the criterion of simplicity~ can be reduced to a function of the 

normative parameter n, and the estimable demand parameters s.and a. 

To illustrate the analysis necessary for the practical implementation of the 

Feldstein pricing formulation, we present some hypothetical (but realistic) para

meter values applicable to wastewater service provided by the Madison Metropoli- ·· 

tan Sewerage District. If the ratio of price to marginal cost (ili-) is written as 

a function of the elasticity of marginal utility of housing expenditure~ n, we 

see how the markup of price over marginal cost -varies with normative judgments 

about the value of the parameter .n. Values of the demand parameters, 8 and a,: 
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and mean and variance Of monthly housing expenditures for a combination of owners 

~nd renters are present~d in Table l. 

TABLE l 

price elasticity $* 

income {housing) 
elasticity a* 

mean mortthly ex
penditure 

variance 

µ ** h 
a2** , h 

147.54 

1125.07· 

*Values are from a recomputation of Howe and Linaweave~ 

data,· using a ,weighted variable to correct for grouping· 

heterosk~dasticity. 
. ' 

· **Estimates are from Block Statistics, Final 

HC(3)270, Madison, Wisconsin U~banized Area. 

We can note that there is a practical limit to the{;) ratio. The lower 

limit is unity; pricin~ below marginal cost is clearly inefficient. The upper 
. . . ' 

limit for (7') isthatvalue where rrequals average cost. ·.Pricing above average. . , m . . . 

cost is also ruled out on efficiency grounds. The range of value for the norma-

tive parameter, n, is from zero (implying that dis:tributional equity is of no 

consequence, thus n = m) to the value of n determined where TI equals averagi cost. 

It is therefore possible that average cost pricing will be the most desirable 

• outcome if elasticities are sufficiently low, or if the relative variance is 

large.· Table 2 shows the relationship between (~) and n, holding the values of 

a, Ban~ relative varian£e constant at the values in Table l. 
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TABLE 2 

(TT) 
m n 

l 0 

l. 02 .25 

1. 04 .50 

l. 06 .75 

1. 09 1.00. 

l. l 9 2.00 

1. 31 3.00 

For the case of MMSD the ratio of price to marginal cost increases rather 

slowly as the value of the normative parameter n increases. Furthermore, the 

small relative variance has a greater absolute effect on (;) than the inelastic 

demand for wastewater services. Table 3 shows the marginal change in (;) due 

to unit changes in Sand D, where 

and 

n 

0 
.25 
.50 
.75 

1.00 
2.00 
3.00 

2 [S- (D-1)] 

a(~) = s 
ao [s-(0-1)]2 

TABLE 3 

a(!) 
m 
~ 

e.ooo 
o. 110 
0.228 
0.357 
0.495 
1. 175 
2. 123 

> 0 

< 0 

a(~) 
m 

ao 
-5. 236 
-5.453 
-5.683 
-5.927 
-6. 186 
-7.400 
-8.980 
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a( 0 ) a(7f) 

For the entire range of values for n, I 3~ I > I ": I showing that. the•. 

ratio of price to marginal cost is more sensitive to the relative variance of 

housing expenditure and its elasticity than to the price elasticity of demand 

for wastewater seryice. 

If, however, the ratio of average cost to rnarQinal cost is small, average 

cost pricing may then be desirable for efficiency and equity. The ratio of 

average cost to marginal cost is likely to vary considerably as the population 

density varies throughout the service area. Verification of the functional 

forms of the.model is a goal of ongoing research by the authors. 

The adjustments made in the interpretation of the variables of distribution, 

household utility, and spatial equity permita more practical interpretation of 

pricing deci_sions for wastewater- services. It is not advocated that this pricing 
. 

solution is a once-and-for~all solution. Once the parameters have been estimated 

and evaluated it is still only possible to make value judgments about tradeoffs 

between efficiency and equity. These parameter values merely make tradeoff judg

ments more enlightened depending on the degree of .faith o.ne has in their a·ccuracy. 

It is further recognized that this particular pricing model assumes that the 

management of the public enterprise has full centralized authori~y to set prices 

for all users. This authority is not present for the example of MMSD, where user 
\ . 

charges are levied on municipalities which in turn set prices to be levied on 

their own users. There isa distinct possibility that the municipal user charges 

could thwart the goals of efficiency and equity in pricing as sought by the public 

enterprise. · This possibility suggests a closer look at the institutional con'-' 

straints on such a centl"alized pricing policy, and the possibilities for ina.. 

sti tuti ona l refonn. 
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Given that equitable and efficient pricing for public services is a 1· 

recognized goal of local givernments, andmay also be an effective tool in 
' ' 

combating urban sprawl, the method of pricing presented here represents a 

decided advantage over the traditional view of ]inking equity with the full 

cost of service. 
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FOOTNOTES 

~tu:de~t, and professo:r, ·.respectively,· Department o\f,Agri cultural, 

Economics~ Uni vers itY of Wi scon'si n, Madi sgn .> ... 
l< : In Wiscohsfn, metropolit~~ S~werage districts, utility districts, and 

town s~nitary di~tr1 cf~ are special purpos~ units of governments operating 

·.··· •· linder 'the authority and powe~s vested by the state. :, Al though these entities 
. ,• .. .·· . 

are units· of ·gov~rnment, their. single purpose n'aturemakes, them c6mparable 

··. to pub li C enterprises .. 

. 2. The.philosophical Or political basis' forargum~nt Ort this pointcah be' 
.(. I • ' 

tra_ced to the earliest 'writings of the .classical ,economists., See, e.f., . . . \ . . . 

·. Myrda 1, pp\ J 55;.. 190. / 
. . •. .. 

-· 3. -··Extensions of the model to include a 11 sectors of the economy,. and to· cons id-, 
. .. : ~ .· ' ,._ . - .. 

~ratfons,.~f. the peak ·1·oading problem,· would un(loubtedly require·relaxing this 
. . .: . . . . 

·. restriction. · · .. · · ... · ·-. · ·_···•···• 

4. This need, not be So; 'the margioa l pr1 ce could 'va rY with the amount purchased, , •• 

: or with· location. 

5. , Therei is a_· divergence of opinion here conce,rning th~ me~nitig ,of equity. · legal· 

i~nd institutional scholars contend that equity' is ; pro~esstoward equality . 

. : rather than a state. ~f the. socio~~cono~ic structure ,of ~oclety ... We ca~:take·-> ·.· ·._· .. 

. ·_·.·.'the latter view o~ly insofar that a given state oi equtty indicates the 

. worki~gs of the process tow~rd equality. ···•··· 
. ·. . .. 

6. •i For owner-occupied households the variation ·;n'transitory income can affect. . . 
. . _,._: .-

..•. the var'iation'in annual housing .expenditure, through the incometaX structure 

· .·. where mortgage :interest is deductible~ It is here postulated that th~ .v~ria

·. tion in annual ,housing expenditure is less than the variation fo transitory< .. · 
.. .. . . . .. ,.: . . .. ' . 

income because of the additional, relatively_greater- and more stable~ ele"' 

···•·• ments which make up annual housing expenditure. 
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7. The reader should consult Feldstein, 1972, pp. 180-181, for details of the 

transformation from (5) to (6). 
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