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ABSTRACT 

The purpose of this report is to review the economic theory relevant to 

water pricing. The theory is examined to determine how the objectives of 

economic efficiency and cost recovery might be achieved through water 

pricing. Marginal cost pricing is shown to be the most efficient system 

when cost recovery is not an issue. Because marginal cost pricing may not 

result in f u l l cost recovery, other pricing systems including Ramsey 

pricing, Cease t a r i f f s and multipart t a r i f f s are examined. Coase t a r i f f s 

would often be suitable for water pricing because they can result in 

maximum efficiency while at the same time ensuring f u l l cost recovery. 

Peak load pricing based on long run marginal cost i s also applicable to 

water supply u t i l i t i e s . Pricing is shown to be related to the issue of 

capacity expansion, and both should be considered simultaneously in water 

u t i l i t y planning. Several unique features of water and their effect on 

optimal pricing are examined. These include storage management, natural 

limits to supply, non-consumptive uses and linkages between upstream and 

downstream demands. Pricing is shown to be effective in achieving optimal 

allocation of water among competing uses when natural limits on supply 

exist. The optimal allocation w i l l result when price is equated to the 

marginal willingness to pay for a l l users. In a basin with a number of 

supply and demand nodes, more complex techniques such as mathematical 

programming might be necessary to determine the optimal prices for the 

various water uses. The study concludes with a recommendation that Inland 

Waters prepare a set of water pricing guidelines that can be used by water 

u t i l i t i e s and governments who wish to implement efficient pricing. 



- i i -

RESUME 

Cette etude r e v o l t l a t h e o r i e en economie a p p l i c a b l e a l a t a r i f i c a t i o n de 

I'eau. La t h e o r i e est examinee pour determiner comment l e s o b j e c t i f s 

d ' e f f i c a c i t e economique et de cout de recouvrement peuvent e t r e r e a l i s e s 

par l a tari£ication de I'eau. Le cout marginal de t a r i f i c a t i o n e st demontre 

d'etre l e systeme l e plus e f f i c a c e quand l e cout de recouvrement n'est pas 

Important. En vue que l e cout marginal de t a r i f i c a t i o n ne c o u v r l r a pas 

possiblement l e cout complet de recouvrement, d'autres systemes de 

t a r i f i c a t i o n s sent examines t e l que l a t a r i f i c a t i o n Ramsey, l e s t a r i f s 

Cease et l e s t a r i f s d'etapes m u l t i p l e s . Les t a r i f s Cease peuvent souvent 

e t r e propices pour l a t a r i f i c a t i o n de I'eau parce q u ' i l s peuvent produire 

une e f f i c a c i t e maximum tout en assurant un cout complet de recouvrement. La 

t a r i f i c a t i o n de d e b i t de p o i n t e , basee sur l e cout marginal a long terrae, 

est a u s s i a p p l i c a b l e aux s e r v i c e s p u b l i c s d'amenagement des ressources 

hydriques. I I est demontre que l a t a r i f i c a t i o n est r e l l e e a l a c a p a c l t e de 

cr e i s s a n c e et que ces deux f a c t e u r s s o l e n t considerees simultanement dans 

l a p l a n i f i c a t i e n des s e r v i c e s p u b l i c s de ressources h y d r i q u e s . P l u s i e u r s 

aspects unique de I'eau et ces e f f e t s sur l a t a r i f i c a t i o n optimale sent 

a u s s i examines t e l que l a g e s t l o n de I'emmagaslnement, l e s l i m i t e s 

n a t u r e l l e s des reserves, l e s u t i l i s a t i o n s de non-consommatlen et l e s l i e n s 

de demandes d'amont et d'aval. I I est a u s s i demontre que l a t a r i f i c a t i o n 

est e f f i c a c e a l a r e a l i s a t i o n de l a r e p a r t i t i o n eptimale d'eau parmi l e s 

u t i l i s a t i o n s concurrents quand 11 e x l s t e une l l m l t e n a t u r e l l e de reserve 

d'eau. La r e p a r t i t i o n eptimale se r e a l l s e r a quand l e t a r i f r e f l e t e r a l a 

vele n t e de payer de l a part de tens l e s usagers. Dans un ba s s i n 
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hydrographique avec plusieurs sites d'approvisionnements et de demandes, 

cela necessitera peut-etre des approches plus complexes, comme l a 

programmation mathematique, pour determiner les tarifs optimals pour les 

nombreuses utilisations d'eaux. L'etude se conclut en recommandant que les 

Eaux interieures preparent des directives de tar i f i c a t i o n d'eau qui 

pourraient etre utilisees par les services publics d'eau et les 

gouvernements afin d'y realiser une tarification efficace. 
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I. INTRODUCTION 

In the past few years Canadian p o l i c y makers have shown i n c r e a s i n g i n t e r e s t 

i n the use of p r i c i n g as a water management t o o l . T his i n t e r e s t was 

sparked by a number of s t u d i e s that revealed d e f i c i e n c i e s i n the p r i c i n g 

systems used by water supply agencies i n Canada. Tate (1984) pointed out 

that e f f i c i e n t p r i c i n g would not only r e s u l t i n water c o n s e r v a t i o n but 

would a l s o promote s u s t a i n a b l e economic development. The I n q u i r y on 

Federal Water P o l i c y (Pearse, Bertrand and MacLaren, 1985) recommended that 

the f e d e r a l government e x p l i c i t l y endorse the user pay p r i n c i p l e f o r water. 

The statement on f e d e r a l water p o l i c y (Environment Canada, 1987) proposes 

water p r i c i n g as a b a s i c s t r a t e g y f o r a c h i e v i n g the goals of p r o t e c t i n g and 

enhancing the q u a l i t y of the water resource and promoting the wise and 

e f f i c i e n t management and use of water. The statement (p. 8) says that the 

f e d e r a l government w i l l : 

. endorse the concept of r e a l i s t i c p r i c i n g as a d i r e c t means of 
c o n t r o l l i n g demand and generating revenues to cover c o s t s ; 

undertake, support and promote j o i n t f e d e r a l - p r o v i n c i a l examination 
of the costs and p r i c i n g of water f o r both consumptive and 
non-consumptive water uses; and 

encourage the a p p l i c a t i o n of p r i c i n g and other s t r a t e g i e s , such as 
the b e n e f i c i a r y / p o l l u t e r pays concept, to encourage e f f i c i e n t water 
use. 

Federal government s t a f f (or anyone e l s e i n v o l v e d i n water p r i c i n g ) should 

acquire a b a s i c understanding of the economic theory of e f f i c i e n t p r i c i n g 

before promoting the concept to water supply u t i l i t i e s . There e x i s t s a 
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w e l l developed theory of o p t i m a l p r i c i n g f o r p u b l i c u t i l i t i e s and n a t u r a l 

monopolies that has been expounded i n s e v e r a l books and j o u r n a l a r t i c l e s . 

Most a p p l i c a t i o n s of the theory have been i n the f i e l d s of power generation 

and telecommunicationso A few examples of a p p l i c a t i o n s of the theory to 

water p r i c i n g have appeared i n v a r i o u s j o u r n a l s . Most of t h i s l i t e r a t u r e 

on p u b l i c u t i l i t y p r i c i n g i s t e c h n i c a l , and a good knowledge of mathematics 

and economics i s r e q u i r e d to understeuid i t . The o b j e c t i v e of t h i s report 

i s to summarize the b a s i c theory of optimal p r i c i n g i n a water use context, 

a v o i d i n g mathematical a n a l y s i s where p o s s i b l e . The report i s intended as a 

b a s i c reference aimed at p r o v i d i n g economists and planners w i t h the minimum 

understanding necessary to develop a water p r i c i n g program. 

Before determining the optimal or e f f i c i e n t p r i c i n g system f o r a water 

supply system, one r e q u i r e s some c r i t e r i a by which o p t i m a l i t y or e f f i c i e n c y 

i s d e f i n e d . In t h i s report a f a i r l y standard c r i t e r i o n i s used which i s 

to maximize the consumer and producer s u r p l u s from water use. The concepts 

of producer and consumer s u r p l u s and t h e i r relevance to water p r i c i n g are 

explained i n chapter I I . The theory of marginal cost p r i c i n g , and how i t 

can be used to achieve e f f i c i e n c y , i s a l s o developed i n the second chapter. 

In chapter I I I the f i n a n c i a l i m p l i c a t i o n s of marginal cost p r i c i n g f o r 

water u t i l i t i e s are discussed. I t i s g e n e r a l l y d e s i r a b l e that the p r i c i n g 

s t r u c t u r e r e s u l t i n f u l l cost recovery by the u t i l i t y or water supply 

agency, without a f i n a n c i a l l o s s or p r o f i t . The problem of cost recovery 

a r i s e s i n p r a c t i c a l a p p l i c a t i o n s of water p r i c i n g s i n c e marginal costs of 

s u p p l y i n g water are o f t e n l e s s than average c o s t s . The concepts of 
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non-uni£orm pricing and multipart t a r i f f s are introduced. These concepts 

can be used to meet both financial and efficiency objectives. 

Chapter IV outlines pricing theory relevant to a longer run context when 

the issue of capital expansion should be considered. It shows how pricing 

can be used to meet costs of future expansion and to cope with problems of 

peak period demands. The optimal timing of expansion of system capacity 

and i t s implications for pricing are also discussed. 

Chapter V discusses the theory in the specific context of water resource 

management. Several of the unique features of water use such as storage, 

non-consumptive use, return flows, seasonal use, and constraints on natural 

supply must be accounted for in the pricing system. Some methods of 

implementing pricing in more complicated and inter-related water management 

systems are presented. 

The f i n a l chapter summarizes the results of the discussions and makes 

recommendations for the promotion of efficient water pricing. Particular 

emphasis is placed on a recommendation that a set of practical guidelines 

for water pricing be prepared for use by municipalities and water supply 

u t i l i t i e s . 
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I I . EFFICIENCY AND MARGINAL COST PRICING 

This chapter o u t l i n e s the b a s i c c r i t e r i a used i n determining economic 

e f f i c i e n c y . The concepts of consumer s u r p l u s and producer s u r p l u s , and 

t h e i r use as an index of economic b e n e f i t s , are e x p l a i n e d . The theory of 

marginal cost p r i c i n g i s introduced along w i t h a d i s c u s s i o n of how i t can 

l e a d to the maximum amount of consumer and producer s u r p l u s from water use. 

A. Economic E f f i c i e n c y 

Many p u b l i c p r o j e c t s are s u b j e c t to a b e n e f i t - c o s t a n a l y s i s to determine 

whether the b e n e f i t s of the p r o j e c t are g r e a t e r than the c o s t . The p r o j e c t 

i s deemed to be economically e f f i c i e n t i f the b e n e f i t s outweigh the c o s t . 

The same b a s i c d e f i n i t i o n of economic b e n e f i t s and e f f i c i e n c y i s used i n 

t h i s paper as i s used i n standard b e n e f i t - c o s t a n a l y s i s of p u b l i c p r o j e c t s . 

Standard b e n e f i t - c o s t a n a l y s i s has some t h e o r e t i c a l shortcomings and i s 

subject to a number of v a l i d c r i t i c i s m s . These c r i t i c i s m s , however, are 

l e s s c r i t i c a l when determining the b e n e f i t s from water use. Furthermore, 

given the widespread use of b e n e f i t - c o s t a n a l y s i s as an a p p l i e d management 

t o o l , i t seems reasonable to use i t s b a s i c tenets as a s t a r t i n g point f o r 

determining the e f f i c i e n t use and p r i c i n g of water. 

1. Consumer and Producer Surplus 

Consumer and producer surplus are b a s i c measures of the value a c c r u i n g to 

the consumer and producer of a good. Consumer s u r p l u s i s d e r i v e d from an 

i n d i v i d u a l ' s w i l l i n g n e s s to pay f o r a product. C e n t r a l to the concept of 

w i l l i n g n e s s to pay and consumer surplus i s the demand curve (Fi g u r e 1). 
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The demand curve, which shows the r e l a t i o n s h i p between the q u a n t i t y 

demanded of a product and i t s p r i c e , i s downward s l o p i n g i n almost a l l 

cases although the steepness and exact shape of the curve w i l l vary 

depending on the product and the consumero An aggregate demand curve f o r a 

group of consumers can be obtained simply by adding up a l l the i n d i v i d u a l 

demands at v a r i o u s p r i c e l e v e l s . The aggregate demand curve w i l l a l s o be 

downward s l o p i n g . 

The consumer's t o t a l w i l l i n g n e s s to pay i s the area under the demand curve 

i n Figure 1. T o t a l w i l l i n g n e s s to pay can be considered as a gross measure 

of value to the consumers. The net w i l l i n g n e s s to pay, a l s o known as 

consumer s u r p l u s , i s equal to the t o t a l w i l l i n g n e s s to pay minus the a c t u a l 

amount pa i d . The area designated by the l e t t e r S i n Figure 1 i s the 

consumer s u r p l u s . G r a p h i c a l l y i t i s described as the area above the p r i c e 

l i n e and below the demand curve. 

An analogous concept to consumer su r p l u s i s producer s u r p l u s . For a s i n g l e 

f i r m s u p p l y i n g a product, the producer s u r p l u s can be thought of as p r o f i t 

to the f i r m . Figure 2 shows the marginal cost curve f o r a f i r m s u p p l y i n g 

one product. The marginal cost i s the cost of producing each a d d i t i o n a l 

u n i t o f the product. I f there are no f i x e d (overhead) c o s t s , the p r o f i t to 

the f i r m i s equal to the area marked P, which i s the area above the 

marginal cost curve and below the p r i c e l i n e . I f a f i x e d cost does e x i s t , 

then the p r o f i t i s equal to the same area minus the f i x e d c o s t s . 
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2. Economic Benefits 

In benefit-cost analysis the benefits, or economic value of a commodity, 

are equal to the sum of the consumer surplus and the profit (producer 

surplus) to the firm. Suppose for example, one were analyzing the benefits 

of an irrigation project that would result in increased agricultural 

production. The benefits from the project would be equal to the increase 

in consumer surplus plus the increase in the profit of the producers. The 

same approach can be used for analyzing the benefits of changing the price 

charged by a regulated firm or u t i l i t y . The benefits of the price change 

are equal to the increase in the consumer surplus and the profit to the 

firm that result from the price change. 

By increasing the price charged, a u t i l i t y would obtain greater profit, but 

would at the same time decrease the consumer surplus.^ By decreasing the 

price, the firm would decrease i t s profit and increase the consumer 

surplus. If the gain by either the producer or consumer is greater than 

the loss by the other party then a benefit results from the price change. 

This is illustrated in Figure 3, which shows a price change from P̂^ to 

The firm loses profit represented by area A minus C, while the consumers 

gain a surplus equal to area A plus B. A net gain in total consumer plus 

producer surplus equal to area B plus C results from the price change. The 

price ?2 is thus more efficient than the price P̂  because i t results in an 

increase in the total surplus or economic benefits. 

1. It is assumed that the u t i l i t y is large enough that i t controls the 
market price. It should be noted that there is a certain price beyond 
which an increase w i l l result in a reduction in profit because of the 
decrease in consumption. 
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FIGURE 3 EFFICIENCY GAINS FROM A PRICE CHANGE 
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B. Marginal Cost P r i c i n g 

The theory of marginal cost p r i c i n g has been developed i n the context of 

p u b l i c u t i l i t i e s that have monopolies on the product they produce. I f such 

a monopoly were p r i v a t e l y owned and unreg^ulated, the owners would choose a 

p r i c i n g system that would maximize p r o f i t s . In the case of a monopoly that 

i s p u b l i c l y owned or r e g u l a t e d , a p r i c e should be chosen that maximizes the 

t o t a l economic b e n e f i t s r a t h e r than p r o f i t s to the u t i l i t y . M arginal cost 

p r i c i n g i s a method of a c h i e v i n g optimal output and maximum b e n e f i t s from a 

p u b l i c or regulated u t i l i t y . 

F i g u re 3 i n d i c a t e s that moving from p r i c e P̂ ^ to p r i c e ?2 r e s u l t s i n an 

i n c r e a s e i n t o t a l s u r p l u s (where t o t a l s u r p l u s i s the sum of consumer and 

producer s u r p l u s ) . This g i v e s r i s e to the question: i s there an optimal 

p r i c e where the t o t a l s u r p l u s i s maucimized? In Figure 3 , moving from the 

p r i c e Pj^, which i s above marginal c o s t , to the p r i c e which i s c l o s e r 

but s t i l l above marginal c o s t , r e s u l t e d i n an increase i n t o t a l s u r p l u s . 

Lowering the p r i c e towards marginal cost w i l l always r e s u l t i n a g a i n i n 

t o t a l s urplus because the increase i n the s u r p l u s gained by consumers i s 

always l a r g e r than the decrease i n p r o f i t s experienced by the f i r m . 

Figure 4 i l l u s t r a t e s the e f f e c t of a p r i c e change when the o r i g i n a l p r i c e 

i s below marginal c o s t . At the o r i g i n a l p r i c e Pj^, the f i r m makes a l o s s 

equal to the r e c t a n g l e d e f i n e d by MC, P^, Ê ,̂ and M̂ .̂ By i n c r e a s i n g the 

p r i c e , the l o s s to the f i r m w i l l be reduced by the area S plus D, and 

consumer sur p l u s w i l l decrease by area S. Moving from p r i c e P̂ ^ to p r i c e 

which i s c l o s e r to marginal c o s t , w i l l always r e s u l t s i n a g a i n i n t o t a l 
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s u r p l u s because the gains by the f i r m are l a r g e r than the l o s s e s by 

consumers. 

I t f o l l o w s that s e t t i n g the p r i c e e x a c t l y equal to marginal cost w i l l 

r e s u l t i n the maximum t o t a l s u r p l u s . The term "marginal cost p r i c i n g " 

means j u s t t h a t : s e t t i n g p r i c e equal to marginal cost i n order to maximize 

b e n e f i t s . I n a l l the examples i l l u s t r a t e d to t h i s p o i n t , i t has been 

assumed that marginal cost i s constant f o r a l l l e v e l s of output. I f t h i s 

happens to be the case f o r a regulated f i r m , the o p t i m a l p r i c e can simply 

be set equal to the marginal cost without any knowledge of the consumer 

demand curve. In the short run, a constant marginal cost may be 

approximately true f o r many water supply agencies. For example, the 

marginal cost of s u p p l y i n g an i n i t i a l u n i t of water to a f i x e d urban 

population may simply be the a d d i t i o n a l c o s t s of energy f o r pumping. The 

u n i t cost of energy would l i k e l y be constant. 

1.Increasing or Decreasing M a r g i n a l Costs 

I f the marginal cost curve i s i n c r e a s i n g or decreasing, the same b a s i c r u l e 

of o p timal p r i c i n g a p p l i e s , but one must a l s o take i n t o account the 

consumer demand curve. To o b t a i n maximum b e n e f i t s , a p r i c e must be chosen 

where the amount s u p p l i e d by the f i r m i s equal to the amount demanded. In 

Figure 5, the e q u i l i b r i u m point between the marginal cost curve and the 

demand curve r e s u l t s i n the maximum b e n e f i t s . At t h i s p o i n t , the p r i c e P* 

i s equal to marginal c o s t , and the amount s u p p l i e d by the u t i l i t y i s 
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FIGURE 5 OPTIMAL PRICE WITH 
INCREASING MARGINAL COSTS 
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e x a c t l y equal to the amount demanded by consumers. The marginal p r i c i n g 

r u l e can be s t a t e d f o r m a l l y as; 

(1) P r i c e = Marginal Cost = Marginal W i l l i n g n e s s to Pay. 

The marginal w i l l i n g n e s s to pay i s represented by the consumer demand 

curve. Each po i n t on the demand curve represents the marginal w i l l i n g n e s s 

to pay or p r i c e that consumers w i l l pay f o r an e x t r a u n i t of consumption. 

At the point where the marginal cost curve crosses the demand curve, 

marginal w i l l i n g n e s s to pay Is equal to marginal c o s t . To f i n d the p r i c e 

that r e s u l t s i n t h i s e q u i l i b r i u m , i t would be necessary to have a g r a p h i c a l 

or mathematical estimate of both the demand curve and the marginal cost 

curve. 

2.Short Run and Long Run Marginal Cost 

The marginal cost p r i c i n g r u l e has both short run and long run 

i n t e r p r e t a t i o n s . In the short run, c a p i t a l costs cannot be v a r i e d and 

marginal costs i n c l u d e only the v a r i a b l e c o s t s of production or d e l i v e r y . 

As long as there i s adequate p h y s i c a l c a p a c i t y f o r the foreseeable f u t u r e , 

s e t t i n g the p r i c e equal to marginal cost w i l l maximize b e n e f i t s . In the 

long run, c a p i t a l expansion must be planned f o r s i n c e a l l i n p u t s , i n c l u d i n g 

c a p i t a l are v a r i a b l e . A long run marginal cost f u n c t i o n (see Chapter IV) 

can be d e f i n e d and used as the b a s i s f o r long run p r i c i n g . 

Water u t i l i t i e s should, i n g e n e r a l , consider the long run marginal cost 

when s e t t i n g p r i c e . Because pop u l a t i o n and i n d u s t r y are i n c r e a s i n g i n most 
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r e g i o n s , the i s s u e of system expansion w i l l have to be addressed at some 

p o i n t . Therefore, to ensure e f f i c i e n t water use and o p t i m a l c a p a c i t y of 

f u t u r e expansions, the long run marginal cost should be used as the b a s i s 

f o r p r i c i n g . 

The marginal cost p r i c i n g r u l e does not s t a t e euiything about the 

d i s t r i b u t i o n of b e n e f i t s . In i t s b a s i c form i t does not even r e q u i r e that 

the regulated f i r m break even. I f the short run marginal cost curve i s 

used as the b a s i s f o r p r i c e s e t t i n g , then the u t i l i t y w i l l l o s e money 

because f i x e d c o s t s are not covered. Even i f the long run marginal cost 

curve i s used, the u t i l i t y may s t i l l experience a net f i n a n c i a l l o s s and 

p o s s i b l y a f i n a n c i a l p r o f i t . These problems and t h e i r p o l i c y i m p l i c a t i o n s 

are discussed i n gr e a t e r d e t a i l i n Chapter I I I . 

3. Marginal Costs f o r D i f f e r e n t Classes of Consumers 

I t i s p o s s i b l e that some c l a s s e s of consumers w i l l have lower marginal 

costs than other c l a s s e s f o r a given l e v e l of consumption. In other words, 

the u t i l i t y faces a separate marginal cost curve f o r each c l a s s of 

consumer. This s i t u a t i o n would be encountered, f o r example, i f energy 

costs f o r d i s t r i b u t i n g water were r e l a t e d to the d i s t a n c e from the main 

storage r e s e r v o i r . The marginal costs of s u p p l y i n g d i s t a n t customers would 

then be gr e a t e r than the marginal c o s t s of su p p l y i n g close-by customers. 

Long run marginal costs might a l s o be l e s s f o r l a r g e consumers because 

gr e a t e r amounts of water can be s u p p l i e d through a s i n g l e connection, 

r e s u l t i n g i n lower d i s t r i b u t i o n c o s t s . 
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The optimal p r i c i n g r u l e when d i f f e r e n t c l a s s e s of customers have d i f f e r e n t 

marginal cost curves i s b a s i c a l l y the same as equation ( 1 ) . The p r i c e f o r 

each c l a s s should be based on t h e i r p a r t i c u l a r marginal cost curve. Thus, 

some c l a s s e s of users v i t h higher marginal costs would be charged higher 

p r i c e s than other c l a s s e s w i t h e q u i v a l e n t usage. In p r a c t i c e the 

d i f f e r e n c e i n marginal costs between users may be s l i g h t and the Increase 

i n e f f i c i e n c y might not warrant the e x t r a b i l l i n g expenses. 

4. Losses from F l a t Charge P r i c i n g 

I t i s q u i t e common to observe f l a t charges f o r water use by u t i l i t i e s i n 

Canada. These u t i l i t i e s charge the consumer w i t h a connection p r i c e , but 

do not charge according to how much the consumer a c t u a l l y uses. The 

marginal p r i c e to the consumer i s t h e r e f o r e n i l , and he w i l l continue 

consuming water u n t i l h i s marginal w i l l i n g n e s s to pay i s a l s o zero. In 

Figure 6, water w i l l be consumed u n t i l the point Q on the h o r i z o n t a l a x i s . 

This r e s u l t s In an over-consumption equal to the d i s t a n c e Q minus 0, where 

0 Is the optimum consumption that would occur i f p r i c e were set equal to 

marginal c o s t . The area under the marginal cost l i n e (C plus T) represents 

the t o t a l cost ( e x c l u d i n g any f i x e d c o s t s ) of s u p p l y i n g the water and the 

t o t a l area under the demand curve represents the consumer s u r p l u s . The 

t r i a n g l e l a b e l e d T, to the r i g h t of the demand curve represents the t o t a l 

l o s s i n b e n e f i t s that r e s u l t from u s i n g a f l a t charge i n s t e a d of marginal 

cost p r i c i n g . T his area i s o f t e n c a l l e d a deadweight l o s s . 
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FIGURE 6 LOSSES FROM FLAT CHARGE PRICING 
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C. Summary 

In t h i s chapter the concepts of consumer and producer s u r p l u s , e f f i c i e n c y 

gains from p r i c i n g , and marginal cost p r i c i n g have been introduced. The 

standard d e f i n i t i o n of economic b e n e f i t s , represented by the sum of 

consumer and producer s u r p l u s , has been used as a c r i t e r i o n f o r determining 

the e f f i c i e n t p r i c i n g system. Using t h i s c r i t e r i o n , i t was found that 

s e t t i n g p r i c e equal to marginal cost r e s u l t e d i n the maximum b e n e f i t s . 

F l a t charge p r i c i n g , which i s o f t e n used by water supply u t i l i t i e s i n 

Canada, was shown to cause excess consumption of water and a l o s s of 

b e n e f i t s from i t s use. 

For u t i l i t i e s that have constant marginal c o s t s , p r i c e can be s e t equal to 

marginal cost without any knowledge of the consumer demand curve. I f 

marginal costs are i n c r e a s i n g or decreasing, then an estimate of the demand 

curve i s r e q u i r e d so that the optimal p r i c e and quemtity can be determined. 

The optimal p r i c e i s obtained at the poi n t where the demand curve and 

marginal cost curve i n t e r s e c t . 

The marginal cost p r i c i n g r u l e , as presented i n t h i s chapter, i s concerned 

only w i t h e f f i c i e n c y and does not consider any f i n a n c i a l c o n s t r a i n t s on the 

u t i l i t y . F i n a n c i a l c o n s t r a i n t s would u s u a l l y r e q u i r e the u t i l i t y to break 

even by re c o v e r i n g a l l costs without making excess p r o f i t s . In the short 

run, i t i s p o s s i b l e , and even l i k e l y , that marginal cost p r i c i n g w i l l 

r e s u l t i n a f i n a n c i a l l o s s f o r the f i r m even though t o t a l b e n e f i t s are 

maximized. The l o s s w i l l r e s u l t from the f i x e d (overhead) c o s t s that the 

f i r m i s faced w i t h i n order to supply the product. I f the long run 
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marginal cost is used as a basis for price setting, the u t i l i t y might s t i l l 

experience a loss or possibly an excess profit. Losses v i l l have to be 

covered from some other source such as general tax revenues or from fixed 

user charges that can be charged in addition to the per use price based on 

marginal cost. Excess profits may also have to be redistributed back to 

customers. In the folloving chapters, pricing systems are discussed that 

ensure that the regulated firm breaks even vhile at the same time retaining 

maximum efficiency. 
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I I I . EFFICIENT PRICING WITH FINANCIAL CONSTRAINTS 

Marginal cost p r i c i n g w i l l achieve e f f i c i e n c y o b j e c t i v e s but may not a l l o w 

the u t i l i t y or regulated f i r m to meet i t s f i n a n c i a l o b j e c t i v e s . These 

f i n a n c i a l o b j e c t i v e s w i l l u s u a l l y r e q u i r e that the u t i l i t y recover a l l 

costs but not make excessive p r o f i t s . I d e a l l y i t should j u s t break even on 

i t s o p e r a t i o n s . Such f i n e m c i a l o b j e c t i v e s have a s t r o n g t r a d i t i o n i n 

p u b l i c p o l i c y and can a l s o be supported on economic grounds. The purpose 

of t h i s chapter i s to examine p r i c i n g systems that ensure f u l l cost 

recovery w h i l e p r o v i d i n g the maximum p o s s i b l e economic b e n e f i t s to 

consumers. 

I f the u t i l i t y experiences a f i n a n c i a l l o s s , i t w i l l have to be s u b s i d i z e d 

from some other source of revenue to stay i n business. S u b s i d i z a t i o n 

through t a x a t i o n and Income t r a n s f e r s can cause d i s t o r t i o n s i n the economy 

that r e s u l t i n a l o s s of b e n e f i t s i n other areas of the economy. Another 

c r i t i c i s m of s u b s i d i z a t i o n i s that i t w i l l lead the system planners to 

i n c o r p o r a t e excess c a p a c i t y i n t o t h e i r operations knowing that the u t i l i t y 

w i l l not be r e s p o n s i b l e f o r r e c o v e r i n g i t s c o s t s . • The costs of 

s u b s i d i z a t i o n thus have to be weighed against the l o s s i n t o t a l b e n e f i t s 

that would r e s u l t i f the u t i l i t y became f u l l y s e l f s upporting by d e v i a t i n g 

from marginal cost p r i c i n g . 

From a p u b l i c p o l i c y p e r s p e c t i v e , s u b s i d i z a t i o n of p u b l i c u t i l i t i e s , crown 

cor p o r a t i o n s and other regulated f i r m s has not been popular i n North 

America. In Canada, d e f i c i t s run by crown co r p o r a t i o n s o f t e n become a 
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great source of embarrassment f o r the government. Hanke and F o r t i n (1985), 

i n a survey of p r o v i n c i a l r e g u l a t i o n s , found that recovery of c o s t s was a 

common requirement f o r m u n i c i p a l water u t i l i t i e s . I n the United States 

there i s a general t r a d i t i o n that u t i l i t i e s are expected to cover t h e i r 

f u l l c o s t s . This t r a d i t i o n i s probably due to p u b l i c concerns over e q u i t y 

of t a x a t i o n and s u b s i d i z a t i o n . For example, the p u b l i c i n one area of the 

country i s u n l i k e l y to support s u b s i d i z a t i o n of power production i n another 

region . For these reasons, i t would be naive of economists to advocate 

pure marginal cost p r i c i n g without l o o k i n g at the i s s u e of cost recovery. 

I n t e r e s t i n t h i s i s s u e has spawned s i g n i f i c a n t " t h e o r e t i c a l development 

aimed at maximizing t o t a l b e n e f i t s subject to f u l l cost recovery. 

S o c i a l p o l i c y may d i c t a t e that water u t i l i t i e s not make a c o n s i s t e n t p r o f i t 

from t h e i r o p e r a t i o n s . Hanke and F o r t i n (1985) point out that p r o f i t s by 

water u t i l i t i e s are u s u a l l y against p r o v i n c i a l r e g u l a t o r y t r a d i t i o n i n 

Canada, and an excess p r o f i t can be e x p l i c i t l y p r o h i b i t e d or subject to 

r e g u l a r review- Many of. the p r i n c i p l e s developed i n the f o l l o w i n g s e c t i o n s 

can be used to d e a l w i t h excess p r o f i t s as w e l l as f i n a n c i a l l o s s e s . 

A. R e l a t i o n s h i p between Marginal Cost and Average Cost 

To j u s t break even, a water u t i l i t y would have to set i t s p r i c e equal to 

the average cost of s u p p l y i n g the water. Depending on the amount of water 

d e l i v e r e d , the average cost could be e i t h e r above or below the marginal 

c o s t . As shown i n Figure 7, marginal cost i s below average cost when 

average costs are d e c l i n i n g . I t i s above average cost when average costs 

are i n c r e a s i n g . Under marginal cost p r i c i n g , a d e f i c i t w i l l a r i s e i f 
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FIGURE 7 DEFICITS FROM MARGINAL COST PRICING 
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average cost i s above the marginal c o s t . Figure 7 i l l u s t r a t e s the 

s i t u a t i o n vhere the u t i l i t y charges a p r i c e P^, equal to the marginal c o s t . 

At t h i s p r i c e , the amount demanded would be equal to Q, and the average 

cost of production would be AC. The u t i l i t y would experience a d e f i c i t 

i n d i c a t e d by the shaded area. I f the p r i c e were set at P j , where demand i s 

equal to average c o s t , the u t i l i t y would break even. However, the 

r e s u l t i n g l o s s e s to consumers would be g r e a t e r than the gains to the 

u t i l i t y . The net l o s s i n b e n e f i t s would be equal to the area A plus B. 

I t i s a l s o p o s s i b l e that the optimal p r i c e , which occurs at the 

I n t e r s e c t i o n of marginal cost and the demand curve, could be higher than 

the average co s t . T h i s p r i c e would r e s u l t i n the u t i l i t y making a p r o f i t 

on i t s s a l e of water. I f the p r i c e were lowered to the same l e v e l as 

average c o s t , the p r o f i t would disappear and consumers would b e n e f i t . 

Despite the b e n e f i t s to consumers, a l o s s i n e f f i c i e n c y would r e s u l t 

because the g a i n i n consumer sur p l u s i s l e s s than the p r o f i t l o s t by the 

u t i l i t y . 

I n the short run, the average cost w i l l always be g r e a t e r than marginal 

cost i f there i s a f i x e d (overhead) cost that i s born by the u t i l i t y . 

Basing the p r i c e on short run marginal cost w i l l thus r e s u l t i n a net l o s s 

to the f i r m . Water supply u t i l i t i e s w i l l almost c e r t a i n l y have overhead 

c o s t s , so basing the p r i c e on short run marginal cost w i l l r e s u l t i n a 

f i n a n c i a l l o s s . 
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In the long run the average cost curve may be d e c l i n i n g i n the v i c i n i t y of 

the optimal p r i c e and the subsequent demand l e v e l . Average c o s t s decrease 

when there are economies of s c a l e that make i t more e f f i c i e n t to d e l i v e r 

l a r g e q u a n t i t i e s of water than s m a l l q u a n t i t i e s . Companies i n t h i s 

category are known as n a t u r a l monopolies, s i n c e i t i s more e f f i c i e n t to 

have one f i r m a c t i n g as a monopoly producing a l l of the output r a t h e r than 

having s e v e r a l s m a l l e r f i r m s undertake the same f u n c t i o n . I n the case of 

water u t i l i t i e s , there i s not much e m p i r i c a l evidence to assess whether 

average co s t s are d e c l i n i n g i n the long run. I n many ins t a n c e s i t would be 

reasonable to assume that there are economies of s c a l e i n water c o l l e c t i o n 

and d i s t r i b u t i o n , meaning that i t would be more e f f i c i e n t to have one 

c e n t r a l u t i l i t y undertaking t h i s f u n c t i o n . 

The problem of cost recovery f o r regulated n a t u r a l monopolies has been 

examined e x t e n s i v e l y i n the l i t e r a t u r e as i s di s c u s s e d i n subsequent 

s e c t i o n s . Methods of o b t a i n i n g f u l l cost recovery w i t h both uniform 

( s i n g l e p r i c e ) p r i c e systems and non-uniform ( m u l t i p l e p r i c e ) systems are 

presented. The p r i n c i p l e s discussed can a l s o be used f o r d i s t r i b u t i n g 

revenues back to consumers i f marginal cost p r i c i n g r e s u l t s i n a p r o f i t f o r 

the water u t i l i t y . 

B. Ramsey P r i c i n g 

Ramsey p r i c i n g i s one method of t r y i n g to maximize t o t a l b e n e f i t s w h i l e at 

the same time ensuring that the regulated f i r m does not i n c u r a l o s s . In 

i t s b a s i c form i t uses uniform p r i c e s to achieve t h i s o b j e c t i v e . A uniform 

p r i c e i s a u n i t p r i c e that does not vary w i t h the amount consumed; i t w i l l 
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not i n c l u d e any q u a n t i t y surcharges or d i s c o u n t s . The amount that a 

consumer pays i s a s t r a i g h t m u l t i p l e of t h i s p r i c e times consumption. 

P r i c e s that vary between i n d i v i d u a l s or groups of consumers, but are not 

based on the amount consumed, are a l s o c l a s s i f i e d as uniform p r i c e s . 

I f a f i r m i s r e s t r i c t e d to imposing a s i n g l e uniform p r i c e that does not 

vary between consumers, then the only way i t can recover c o s t s i s to charge 

a p r i c e equal to average c o s t . I f the f i r m i s given the o p t i o n of charging 

d i f f e r e n t p r i c e s among d i f f e r e n t groups of consumers, then i t i s p o s s i b l e 

to achieve cost recovery and increase the t o t a l b e n e f i t s compared to 

average cost p r i c i n g . This i s achieved by charging a g r e a t e r mark-up f o r 

the groups of consumers w i t h the most i n e l a s t i c demand, and a l e s s e r 

mark-up f o r those consumers w i t h e l a s t i c demands.^ When demands are 

i n e l a s t i c , the response i n q u a n t i t y demanded i s l e s s and by c o n c e n t r a t i n g 

the p r i c e increases i n these markets there w i l l be l e s s d e v i a t i o n from the 

optimal marginal p r i c e s o l u t i o n . 

The b a s i c problem i s to determine the o p t i m a l mark-up i n each market that 

w i l l maximize t o t a l b e n e f i t s w h i l e ensuring f u l l cost recovery. A formula 

f o r a c h i e v i n g t h i s o b j e c t i v e has been de r i v e d as shown i n equation ( 2 ) . 

P . - C . X 
(2) mark-up. = = 

P , 

1. The e l a s t i c i t y o f demand i s a measure of the response i n q u a n t i t y demanded 
to a change i n p r i c e . For a s m a l l change i n p r i c e i t i s d e f i n e d as: 

percentage change i n q u a n t i t y demanded 

percentage change i n p r i c e 
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vhere: 

?^ = p r i c e charged i n each user category 

= marginal cost f o r each user category 

X = constant 

= e l a s t i c i t y of demand f o r each user category 

In equation (2) the s u b s c r i p t i r e f e r s to the p a r t i c u l a r market served. 

For example, suppose there are t¥0 markets f o r water s u p p l i e d by the 

u t i l i t y ; a g r i c u l t u r a l and i n d u s t r i a l . The percentage mark-up over marginal 

cost f o r each market w i l l be determined by d i v i d i n g a constant X by the 

e l a s t i c i t y of demand f o r the r e s p e c t i v e market. I f , f o r example, 

i n d u s t r i a l water demand i s l e s s e l a s t i c than a g r i c u l t u r a l water demand, 

then i n d u s t r i a l users w i l l be faced w i t h a higher mark-up because t h e i r 

e l a s t i c i t y c o e f f i c i e n t e i s lower. The a c t u a l value f o r X i s found by 

t r y i n g d i f f e r e n t values u n t i l t o t a l cost of s u p p l y i n g water i s j u s t 

covered. The r u l e shown i n equation (2) i s known as the i n v e r s e e l a s t i c i t y 

r u l e ( l E R ) , as the mark-up i s i n v e r s e l y p r o p o r t i o n a l to the e l a s t i c i t y . I t 

i s a w e l l known r e s u l t i n the l i t e r a t u r e on optimal p r i c i n g , and the 

concept w i l l be encountered again i n some of the more complex p r i c i n g 

systems discussed i n a subsequent s e c t i o n . 

Ramsey p r i c i n g becomes more complicated i f the demand by one segment of the 

market i s r e l a t e d to the demand by other segments. This problem does not 

u s u a l l y occur i n water markets, as the demand f o r water by one group of 

users i s u n l i k e l y to be r e l a t e d to the water demand i n other markets. I f 

the marginal cost i s not constant, the Ramsey p r i c e s o l u t i o n w i l l become 
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more complex, although the general p r i n c i p l e w i l l s t i l l apply. 

The Ramsey p r i n c i p l e could a l s o be used as a method f o r d i s t r i b u t i n g 

excess p r o f i t s when they they occur. I n such cases, the users w i t h the 

i n e l a s t i c demands would be charged lower p r i c e s than the other users i n 

order to reduce the revenues to the u t i l i t y . By l o w e r i n g p r i c e s f o r the 

i n e l a s t i c users, the d e v i a t i o n from the optimum marginal cost s o l u t i o n w i l l 

be minimized. 

Two problems are apparent w i t h Ramsey p r i c i n g . F i r s t , the e l a s t i c i t i e s of 

demand w i l l have to be known f o r each market that the u t i l i t y serves. This 

type of i n f o r m a t i o n i s not easy f o r u t i l i t i e s to o b t a i n . The demand 

e l a s t i c i t i e s t y p i c a l l y have to be estimated by econometric s t u d i e s 

r e q u i r i n g e x t e n s i v e data. The second problem i s one of perceived e q u i t y or 

f a i r n e s s . The consumer groups w i t h the highest mark-up are not l i k e l y to 

consider Ramsey p r i c i n g as a f a i r system even though i t maximizes t o t a l 

b e n e f i t s subject to the u t i l i t y breaking even. However, i t may be p o s s i b l e 

to compensate the high mark-up users through a system of lump sum t r a n s f e r s 

that do not a f f e c t t h e i r d e c i s i o n on the amount consumed. 

C. Two Part T a r i f f s 

Another approach to ensuring that regulated firms break even, i s to charge 

an entry fee (connection charge) to consumers In a d d i t i o n to a uniform 

p r i c e per amount consumed. The e x t r a revenue gained from the connection 

2. The lump sum t r a n s f e r s may r e s u l t i n a s l i g h t Increase i n consumption 
because of an Income e f f e c t . Because consumers' incomes e f f e c t i v e l y Increase 
because of the t r a n s f e r s , they may choose to dispose of some of the e x t r a 
Income by i n c r e a s i n g consumption of water. 
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charge can help o f f s e t the l o s s to the u t i l i t y i f p r i c e s are set at or near 

marginal c o s t . The connection charge, because i t i s not r e l a t e d to the 

amount consumed, may not a f f e c t the consumption d e c i s i o n of an i n d i v i d u a l . 

I t seems l i k e l y then that a two part t a r i f f may a l l o w the u t i l i t y to 

break even w h i l e s t i l l maximizing t o t a l b e n e f i t s . 

1. The Coase Two Part T a r i f f 

The Coase two part t a r i f f , f i r s t suggested by Coase (1946), i s the simplest 

form of two part t a r i f f . I t charges a f i x e d connection charge that i s the 

same f o r a l l consumers and a s i n g l e p r i c e on consumption equal to marginal 

c o s t . The s i z e of the connection charge i s chosen so that i t e x a c t l y 

o f f s e t s the l o s s to the u t i l i t y that would occur w i t h a uniform p r i c e 

equal to marginal c o s t . The connection charge can be c a l c u l a t e d simply by 

d i v i d i n g the f i x e d costs by the number of connections. Equations (3) and 

(4) d e f i n e the Coase t a r i f f . 

(3) P = MC 

(4) E = FC/K 

where: 

P = p r i c e based on usage 

MC = marginal cost of supply 

E = f i x e d e ntry fee or connection charge 

FC = f i x e d or overhead costs to the f i r m 

K = number of connections 
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At f i r s t glance i t appears that the Coase t a r i f f should r e s u l t i n the 

maximum b e n e f i t s that would be obtained w i t h s t r a i g h t marginal cost 

p r i c i n g , w h i l e at the same time ensuring that the u t i l i t y breaks even. 

However, maximum b e n e f i t s w i l l not occur i f marginal consumers decide not 

to buy the product from the u t i l i t y because of the f i x e d connection charge. 

Under s t r a i g h t marginal cost p r i c i n g , these consumers would be part of the 

u t i l i t y ' s market and i f they cease purchasing from the u t i l i t y , a l o s s i n 

b e n e f i t s r e s u l t s . 

I t i s u n l i k e l y that customers of a water u t i l i t y would drop out of the 

market due to the i m p o s i t i o n of a f i x e d connection charge, e s p e c i a l l y i f 

there are no other sources of water f o r the consumer. I f there are no 

consumers, or i f there are a n e g l i g i b l e amount of consumers who would drop 

out, then the Coase t a r i f f w i l l maximize t o t a l b e n e f i t s w h i l e ensuring f u l l 

cost recovery f o r the u t i l i t y . Thus the Coase t a r i f f should warrant 

s e r i o u s c o n s i d e r a t i o n f o r a great many water u t i l i t i e s i n Canada. 

In some i n s t a n c e s , water u t i l i t i e s may be s u p p l y i n g customers who could 

f i n d other sources of supply at a reasonable c o s t . For example, some major 

i n d u s t r i a l users might f i n d i t more f e a s i b l e to supply t h e i r own water from 

w e l l s i f the f i x e d connection cost to the u t i l i t y were too high. In these 

cases a Coase t a r i f f might not be the most ap p r o p r i a t e p r i c i n g s t r u c t u r e . 

The Coase two part t a r i f f could be used by a water u t i l i t y that was making 

a p r o f i t on pure marginal cost p r i c i n g and wished to d i s t r i b u t e the e x t r a 

funds back to i t s customers. The f i x e d connection charge would take the 
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form of a refund i n s t e a d of a charge to the consumers. Note that the 

refund would be a f i x e d amount, not r e l a t e d to the amount of water consumed 

by each customer. Under such a system i t i s t h e o r e t i c a l l y p o s s i b l e , 

although u n l i k e l y , that some low volume users would a c t u a l l y r e c e i v e more 

from the refund than they paid through the usage charge. 

2. The Optimal Two Part T a r i f f 

The o p t i m a l two part t a r i f f i s the p a r t i c u l a r combination of connection 

charge and p r i c e that w i l l maximize t o t a l b e n e f i t s s u b j e c t to the 

c o n s t r a i n t that the u t i l i t y break even. The Coase t a r i f f w i l l be the 

optimal two part t a r i f f i f no consumers leave the market because of the 

connection charge. I f some consumers do drop out of the market because of 

the connection charge, the problem of f i n d i n g the optimal connection charge 

and p r i c e becomes more d i f f i c u l t . 

Determining the optimal two part t a r i f f i s c o n s i d e r a b l y more complex than 

determining the o p t i m a l uniform (Ramsey) p r i c e . The problem, however, can 

s t i l l be solv e d u s i n g the same gen e r a l p r i n c i p l e that i s used i n Ramsey 

p r i c i n g . To recover f u l l c o s t s , the p r i c e s e t t e r has the choice of e i t h e r 

i n c r e a s i n g the connection charge, i n c r e a s i n g the usage p r i c e , or i n c r e a s i n g 

both charges. The Ramsey p r i n c i p l e of i n c r e a s i n g the charge i n the most 

i n e l a s t i c markets where the l e a s t d i s t o r t i o n on q u a n t i t y demanded can be 

used. For example, i f consumer response i s extremely i n e l a s t i c to the 

connection charge, then the connection charge should be r a i s e d to recover 

c o s t s , and the usage charge can be l e f t near marginal c o s t . This process 

f o l l o w s a s i m i l a r l o g i c to the Ramsey i n v e r s e e l a s t i c i t y r u l e . 
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The c o m p l i c a t i o n w i t h two part t a r i f f s and the Ramsey p r i n c i p l e i s that 

c r o s s - e l a s t i c i t i e s between the connection charge and the usage p r i c e may be 

encountered. A c r o s s - e l a s t i c i t y occurs, f o r example, when an i n c r e a s e i n 

the usage p r i c e causes a decrease i n the number of connections. The Ramsey 

s o l u t i o n must take i n t o account the i n t e r a c t i o n between the two v a r i a b l e s 

and as a r e s u l t becomes q u i t e complex. Two c o n d i t i o n s that must hold f o r 

an optimal Ramsey two part t a r i f f are shown i n equations (5) and ( 6 ) . 

Equation (5) d e f i n e s the optimal mark-up on the connection charge. 

(5) E - V M (P-c) . Q 
- m 

where: 
E e E 

E = the connection fee ( e n t r y fee) 

V = the cost of adding an a d d i t i o n a l customer 

P = the usage p r i c e 

c = the marginal cost of the product 

= the q u a n t i t y demanded by the marginal consumer 

M = constant set high enough f o r the f i r m to cover 
a l l c osts 

c = e l a s t i c i t y of p a r t i c i p a t i o n w i t h respect to the 
connection charge 

The q u a n t i t y 0̂^̂  i s the amount demanded by the marginal consumer who would 

leave the market i f there were only a marginal increase i n the e n t r y fee. 

Equation (5) i s f a i r l y s i m i l a r to the b a s i c i n v e r s e e l a s t i c i t y r u l e shown 

i n equation (2), except that i t has the a d d i t i o n a l term on the r i g h t hand 

s i d e to account f o r the c r o s s - e l a s t i c i t y e f f e c t . 
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Equation (6) s e t s out the c o n d i t i o n f o r the optimal mark-up on the usage 

p r i c e , again accounting f o r the c r o s s - e l a s t i c i t y e f f e c t . 

(6) P - c ^ M 

P T 

where: 

P = the usage charge 

c = the marginal cost of supply 

M = constant set at s u f f i c i e n t r a t e to ensure 
cost recovery 

T = e l a s t i c i t y w i t h respect to the usage charge 

= Quantity demanded by the marginal consumer 

Q = average consumption 

Equation (6) again f o l l o w s the b a s i c Ramsey concept, marking up the usage 

charge i n i n v e r s e p r o p o r t i o n to the e l a s t i c i t y . The f i n a l term i n square 

brackets accounts f o r the c r o s s - e l a s t i c i t y w i t h the entry fee. 

When c a l c u l a t i n g the optimal two part t a r i f f . Information i s needed on both 

the e l a s t i c i t y of the connection charge and the usage p r i c e . At each p r i c e 

the q u a n t i t y demanded by the marginal consumer must be known so that the 

c r o s s - e l a s t i c i t y terms can be c a l c u l a t e d . This d e t a i l e d knowledge of 

i n d i v i d u a l demands f o r the s e r v i c e makes the a c t u a l c a l c u l a t i o n of the 

optimal two part t a r i f f very d i f f i c u l t . However, i f we can be reasonably 

c e r t a i n that the i m p o s i t i o n of a connection charge w i l l have a n e g l i g i b l e 

e f f e c t on the number of s u b s c r i b e r s , then the optimal two part t a r i f f w i l l 

be represented by the b a s i c Coase t a r i f f described e a r l i e r . 



- 32 -

D. M u l t i p a r t T a r i f f s 

A m u l t i p a r t t a r i f f i s a p r i c e schedule that has d i f f e r e n t r a t e s f o r 

d i f f e r e n t l e v e l s of consumption. I t i s sometimes r e f e r r e d to as a 

non-uniform p r i c e . The most common such t a r i f f i s the d e c l i n i n g block r a t e 

t a r i f f as shown i n Figure 8. This type of p r i c e schedule i s q u i t e commonly 

found among Canadian water u t i l i t i e s . Because h i g h volume users pay a 

lower u n i t p r i c e than low volume users, d e c l i n i n g b l o c k r a t e p r i c i n g i s 

sometimes considered i n e f f i c i e n t and w a s t e f u l . However, recent work on 

u t i l i t y p r i c i n g (Brown and S i b l e y , 1986) has shown t h a t , under some 

circumstances, d e c l i n i n g block r a t e p r i c i n g can be more e f f i c i e n t than 

s i n g l e or two part t a r i f f s f o r o b t a i n i n g f u l l cost recovery by the u t i l i t y . 

T his s e c t i o n summarizes the work of Brown and S i b l e y , showing why d e c l i n i n g 

block r a t e p r i c i n g can be an e f f i c i e n t p r i c e system i n some circumstances. 

The e f f i c i e n c y of d e c l i n i n g block r a t e s t r u c t u r e s a r i s e s because they a l l o w 

consumers to s o r t themselves onto v a r i o u s s e c t i o n s of the p r i c e schedule. 

Consumers have a range of choice; from low q u a n t i t i e s at a h i g h p r i c e to 

higher q u a n t i t i e s at a lower p r i c e . T h i s might seem to cause i n e f f i c i e n c y 

by rewarding higher consumption, but a c o r r e c t l y designed b l o c k r a t e system 

can make a l l consumers and the u t i l i t y b e t t e r o f f than a uniform t a r i f f . 

The e f f i c i e n c i e s can best be i l l u s t r a t e d by s t a r t i n g w i t h a s i n g l e p r i c e 

t a r i f f and comparing i t to a two part t a r i f f . To ensure cost recovery, the 

s i n g l e uniform p r i c e i s set equal to average cos t . The two part t a r i f f i s 

composed of an entry fee and a usage charge that i s l e s s than average cos t . 
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FIGURE 8 DECLINING BLOCK RATE TARIFF 
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Suppose there are two customers as shown i n Figure 9 , and i n i t i a l l y both 

are charged the s i n g l e average cost p r i c e equal to Pj^. What would happen 

i f they were o f f e r e d a choice between the average p r i c e t a r i f f and the two 

part t a r i f f c o n s i s t i n g of an e n t r y fee equal to the shaded area and a usage 

p r i c e equal to P 2 ? By moving from p r i c e PI to p r i c e P 2 , Consumer One 

increases h i s consumer sur p l u s by the area P j ^ , E j ^ , P 2 , E 2 . This increase i s 

not enough to o f f s e t the e n t r y fee, so he w i l l opt to s t a y w i t h the 

o r i g i n a l p r i c e , Pj^. Consumer Two would i n c r e a s e h i s consumer sur p l u s by 

the area P j , F ^ , P 2 , F 2 » which i s more than enough to o f f s e t the e n t r y fee so 

he would choose the two part t a r i f f w i t h an entry fee plus the P 2 usage 

charge. The u t i l i t y would a l s o increase i t s revenues as a r e s u l t of the 

entry fee and the Increased consumption (from point C to point D) by 

Consumer Two. Thus, as a r e s u l t of o f f e r i n g the o p t i o n a l two part t a r i f f . 

Consumer Two i s b e t t e r o f f , the f i r m increases i t s p r o f i t and Consumer One 

remains the same. The net r e s u l t i s a g a i n i n e f f i c i e n c y ( t o t a l of 

consumer plus producer s u r p l u s ) . 

Figure 10 shows the expenditures by consumers under the two o p t i o n a l p r i c e 

schemes. The shaded p o r t i o n of each p r i c e schedule represents the 

expenditure f u n c t i o n . At any consumption l e v e l l e s s than the c r i t i c a l 

l e v e l Q^, the consumer w i l l e l e c t to be on the shaded p o r t i o n of p r i c e 

o p t i o n 1 . I f h i s consumption i s g r e a t e r than Q̂ , he w i l l be on the shaded 

p o r t i o n of p r i c e o p t i o n 2 . Figure 1 1 shows the p o r t i o n of the p r i c e 

s t r u c t u r e that generates the expenditure f u n c t i o n . As can be seen, i t i s 

equivalent to a two part d e c l i n i n g block p r i c e schedule w i t h a change i n 

rates once consumption reaches the l e v e l Q̂ . 
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More s e c t i o n s on the d e c l i n i n g block r a t e schedule would be generated by 

adding f u r t h e r o p t i o n a l t a r i f f s . As long as the usage charge i s above 

marginal c o s t , the e f f e c t of adding more options i s to increase the 

e f f i c i e n c y of the system, a l l o w i n g consumers more choice of where they want 

to be on the p r i c e system. 

W i l l i g (1978) showed that i t i s always p o s s i b l e to c o n s t r u c t a non-uniform 

p r i c e schedule that w i l l improve e f f i c i e n c y over any uniform p r i c e system 

charging a p r i c e g r e a t e r than marginal c o s t . He a l s o demonstrates that no 

consumers w i l l be made worse o f f than they were under the uniform p r i c e . 

The f a c t that nobody w i l l be made worse o f f makes the adoption of such a 

p r i c e schedule e a s i e r f o r p o l i c y makers. Economists a l s o consider t h i s a 

d e s i r a b l e outcome of a p r o j e c t or p o l i c y s i n c e the i s s u e of compensation 

and f a i r n e s s w i l l not have to be addressed. A s i t u a t i o n where one or more 

i n d i v i d u a l s i s made b e t t e r o f f without anyone e l s e being made worse o f f i s 

known as a Pareto improvement i n the economy. Brown and S i b l e y (1986) show 

that i t i s o f t e n p o s s i b l e to o b t a i n a Pareto improvement through adding 

more blocks to an e x i s t i n g m u l t i p a r t t a r i f f . The a d d i t i o n a l b l o c k s should 

charge a usage p r i c e l e s s than previous blocks but g r e a t e r than marginal 

cos t . The a d d i t i o n of new block s can be done w i t h r e l a t i v e l y l i t t l e 

i n f o r m a t i o n about the consumer demand f u n c t i o n s . 

The improvement i n e f f i c i e n c y from adding more bl o c k r a t e s to a m u l t i p a r t 

t a r i f f suggests that maximum e f f i c i e n c y could be obtained by reducing the 

s i z e of the blocks and adding more of them u n t i l the p r i c e schedule becomes 

a smooth f u n c t i o n as shown i n Figure 12. A question remains as to the 
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shape of t h i s smooth f u n c t i o n . For example, should i t be s t e e p l y sloped or 

g e n t l y d e c l i n i n g , or should i t be convex or concave? I t i s p o s s i b l e to 

determine the optimum f u n c t i o n u s i n g the Ramsey p r i n c i p l e of i n c r e a s i n g 

p r i c e s vhere demands are more i n e l a s t i c . At each point on the q u a n t i t y 

a x i s of the p r i c e schedule there i s a corresponding p r i c e e l a s t i c i t y . The 

s i z e of t h i s e l a s t i c i t y depends on the r e l a t i v e d i s t r i b u t i o n of demands by 

i n d i v i d u a l consumers. Using the Ramsey p r i n c i p l e , a u t i l i t y v ould charge 

higher p r i c e s at q u a n t i t i e s where demand i s i n e l a s t i c . At each po i n t on 

the optimum p r i c e schedule equation (7) should apply. 

P - MC m 
(7) mark-up = = 

P e 

where: 

P = p r i c e charged 

MC = marginal cost of supply at Quantity Q 

m = constant that i s set high enough 
so that f i r m breaks even 

e = e l a s t i c i t y w i t h respect to p r i c e at 
q u a n t i t y Q 

The major d i f f i c u l t y i n determining the optimum smooth p r i c e schedule i s 

f i n d i n g the e l a s t i c i t y at each point on the q u a n t i t y a x i s . To do t h i s 

r e q u i r e s knowledge of the demand curve f o r each i n d i v i d u a l consumer. The 

problem can be s i m p l i f i e d somewhat by assuming that each consumer has a 

s i m i l a r sloped demand curve, but v a r i e s i n the absolute amount consumed at 

a given p r i c e . However, the r e l a t i v e d i s t r i b u t i o n of consumers according 

to q u a n t i t y consumed would have to be known. An extremely good data set on 

i n d i v i d u a l (or s m a l l groupings of i n d i v i d u a l s ) would be r e q u i r e d before an 
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a n a l y s t could c o n s t r u c t an o p t i m a l smooth p r i c e schedule v i t h reasonable 

accuracy. 

In p r a c t i c e , d e c l i n i n g block p r i c i n g can cause i n e f f i c i e n c i e s i f peak 

period usage i s aggregated v i t h non-peak period usage f o r b i l l i n g 

c a l c u l a t i o n s . As a r e s u l t the heavy peak p e r i o d users vould pay a l e s s e r 

p r i c e than the l o v e r non-peak us e r s . T h i s v o u l d be i n e f f i c i e n t because the 

peak pe r i o d users are r e s p o n s i b l e f o r the c a p a c i t y requirements of the 

system and thus have higher marginal c o s t s than the off-peak users (see 

Chapter IV). 

E. Summary 

In t h i s chapter i t has been shovn that marginal cost p r i c i n g , although 

e f f i c i e n t i n terms of maximizing consumer and producer s u r p l u s , may not 

r e s u l t i n the regulated f i r m breaking even and a l o s s or p r o f i t might 

r e s u l t . S u b s i d i z a t i o n of the regulated f i r m may not alvays be f e a s i b l e or 

even d e s i r a b l e from an economic and s o c i a l p o i n t of v i e v . Therefore, other 

p r i c i n g schemes vere examined to determine i f l o s s e s to the f i r m could be 

prevented w h i l e at the same time o b t a i n i n g the maximum b e n e f i t s from v a t e r 

use. These p r i c i n g schemes can a l s o be used as methods of d i s t r i b u t i n g 

excess revenues back to consumers i f the u t i l i t y i s i n a net p r o f i t 

s i t u a t i o n . 

The p r i n c i p l e of Ramsey p r i c i n g a l l o v s a mark-up i n c e r t a i n i n e l a s t i c 

segments of the market, so that the f i r m can cover f i x e d costs and break 

even. By charging higher p r i c e s i n i n e l a s t i c p o r t i o n s of the market, l e s s 
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d e v i a t i o n from the b e n e f i t maximizing marginal cost p r i c e s o l u t i o n occurs. 

The Ramsey p r i n c i p l e could be a p p l i e d to uniform p r i c e schedules i f the 

market could be segmented i n t o d i f f e r e n t consumer groups w i t h d i f f e r e n t 

e l a s t i c i t i e s of demand. I t could a l s o be a p p l i e d to non-uniform t a r i f f s 

(two part and m u l t i p a r t t a r i f f s ) i n order to achieve f u l l cost recovery 

w h i l e o b t a i n i n g the maximum b e n e f i t s p o s s i b l e . A c o n s i d e r a b l e amount of 

data about consumer demand and the d i s t r i b u t i o n of consumption among 

consumers would be necessary before optimal non-uniform t a r i f f s could be 

de r i v e d . 

I t was a l s o pointed out that the commonly o c c u r r i n g block r a t e s t r u c t u r e s 

o f t e n used i n Canadian u t i l i t i e s represent a s e t of o p t i o n a l two part 

t a r i f f s . T h i s type of p r i c e schedule, i f designed c o r r e c t l y , can be very 

e f f i c i e n t ; ensuring f u l l cost recovery w h i l e b e n e f i t i n g both low 

consumption and high consumption consumers. The p o t e n t i a l e f f i c i e n c y 

i ncreases as more r a t e blocks are added to the p r i c e schedule. The most 

e f f i c i e n t such schedule would be one that i s completely smooth. To design 

the most e f f i c i e n t smooth f u n c t i o n , c o n s i d e r a b l e i n f o r m a t i o n about the 

slope and d i s t r i b u t i o n of i n d i v i d u a l consumer demands i s r e q u i r e d . 

One encouraging r e s u l t from the theory reviewed i n t h i s chapter i s that a 

simple two part Coase t a r i f f can o f t e n lead to the same t o t a l b e n e f i t s from 

water use as would occur w i t h marginal cost p r i c i n g , as w e l l as ensuring 

complete cost recovery by the regulated f i r m . For the Coase t a r i f f to 

r e s u l t i n the maximum b e n e f i t s , i t i s r e q u i r e d that the connection charge 

or e n t r y fee not cause any marginal consumers to leave the market. For 
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most water u t i l i t i e s , t h i s would not be a problem, given the u n i v e r s a l 

requirement f o r water and the l a c k of a l t e r n a t i v e s i n many muni c i p a l 

markets. Furthermore, Coase p r i c i n g u s u a l l y w i l l not r e q u i r e d e t a i l e d 

Information about demand i n v a r i o u s markets and at v a r i o u s p r i c e s . Coase 

p r i c i n g would, t h e r e f o r e , warrant s e r i o u s c o n s i d e r a t i o n i n a p p l i c a t i o n s of 

p r i c i n g to water demand management. 

The p r i n c i p l e s discussed i n t h i s chapter have been based on s t a t i c models, 

without c o n s i d e r a t i o n of changes over time. The next chapter examines the 

i m p l i c a t i o n s of i n c r e a s i n g demands over time and the r e s u l t i n g needs f o r 

expansion of system c a p a c i t y . The e f f e c t s of p r i c i n g on the ti m i n g of 

system expansion and i n managing peak loads are disc u s s e d . 
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IV. WATER PRICING AND SYSTEM CAPACITY 

The c o r r e c t p r i c i n g p o l i c y f o r a water supply system i s dependent on both 

the current c a p a c i t y and f u t u r e needs f o r expansion. In f a c t , p r i c i n g and 

c a p a c i t y expansion should be considered simultaneously s i n c e the type of 

p r i c i n g w i l l e f f e c t the needs f o r f u t u r e c a p i t a l investment. Because of 

the h i g h costs of c a p a c i t y c o n s t r u c t i o n f o r most u t i l i t i e s , there has been 

consi d e r a b l e emphasis i n the l i t e r a t u r e on the j o i n t problem of c a p a c i t y 

expamsion and o p t i m a l p r i c i n g . 

T his chapter o u t l i n e s s e v e r a l i s s u e s r e l a t e d to system c a p a c i t y and 

marginal cost p r i c i n g . A d i s c u s s i o n i s presented comparing short run and 

long run p r i c i n g p o l i c i e s , and the concept of long, run marginal cost i s 

presented i n more d e t a i l . I t i s shown how the short and long run marginal 

cost curves can be used to d e r i v e an optimum p r i c i n g system when peak loads 

cause a s t r a i n on system c a p a c i t y . F i n a l l y , the i s s u e s of system expansion 

and p r i c e adjustments over time are addressed. 

A. Short Run and Long Run Marginal Costs 

The d i f f e r e n c e between short run and long run marginal costs can be 

i l l u s t r a t e d by the case of a u t i l i t y w i t h a f i x e d maximum c a p a c i t y . In the 

short run, output cannot be increased beyond the maximum c a p a c i t y . In the 

long run, the system can be expanded so that output can be increased beyond 

the short run maximum. An example of a f i x e d maximum c a p a c i t y would be a 

water d i s t r i b u t i o n system whose maximum d e l i v e r y c a p a c i t y i s l i m i t e d by the 

i n t a k e pipe diameter. In the short run, the water supply can be increased 
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to maximum c a p a c i t y v i t h only s m a l l incremental labour and pumping c o s t s . 

Once maximum c a p a c i t y has been reached, the diameter of the i n t a k e pipe 

w i l l have to be increased i n order to in c r e a s e output. The long run 

marginal costs of i n c r e a s i n g output w i l l t h e r e f o r e have to i n c l u d e the 

c a p i t a l c o s t s of i n c r e a s i n g the i n t a k e pipe c a p a c i t y . 

Figures 13 and 14 i l l u s t r a t e the case where c a p a c i t y i s f i x e d i n the short 

run. Figure 13 shows the t o t a l short and long run cost s f o r the output 

produced. The short run t o t a l cost curve r i s e s v e r t i c a l l y a f t e r the 

maximum c a p a c i t y point Q™, i n d i c a t i n g that output cannot b e increased 

beyond t h i s p o i n t . the short run curve a l s o begins at a poi n t FC on the 

v e r t i c a l a x i s that represents the s h o r t run f i x e d c o s t s . The long run 

t o t a l cost curve begins at the o r i g i n s i n c e a l l c o s t s are v a r i a b l e i n the 
M 

long run. A f t e r point Q , the costs of i n c r e a s i n g output are based on the 

long run cost curve. 

Figure 14 shows the short and long run marginal cost curves d e r i v e d from 

the t o t a l cost curves i n the previous f i g u r e . The short run marginal cost 

curve i s h o r i z o n t a l beginning at l e v e l V, which i s the slope of the short 

run t o t a l cost curve, u n t i l the maximum c a p a c i t y point i s reached at which 

point i t becomes v e r t i c a l . The long run marginal cost i n t h i s p a r t i c u l a r 

instance i s h o r i z o n t a l s t a r t i n g at point LMC, which i s the slope of the 

long run t o t a l cost curve, although i t could be i n c r e a s i n g or decreasing 

depending on the production process. 
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B. Short and Long Run Marginal Cost P r i c i n g 

I t becomes necessary to d i s t i n g u i s h between short and long run marginal 

cost p r i c i n g when demands are i n c r e a s i n g over time. I f demands were 

s t a b l e , there would be no need to address the i s s u e of f u t u r e expansion and 

p r i c e could be based on short run marginal c o s t . Any time there i s a s h i f t 

i n demand, represented by a s h i f t i n g of the whole demand curve, system 

managers must consider the i s s u e s of p r i c e adjustment and c a p a c i t y 

expansion. The f o l l o w i n g s e c t i o n s d i s c u s s i m p l i c a t i o n s f o r p r i c i n g when 

demands are i n c r e a s i n g over time. I n i t i a l l y , only two time periods are 

considered? the short run when c a p a c i t y i s f i x e d , and the long run when 

ca p a c i t y can be expanded and demand has increased. 

The short and long run demand curves are shown i n Figure 15. Using these 

demand curves, s p e c i f i c short and long run marginal cost p r i c i n g r u l e s can 

be d e r i v e d . The optimum short run p r i c e i s the i n t e r s e c t i o n of the short 

run demand and marginal cost curves. The r e s u l t i n g q u a n t i t y , Q i s 
s 

f e a s i b l e because i t i s below the maximum c a p a c i t y of the p l a n t shown by Q̂ . 

In the longer run the optimum p r i c e , Q̂^ i s given by the i n t e r s e c t i o n of the 

long run demand curve and the long run marginal cost curves. Note that the 

long run demand curve exceeds the short run c a p a c i t y , so that increased 

c a p a c i t y must be constructed. 

In the long run s i t u a t i o n shown i n Figure 15, the f i r m w i l l completely 

cover i t s c o s t s . The p r i c e , which i s set at long run marginal c o s t , i s 

a l s o equal to long run average c o s t , so the f i r m j u s t breaks even. The 

e q u a l i t y between long run marginal and average co s t s occurs because long 



Price 

Short r u n 
mat^inal cost 

Long run 
meoTginal cost 

Long run 

Qs <̂  
Quantity 

FIGURE 15 OPTIMAL SHORT RUN AND LONG RUN PRICES 



- 48 -

run marginal c o s t s are assumed to be constant (constant r e t u r n s to s c a l e ) . 

I t i s p o s s i b l e , however, that the long run marginal cost could be 

d e c l i n i n g . I n t h i s case s e t t i n g the p r i c e equal to long run marginal c o s t s 

would mean that the p r i c e charged would be l e s s than average co s t s and the 

f i r m would l o s e money. Conversely, i f long run marginal c o s t s are 

i n c r e a s i n g , s e t t i n g the p r i c e equal to marginal cost w i l l r e s u l t i n the 

f i r m making a p r o f i t . I t i s o f t e n assumed that u t i l i t i e s a re su b j e c t to 

constant r e t u r n s to s c a l e , so the marginal cost p r i c i n g r u l e w i l l r e s u l t i n 

the f i r m j u s t breaking even. 

The d e v i a t i o n s from the breakeven point w i l l l i k e l y be l e s s i n the long run 

than i n the short run even i f the f i r m i s not subject to constant r e t u r n s 

to s c a l e . I n the short run, the l o s s e s u s u a l l y occur because the f i x e d 

costs of producing the output are ignored i n the optimal p r i c i n g r u l e . 

In the long run these costs are v a r i a b l e and inc l u d e d i n the long run 

marginal c o s t . Only i f the f i r m were ex p e r i e n c i n g d r a m a t i c a l l y i n c r e a s i n g 

or decreasing long run marginal costs would a l a r g e d e v i a t i o n from the 

breakeven point r e s u l t . 

When p r i c i n g i s considered i n a planning context, long run co s t s and 

demands must be pr o j e c t e d . I t i s l i k e l y that long run costs can be 

estimated w i t h g r e a t e r accuracy than demands can be f o r e c a s t . Some e r r o r 

i n demand f o r e c a s t i n g i s probable, so that the plant may again end up wi t h 

e i t h e r excess or under c a p a c i t y . I f i t turns out that the plan t does have 

excess c a p a c i t y , as shown i n Figure 16, then the optimum p r i c e to charge 

would be P* which, although l e s s than long run marginal c o s t , ensures that 
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maximum c a p a c i t y , 0̂^̂  i s used. This w i l l r e s u l t i n a short term l o s s to the 

f i r m s i n c e the f u l l c o s t s are not covered by a p r i c e l e s s than long run 

average c o s t . I t i s not f e a s i b l e to charge a p r i c e equal to short run 

marginal c o s t , s i n c e t h i s would r e s u l t i n demand being g r e a t e r than the 

maximum c a p a c i t y . 

I f demand i s underestimated when c a p a c i t y i s expanded, then a p r i c e higher 

, thzm long run average cost w i l l have t o be charged i n order that p l a n t 

c a p a c i t y not be exceeded, as I l l u s t r a t e d i n Figure 17. A p r i c e equal to P* 

would have to be charged i n order to c o n s t r a i n demand to pla n t c a p a c i t y . 

Since P* i s above the long run marginal c o s t , the u t i l i t y w i l l make a 

p r o f i t on i t s s a l e s . The s i z e of the p r o f i t (or l o s s ) r e a l i z e d be the 

u t i l i t y i s a f u n c t i o n of the accuracy of the demand f o r e c a s t s . I f demand 

i s f o r e c a s t a c c u r a t e l y then there w i l l be n e i t h e r a p r o f i t or l o s s and the 

f i r m w i l l j u s t break even. This emphasizes the importance of o b t a i n i n g 

accurate demand f u n c t i o n estimates and growth f o r e c a s t s . 

C. Peak Load P r i c i n g 

The r e l a t i o n s h i p between long run marginal cost and p r i c e , shown p r e v i o u s l y 

i n F i g ure 15, a l s o provides a conceptual b a s i s f o r the problem of peak 

demands. Peak demands o f t e n create a problem i n water supply systems s i n c e 

the amount of water demanded i s l i k e l y to be h i g h l y dependent on the time 

of day or season of the year. Peak demands may be high enough that most of 

the e x i s t i n g or planned d e l i v e r y c a p a c i t y i s constructed f o r the purpose of 

sup p l y i n g these peak per i o d s . I n t u i t i v e l y , i t would seem reasonable to 

charge the peak period users w i t h more of the costs s i n c e t h e i r demands 
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have r e s u l t e d i n the increased need f o r d e l i v e r y c a p a c i t y . In c o n t r a s t , 

the off-peak users do not r e q u i r e the use of the e x t r a c a p a c i t y and so 

should be charged a l o v e r p r i c e . 

F i g u r e 18 CcUi be used to represent a tvo p e r i o d peak demand model. Tvo 

demand curves are shovn; the high peak demand and the l o v e r off-peak 

demand. This i s a s i m i l a r to the short and long run model that vas shovn 

i n F i g ure 15. The off-peak p e r i o d demand i s analogous to the short run 

demand and the peak period demand i s analogous to the long run demand. 

Using t h i s model, the off-peak users are charged a p r i c e of P-ĵ  and the peak 

users are charged the higher p r i c e of Pj^, and the r e s p e c t i v e q u a n t i t i e s 

demanded are and Q^. The high p r i c e paid by the peak period consumers 

i s based on the long run marginal cost and th e r e f o r e i n c l u d e s the marginal 

cost of the necessary c a p a c i t y as v e i l as o p e r a t i o n a l c o s t s . When planning 

p r i c e s and pla n t c a p a c i t y i n a peak load s i t u a t i o n , the p r i c i n g r u l e f o r 

peak periods can be r e s t a t e d as i n equation ( 8 ) . 

(8) P r i c e = MC + MCE 

vhere: 

MC = short run marginal cost 

MCE = marginal cost of c a p a c i t y expansion 

For the o f f peak p e r i o d s , p r i c e i s set equal to marginal cost s i n c e no 

e x t r a c a p a c i t y i s re q u i r e d to meet demands. 

The peak period p r i c i n g model shovn i n Figure 18 v i l l r e s u l t i n the maximum 

b e n e f i t s from v a t e r use. I t v i l l a l s o r e s u l t i n conservation of v a t e r and 
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reduce the amount of c a p a c i t y needed to s e r v i c e demands. I f a d i f f e r e n t 

p r i c i n g approach were used, f o r example a s i n g l e p r i c e l e v i e d on users i n 

a l l seasons, a l o s s i n e f f i c i e n c y would r e s u l t . A s i n g l e p r i c e system 

would b e n e f i t peak users at the expense of off-peak users and would r e s u l t 

i n a l o s s i n t o t a l b e n e f i t s . 

The continuous long run marginal cost curve, as was shown i n F i g u r e 15, i s 

d i f f i c u l t to estimate by econometric methods so some means of approximating 

the long run marginal cost w i l l have to be used. The p a r t i c u l a r d i f f i c u l t y 

w i l l be i n e s t i m a t i n g the marginal cost of c a p a c i t y expansion, s i n c e 

expansion t y p i c a l l y occurs only i n l a r g e increments r a t h e r than by marginal 

amounts. Some methods of approximating marginal c a p a c i t y cost have been 

developed that take i n t o account l a r g e increments i n planned expansion of 

ca p a c i t y . 

Herrington (1987) summarizes a number of approximation methods f o r marginal 

c a p a c i t y cost based on planned expansion. Any s e c t i o n of the curve 

r e p r e s e n t i n g marginal cost of c a p a c i t y expansion can be approximated by the 

increased c a p a c i t y costs r e s u l t i n g from a planned i n c r e a s e i n water supply. 

The b a s i c formula can be s t a t e d as i n equation ( 9 ) . 

(9) MCC = PWSC^ - P W S C 2 

PWQD 

where: 

MCC = Marginal Capacity Cost 

PWSC^ = Present worth of system costs w i t h one planned 
expansion 



- 54 -

PWSC2 = Present worth of system c o s t s w i t h a d i f f e r e n t 
planned expansion 

PWQD = Present worth of d i f f e r e n c e i n q u a n t i t y of water 
d e l i v e r e d under the d i f f e r e n t c a p a c i t i e s . 

The s e l e c t i o n of the PWSCl and PWSC2 v a r i a b l e s may be somewhat a r b i t r a r y i n 

p r a c t i c e , depending on the a v a i l a b i l i t y of cost data on planned expansions. 

A f a i r l y common method i s to consider the e f f e c t s of reducing growth i n 

demand f o r a s e l e c t e d s i n g l e year to zero, w i t h the r e s u l t that the next 

planned expansion can be delayed f o r one year. The delayed expansion costs 

are then used i n the c a l c u l a t i o n of the PWSC2 v a r i a b l e , w h i l e the o r i g i n a l 

planned expansion c o s t s are used f o r the FWSCl v a r i a b l e . 

An a l t e r n a t i v e method i s to c a l c u l a t e PWSC2 on the b a s i s of zero growth i n 

demand and no expansion costs f o r a s e l e c t e d planning h o r i z o n . The PWSC2 

v a r i a b l e thus reduces to zero i n equation ( 9 ) . PWSCl i s based on the 

current f o r e c a s t of demand growth over the same planning h o r i z o n . Using 

t h i s procedure, the marginal c a p a c i t y cost i s simply the costs of the next 

planned expansion, PWSCl, averaged over the expected Increase i n water 

d e l i v e r e d above current l e v e l s . 

A f i n a l note of c a u t i o n i s necessary before the peak loa d p r i c i n g r u l e i n 

equation (8) can be a p p l i e d . Some p u b l i c u t i l i t i e s have experienced a 

s h i f t i n g peak phenomenon where the peak demand s h i f t s from the high p r i c e 

p eriod to the low p r i c e p e r i o d . This may occur i f the p r i c e d i f f e r e n t i a l 

i s high r e l a t i v e to the demand d i f f e r e n t i a l i n the o r i g i n a l peak and 

off-peak periods. R e f e r r i n g back to Figure 18, i f the peak demand curve 

were lower and the long run marginal cost curve higher, the peak p r i c i n g 
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r u l e would cause a s h i f t i n peak load between the p e r i o d s . I n t h i s case 

the p r i c i n g r u l e would have to be modified to decrease the p r i c e 

d i f f e r e n t i a l between the two periods so that demands would be l e v e l e d out 

i n both p e r i o d s . 

Water supply u t i l i t i e s may or may not experience s h i f t i n g peaks under 

marginal cost p r i c i n g . When peak p r i c e s are charged on a seasonal b a s i s , 

they are u n l i k e l y to cause s h i f t i n g peaks, s i n c e seasonal uses such as lawn 

watering cannot be s h i f t e d to the off-peak winter p e r i o d . The peak load 

p r i c i n g r u l e , i f a p p l i e d to d a i l y peaks i n water use, might cause s h i f t i n g 

peaks, s i n c e there i s more leeway f o r consumers to s h i f t t h e i r water use to 

off-peak times of the day. 

D. Capacity Expansion 

In the long run, the questions of optimal p r i c i n g , o p t i m a l c a p a c i t y , and 

optimal t i m i n g of expansion must be considered simultaneously. The i s s u e 

of p r i c i n g cannot be separated from the i s s u e of when and by how much 

ca p a c i t y should be expanded. As was shown i n Figure 15, the optimal output 

and p r i c e over the long run i s determined by the i n t e r s e c t i o n of the demand 

curve and the long run marginal cost curve. In p r a c t i c e , the problem of 

optimal c a p a c i t y s e l e c t i o n i s more d i f f i c u l t because expansion can take 

place only on an incremental b a s i s . I n other words, there i s a c e r t a i n 

minimum economic l e v e l by which c a p a c i t y can be expanded. Expanding 

c a p a c i t y by l e s s than t h i s l e v e l may be u n f e a s i b l e or extremely c o s t l y over 

the longer run. This problem i s o f t e n r e f e r r e d to as the i n d i v i s i b l e or 

lumpy investment problem. 
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The lumpy investment s i t u a t i o n w i l l l e a d to problems w i t h both the t i m i n g 

of c a p a c i t y expansion and the c o r r e c t p r i c i n g regime. Given that expansion 

can take place only by minimum f i x e d increments, the t i m i n g of the 

expansion becomes importemt. I f c a r r i e d out too soon before demands have 

grown enough to warrant i t , the c a p a c i t y w i l l be unused f o r an excessive 

p e r i o d . I f expansion i s put o f f too long a shortage w i l l p e r s i s t r e s u l t i n g 

i n a l o s s of b e n e f i t s . Even i f c a p a c i t y i s c a r r i e d out at the c o r r e c t 

time, there w i l l s t i l l be a p e r i o d where c a p a c i t y w i l l not be u t i l i z e d 

f u l l y unless the p r i c e i s set lower than long run marginal c o s t . This w i l l 

be followed by a p e r i o d where the p r i c e i s set higher than marginal cost to 

ensure that c a p a c i t y i s not exceeded. 

The d e c i s i o n when to expand c a p a c i t y i s r e a l l y a b e n e f i t - c o s t d e c i s i o n as 

pointed out by Rees (1984). Figure 19 i l l u s t r a t e s the c o s t s and b e n e f i t s 

of expanding c a p a c i t y by the minimum f i x e d increment from Mĵ  to M2 i n a 

given year. The b e n e f i t s of the c a p a c i t y expansion are represented by the 

area under the demand curve to the r i g h t of M^ ,̂ which i s the o r i g i n a l 

c a p a c i t y c o n s t r a i n t . This area i s equal to the t r i a n g l e Mj^,e,g. The costs 

of expansion i n c l u d e the increase i n v a r i a b l e c o s t s equal to the r e c t a n g l e 

M^,M2,a,d plus the c a p i t a l c o s t s of c a p a c i t y expansion equal to the 

r e c t a n g l e a,b,c,d. I f i n a given year the b e n e f i t s of expansion are 

g r e a t e r than the c o s t s , then c a p a c i t y should be expanded to the new l e v e l . 

In the example i l l u s t r a t e d i n Figure 19, i t i s apparent that the costs of 

expansion are g r e a t e r than the b e n e f i t s . As demands grow over time, the 
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demand curve v i l l s h i f t outvard and the b e n e f i t s v i l l become l a r g e r v h i l e 

the c o s t s remain the same. At some point i n time, a c r i t i c a l year v i l l be 

reached vhere the b e n e f i t s of expansion e x a c t l y equal the c o s t s . This v i l l 

be the optimum time to expand c a p a c i t y . T h i s s i t u a t i o n i s i l l u s t r a t e d i n 

Figure 2 0 . As shovn i n t h i s f i g u r e , b e n e f i t s are equal to cos t s when the 

tvo t r i a n g l e s b,e,f and d,c,f are equal i n area. 

The o p t i m a l p r i c e v i l l f o l l o v a d e f i n i t e c y c l e d u r i n g the time between 

c a p a c i t y expansions. At any time before c a p a c i t y expansion, the p r i c e 

should be s u f f i c i e n t l y high to ensure that c a p a c i t y i s not exceeded. As 

demands increase over time, t h i s p r i c e w i l l have to be r a i s e d . E v e n t u a l l y 

a point w i l l be reached where i t becomes economic to expand c a p a c i t y to the 

next Incremental l e v e l . Once t h i s occurs, the p r i c e can be lowered to the 

point where the new c a p a c i t y i s completely u t i l i z e d . As demands Increase, 

the p r i c e w i l l again have to be increased and the c y c l e w i l l repeat. 

Figure 2 1 i l l u s t r a t e s the p r i c e c y c l e d u r i n g periods of demand Increase. 

I n i t i a l l y , there i s a maximum c a p a c i t y equal to M ^ . I n year zero, p r i c e 

should be set at P Q i n order not to exceed t h i s c a p a c i t y . In year one, when 

demands have increased the demand curve has s h i f t e d out to the l e v e l D^, 

and the p r i c e must be increased to P̂ ^ f o r c a p a c i t y not to be exceeded. In 

year two, demands again i n c r e a s e to the l e v e l At t h i s l e v e l of demand, 

i t becomes economical to expand to the next c a p a c i t y l e v e l designated by 

the v e r t i c a l l i n e The p r i c e can then be set at the lower l e v e l P 2 , 

where the new c a p a c i t y would be f u l l y u t i l i z e d . As demands Increase i n 
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periods three and £our, the p r i c e would again have to be augmented. 

E v e n t u a l l y a point would be reached where i t i s again economic to i n c r e a s e 

c a p a c i t y , t h i s time to the l e v e l H^, and the p r i c e could be lowered again. 

The p r i c e c y c l e i l l u s t r a t e d i n Figure 21 i s a l s o a p p l i c a b l e to peak load 

p r i c i n g . The c y c l e of i n c r e a s i n g p r i c e s , followed by system expansion and 

lower p r i c e s would be used i n the peak pe r i o d when c a p a c i t y c o n s t r a i n t s are 

encountered. I n the off-peak p e r i o d , there are no demands made on system 

c a p a c i t y , so the short run marginal p r i c e would s t i l l be used as the b a s i s 

of the p r i c e . 

The v a r i a b i l i t y of p r i c e s over time may be considered u n d e s i r a b l e by the 

p o l i c y maker, but there are p o s s i b i l i t i e s f o r m i t i g a t i n g the c y c l i c a l 

e f f e c t . In the f i r s t p l a c e , the a c t u a l c y c l e of optimal p r i c e s would not 

l i k e l y have the same amplitude as shown i n F i g u r e 21. Demands, on average, 

would probably only grow by one or two percent a year, so the r e s u l t i n g 

increase i n p r i c e s due to demand growth would not be dramatic on a year to 

year b a s i s . A two part Coase p r i c i n g t a r i f f might be used to average out 

the t o t a l amount that consumers pay over the years. This would be 

accomplished by i n c r e a s i n g or decreasing the f i x e d b lock part of the p r i c e 

over time to balance out f l u c t u a t i o n s i n the usage charge. A f i n a l 

a l t e r n a t i v e i s to i n s t i t u t e some l i m i t e d q u a n t i t y r a t i o n i n g and s e t t l i n g 

f o r a l e s s e r p r i c e increase when c a p a c i t y becomes c o n s t r a i n e d . This 

a l t e r n a t i v e w i l l r e s u l t i n a l e s s e f f i c i e n t a l l o c a t i o n of the a v a i l a b l e 

water than a pure p r i c e r a t i o n i n g scheme. 
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Demand and supply f l u c t u a t i o n s f o r v a t e r may a l s o shov s u b s t a n t i a l 

v a r i a t i o n s from year to year because of veather and ru n - o f f c o n d i t i o n s . 

These f l u c t u a t i o n s may i n f a c t be much g r e a t e r than in c r e a s e s i n demand 

caused by long-term po p u l a t i o n and economic grovth. Using p r i c e r a t i o n i n g 

i n such cases may not be f e a s i b l e because of the d i f f i c u l t y i n c a l c u l a t i n g 

and a d m i n i s t e r i n g a h i g h l y v a r i a b l e p r i c e . The problem vould be f u r t h e r 

complicated because of the time i t takes consumers to reduce consumption of 

v a t e r i n response to a p r i c e i n c r e a s e . Thus, i t may be necessary to accept 

some degree of q u a n t i t y r a t i o n i n g i n times of extreme f l u c t u a t i o n s i n 

run - o f f and i n veather r e l a t e d demands, d e s p i t e the l o s s i n e f f i c i e n c y 

that vould r e s u l t . 

The p r i c e c y c l e that vas i l l u s t r a t e d i n Figure 21 v i l l not n e c e s s a r i l y 

r e s u l t i n the u t i l i t y breaking even. There v i l l be periods vhen the p r i c e 

charged i s belov the long run marginal c o s t , but i n other periods the p r i c e 

w i l l be above long run marginal c o s t . On average, the u t i l i t i e s might be 

expected to approximately cover c o s t s , but t h e i r exact l e v e l of p r o f i t s or 

los s e s v i l l depend on a v a r i e t y of f a c t o r s such as the slope of the demand 

curves, the minimum c a p a c i t y increment and r a t e by v h i c h demands are 

i n c r e a s i n g . In t h i s s i t u a t i o n , A Coase tvo part t a r i f f could be used f o r 

a d j u s t i n g revenues to ensure that the u t i l i t y breaks even v h i l e m a i n t a i n i n g 

e f f i c i e n t a l l o c a t i o n of the a v a i l a b l e water. 

E. SUMMARY 

This chapter introduced the r e l a t i o n s h i p between system c a p a c i t y and wat 

p r i c i n g . The e f f i c i e n t p r i c e l e v e l was shown to be a f u n c t i o n of e x i s t i i 
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system c a p a c i t y . As demands increase over the long term, c o r r e c t p r i c i n g 

vould lead to optimal timing of c a p a c i t y expansion and maximum b e n e f i t s 

from v a t e r use. 

Much of the theory i n t h i s chapter r e s t s on the concept of long run 

marginal c o s t . Long run marginal cost i s defined as the marginal cost of 

an a d d i t i o n a l u n i t of output vhen a l l f a c t o r s of production ( i n c l u d i n g 

c a p i t a l ) can be v a r i e d . I t becomes r e l e v a n t to p r i c i n g vhen demands are 

i n c r e a s i n g over time and the short run plan t c a p a c i t y i s exceeded, thus 

r e q u i r i n g expansion of system c a p a c i t y . The general p r i c i n g r u l e d e r i v e d 

was to choose the p r i c e that vould r e s u l t i n an e q u i l i b r i u m betveen long 

run demand and long run marginal co s t . 

Long run marginal cost p r i c i n g provides a framevork f o r peak load p r i c i n g . 

Peak loa d use o f t e n accounts f o r most of the system c a p a c i t y r e q u i r e d i n a 

u t i l i t y . The peak p r i c i n g r u l e should then be a p p l i e d v i t h the peak users 

paying the costs of the e x t r a p l a n t c a p a c i t y , v i t h the non-peak users 

paying the short run marginal co s t . This p r i c i n g r u l e should be a p p l i c a b l e 

to water p r i c i n g u t i l i t i e s , s i n c e peak pe r i o d usage i s a common phenomenon 

i n water demands. 

The f a c t that system expansion can only be c a r r i e d out by minimum 

increments w i l l lead to problems i n s t r i c t a p p l i c a t i o n of long run marginal 

cost p r i c i n g . Because u t i l i t y c a p a c i t y can t y p i c a l l y only be expanded by 

"lumpy" increments, there w i l l be periods where there i s e i t h e r over 

c a p a c i t y or under c a p a c i t y . During periods of under c a p a c i t y , the p r i c e 



- 63 -

w i l l have to be set higher than the long run marginal c o s t . Conversely, 

during periods of over c a p a c i t y , a p r i c e lower than long run marginal cost 

would have to be charged so that the c a p a c i t y would be completely u t i l i z e d . 

T h is w i l l l e a d to a p r i c e c y c l e where p r i c e s i n c r e a s e over time u n t i l 

c a p a c i t y . i s expanded, at which point the p r i c e w i l l be lowered again. 

P o s s i b i l i t i e s f o r m i t i g a t i n g t h i s p r i c e c y c l e e x i s t through the use of two 

part t a r i f f s . 

The long run marginal cost p r i c i n g models discussed i n t h i s chapter do not 

ensure f u l l cost recovery by the u t i l i t i e s . However, they are more 

e f f e c t i v e i n cost recovery than the short run models discussed i n e a r l i e r 

chapters because some c o n s i d e r a t i o n i s given to c a p i t a l c o s t s . Whether 

costs are f u l l y recovered or not depends on a number of f a c t o r s i n c l u d i n g 

the slope of the long run marginal cost curve, the accuracy of demand 

f o r e c a s t s and ti m i n g of c a p a c i t y expansion. Approaches f o r re c o v e r i n g 

costs discussed i n the previous chapters such as Ramsey p r i c i n g and 

m u l t i p a r t t a r i f f s can be a p p l i e d to long run p r i c i n g s i t u a t i o n s . Again the 

p o s s i b i l i t y of usi n g Coase two part t a r i f f s to ensure f u l l cost recovery 

while m a i n t a i n i n g e f f i c i e n t p r i c i n g would seem e s p e c i a l l y a p p l i c a b l e to 

water u t i l i t i e s . 
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V. WATER PRICING - SPECIFIC PROBLEMS 

The previous chapters presented s e l e c t e d economic theory that could be 

g e n e r a l l y a p p l i e d to water p r i c i n g . Water, when considered as an economic 

commodity, has many unique q u a l i t i e s that must be considered before water 

p r i c i n g can be implemented. In the f i r s t p l a c e , water i s not manufactured. 

The supply i s f o r a l a r g e part dependent on nature, although man-made 

storage can m i t i g a t e seasonal v a r i a t i o n s i n supply. In many areas there 

are absolute r e s t r i c t i o n s on the amount a v a i l a b l e and q u a n t i t y r e s t r i c t i o n s 

have to be considered. On the demand s i d e , the p i c t u r e i s a l s o 

complex. Some demands are consumptive, w h i l e other uses such as f i s h 

h a b i t a t and hydro-power generation only use the water t e m p o r a r i l y and then 

r e t u r n i t to the system. To take i n t o account a l l the l i n k a g e s between 

supply and demand, water p r i c i n g should be considered i n the context of a 

complete water system or r i v e r b a s i n . The o b j e c t i v e of t h i s chapter i s to 

dis c u s s how the theory of e f f i c i e n t p r i c i n g can be used i n s p e c i f i c cases 

that are unique to water supply and demand. 

A. Quantity C o n s t r a i n t s 

In some instances the water s u p p l i e d by a u t i l i t y may be a f f e c t e d by the 

abso l u t e amount of water a v a i l a b l e . For example, r e s e r v o i r s fed by 

snow-melt are l i m i t e d by the p h y s i c a l amount of snow a v a i l a b l e . In some 

seasons, a r i v e r b a s i n may not have enough n a t u r a l r u n - o f f or water storage 

to meet a l l requirements. Some a l t e r n a t i v e sources of supply may be 

a v a i l a b l e through such mechanisms as i n t e r b a s i n t r a n s f e r or through bulk 

shipment, but these can be p r o h i b i t i v e l y expensive. A reasonable 
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a l t e r n a t i v e f o r coping w i t h w i t h shortages would be to use p r i c i n g as a 

means of reducing the amount of water demanded. 

I f there are p h y s i c a l c o n s t r a i n t s to the amount of water a v a i l a b l e , do the 

same p r i n c i p l e s of e f f i c i e n t p r i c i n g discussed i n previous chapters s t i l l 

apply? To examine t h i s q u e s t i o n , f i r s t c onsider the case where the 

marginal cost of s u p p l y i n g water i s zero or n e g l i g i b l e . F i gure 22 presents 

the case where there are two consumers of water and an absolute maximum on 

the water supply represented by Q^. T o t a l water use by the two consumers 

must be l e s s than or equal to water a v a i l a b l e . The problem i s to f i n d the 

p r i c i n g scheme that maximizes t o t a l b e n e f i t s of water use w h i l e s a t i s f y i n g 

t h i s c o n s t r a i n t . I t turns out that the optimal p r i c e i s ?*, a s i n g l e p r i c e 

charged to both users, as shown i n Figure 22. This p r i c e i s chosen such 

that the sum of Qj^ and Q2 i s equal to 0̂^̂. The reason why a s i n g l e p r i c e i s 

optimal goes back to the o r i g i n a l p r i c i n g r u l e presented i n Chapter I , 

which s t a t e d that p r i c e should be equal to marginal w i l l i n g n e s s to pay. By 

charging the same p r i c e f o r both users, t h e i r marginal w i l l i n g n e s s to pay 

w i l l be equal at t h e i r e q u i l i b r i u m consumption p o i n t . The o p t i m a l p r i c i n g 

r u l e when marginal costs are zero i s expressed by equations (10) and (11). 

(10) n 
(11) ^ Q2 + Q3 . Q„ < Q, max 
where: 

p r i c e s paid by customers 1 to n 

Ql ^° Qn = q u a n t i t i e s consumed by consumers 1 to n 

Q, max = maximum q u a n t i t y a v a i l a b l e 
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What happens i f there i s a non-zero marginal cost as w e l l as a maximum 

q u a n t i t y c o n s t r a i n t on the eunount of v a t e r a v a i l a b l e ? The ansver depends 

on the magnitude of the marginal cost r e l a t i v e to the p r i c e that vould j u s t 

s a t i s f y the q u a n t i t y c o n s t r a i n t . This s i t u a t i o n i s i l l u s t r a t e d i n Figure 

23, v h i c h shovs tvo p o s s i b l e l e v e l s of marginal c o s t , MC^ and MC2. MC^ i s 

belov the c r i t i c a l p r i c e ?*, and cannot be used as a b a s i s f o r s e t t i n g 

p r i c e , because the t o t a l q u a n t i t y demanded vould be g r e a t e r than the; 

maximum amount a v a i l a b l e . Therefore, one vould have to r e v e r t to the 

optimal p r i c i n g r u l e as expressed i n equations ( 1 0 ) and ( 1 1 ) and f i n d a 

higher p r i c e that would j u s t r e s u l t i n a l l of the a v a i l a b l e v a t e r being 

used. i s above the c r i t i c a l p r i c e P* and can t h e r e f o r e be used as the 

b a s i s f o r s e t t i n g the p r i c e . At p r i c e MC2, the q u a n t i t y demanded i s l e s s 

than the q u a n t i t y a v a i l a b l e and t o t a l b e n e f i t s from v a t e r use vould be at 

t h e i r maximum. 

Ve can more g e n e r a l l y s t a t e our p r i c i n g r u l e s f o r maximum q u a n t i t y 

c o n s t r a i n t s as f o l l o w s : 

1. P r i c e should be set so that the marginal w i l l i n g n e s s to pay i s the 

same f o r a l l users. 

2 . I f the marginal cost i s g r e a t e r than the c r i t i c a l p r i c e P* that 

would r e s u l t i n a l l of the water being consumed, then p r i c e should 

be set at marginal c o s t . 

3. I f the marginal cost i s l e s s than the c r i t i c a l p r i c e P* that would 

r e s u l t i n a l l of the water being consumed, then p r i c e should be set 

at P*. 



FIGURE 23 OPTIMAL PRICE WITH QUANTITY CONSTRAINT 
AND NON-ZERO MARGINAL COST 
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B. Vater Storage 

The f a c t that water can be c o l l e c t e d and s t o r e d i n a r e s e r v o i r f o r use i n a 

l a t e r time period has r a m i f i c a t i o n s f o r p r i c i n g of water use. S e l e c t i o n of 

e f f i c i e n t p r i c e s becomes a dynamic management problem, where p r i c i n g 

d e c i s i o n s i n one time period are not Independent of p r i c i n g d e c i s i o n s i n 

subsequent p e r i o d s . Therefore, an optimal p r i c e schedule c o v e r i n g a l l the 

time periods must be s e l e c t e d . In some cases t h i s can be done i n a f a i r l y 

s t r a i g h t f o r w a r d manner u s i n g the marginal cost p r i c i n g p r i n c i p l e s . In other 

cases a d e t a i l e d a n a l y s i s of the storage c a p a c i t y , water a v a i l a b l e f o r 

recharge and consumer demand f o r water must be simultaneously considered. 

The s i m p l e s t case i s a r e s e r v o i r w i t h a l i m i t e d storage c a p a c i t y that i s 

only f i l l e d once per year, w i t h no i n t r a - y e a r recharge. An example of t h i s 

would be a r e s e r v o i r i n a dry area that i s charged i n the s p r i n g by 

snowmelt, but r e c e i v e s no f u r t h e r water d u r i n g the r e s t of the year. A l l 

y e a r l y demands must be s u p p l i e d by the i n i t i a l amount of stored water 

a v a i l a b l e i n the s p r i n g . The storage w i l l a l l o w the water to be a l l o c a t e d 

over the course of the year. Figure 24 i l l u s t r a t e s such a case where there 

are three time periods i n the year each w i t h a unique demand curve 

based on seasonal requirements. I t can be seen from Figure 24 that such a 

sc e n a r i o i s analogous to the case of three separate users f a c i n g a maximum 

q u a n t i t y c o n s t r a i n t . The beginning storage l e v e l 0̂^̂, i s equivalent to an 

absolute maximum of water a v a i l a b l e . The three seasonal demand curves are 

equivalent to three separate demand curves i n a s i n g l e p e r i o d . The sum of 

the q u a n t i t i e s consumed i n each p e r i o d , Q l , Q2, and Q3, must be l e s s than 

the beginning storage l e v e l . Therefore, equations (10) and (11) can be 
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used to determine the optimal p r i c e . The s o l u t i o n would i n v o l v e s e t t i n g 

the same p r i c e i n a l l three time periods such that the t o t a l l i v e storage 

of the r e s e r v o i r i s depleted by the end of the l a s t p e r i o d . By s e t t i n g a 

common p r i c e , the marginal w i l l i n g n e s s to pay w i l l be the same i n a l l time 

periods and t o t a l b e n e f i t s w i l l be maximized. 

Optimal p r i c i n g w i t h storage becomes more d i f f i c u l t when there i s some 

recharge of the r e s e r v o i r s during the year. I t i s s t i l l p o s s i b l e to use 

the b a s i c s t r a t e g y of t r y i n g to ensure that the marginal w i l l i n g n e s s to pay 

i s the same i n a l l periods w h i l e u t i l i z i n g the maximum amount of water 

p o s s i b l e . This s t r a t e g y , however, may not r e s u l t i n maximum b e n e f i t s from 

water use i f there are l a r g e v a r i a t i o n s i n the n a t u r a l supply between 

periods. For example, i f there i s a l a r g e recharge that occurs only i n the 

l a s t p e r i o d , i t might be d e s i r a b l e to lower the p r i c e I n the f i n a l p e riod 

to ensure that a l l of the water s u p p l i e d by the recharge can be used. 

A l t e r n a t i v e l y , one could operate the storage i n order to u t i l i z e 

as much water as p o s s i b l e i n the previous periods and then r e l y on the 

recharge to meet the needs i n the f i n a l p e r i o d . By doing so, i t might be 

p o s s i b l e to ensure that the marginal w i l l i n g n e s s to pay i s equal i n a l l 

periods. 

The optimal p r i c i n g problem described i n the previous paragraphs i s complex 

because there are s e v e r a l v a r i a b l e s and options to cons i d e r . Both demands 

f o r water and n a t u r a l supply may vary from p e r i o d to p e r i o d . The manager 

or p o l i c y maker has to consider both the p r i c e charged and the q u a n t i t y 

released from storage i n each pe r i o d . Furthermore, he i s faced w i t h a 



- 72 -

r e s t r i c t i o n on the maximum c a p a c i t y of the r e s e r v o i r . I t may be h e l p f u l to 

take such a problem and d i v i d e i t i n t o tvo sub-problems, each of v h i c h i s 

more e a s i l y solved than the complete problem. The tvo sub-problems are: 

1. Determine the storage o p e r a t i o n (the amount of v a t e r released 

f o r use i n each pe r i o d ) that v i l l maximize t o t a l b e n e f i t s , 

2. Determine the p r i c e i n each p e r i o d that v i l l r e s u l t i n f u l l 

consumption of the v a t e r released i n each p e r i o d . 

Determination of the optimal storage regime i s a unique problem f o r each 

system. The t o t a l storage c a p a c i t y , recharge r a t e s and seasonal demands 

a l l enter i n t o the s o l u t i o n . Given t h i s i n f o r m a t i o n , i t i s p o s s i b l e to set 

the problem up as a mathematical programming problem, vhere the object i s 

to maximize t o t a l b e n e f i t s s u b j e c t to a number of c o n s t r a i n t s . These 

c o n s t r a i n t s vould represent the p h y s i c a l parameters of the problem such as 

storage balance, r u n - o f f i n each p e r i o d . Of course the demand curves i n 

each period v i l l have to be knovn i n order to determine the t o t a l consumer 

s u r p l u s . There are many examples of such maximization problems i n the 

l i t e r a t u r e , and computer s o l u t i o n s can u s u a l l y be obtained q u i t e e a s i l y i f 

a l l the data are a v a i l a b l e . 

Once the opt i m a l amount of v a t e r r e l e a s e d f o r consumption i n each p e r i o d i s 

computed, the optimal p r i c e s can be obtained q u i t e e a s i l y . The seasonal 

demand curves can be examined to see v h i c h seasonal p r i c e s v i l l e x a c t l y 

r e s u l t i n f u l l consumption of the v a t e r r e l e a s e d . These v i l l be the 

optimal p r i c e s . 
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C. Non-consumptive Demands 

Because water can o f t e n serve a u s e f u l purpose without a c t u a l l y being 

consumed, the a b i l i t y of p r i c i n g to serve as a demand management t o o l f o r 

non-consumptive uses deserves some discussiono I t may seem that p r i c i n g i s 

not a r e l e v a n t i s s u e , s i n c e i t w i l l not e f f e c t the amount of water 

consumed. As an example, consider the use of water f o r f i s h h a b i t a t . 

Charging a p r i c e to fishermen may reduce the amount of f i s h i n g , but w i l l 

not a f f e c t the amount of water a v a i l a b l e f o r h a b i t a t . I f one takes the 

example of a hydropower generation s t a t i o n , which i s a non-consumptive 

water user, i t a l s o seems unnecessary to impose a p r i c e , s i n c e a l l the 

water used w i l l be returned to the system. Nevertheless, i t can be shown 

that p r i c i n g may s t i l l be an app r o p r i a t e demand management t o o l , even f o r 

non-consumptive uses. 

Although i t i s not p o s s i b l e to put a d i r e c t p r i c e on instream uses such as 

f i s h h a b i t a t , such uses o f t e n occur i n competition w i t h consumptive uses. 

I f the c o r r e c t p r i c e i s a p p l i e d to these other consumptive uses, the 

optimum amount of water can be a l l o c a t e d towards each use. Figure 25 

i l l u s t r a t e s a case where there i s one consumptive user and one instream 

non-consumptive user and a c o n s t r a i n t on the t o t a l amount of water 

a v a i l a b l e . Note that i t i s s t i l l p o s s i b l e to d e f i n e a demand curve f o r 

the non-consumptive use even though p r i c e w i l l not e f f e c t the q u a n t i t y of 

water u t i l i z e d . The demand curve can be thought of as r e p r e s e n t i n g the 

marginal value product of water f o r the non-consumptive use. For example, 

i f the instream use i s f o r f i s h h a b i t a t , the demand curve r e f l e c t s the net 

value of the e x t r a f i s h per u n i t of water a v a i l a b l e f o r h a b i t a t . 
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In the example shovn i n Figure 25, the optimal p r i c i n g r u l e v i t h a q u a n t i t y 

c o n s t r a i n t i s s t i l l a p p l i c a b l e i f the tvo demands occur i n a s i n g l e reach. 

In t h i s case the demands are competitive i n that v a t e r d i v e r t e d f o r one use 

v i l l not be a v a i l a b l e f o r the other use. The b a s i c s t r a t e g y v i l l be to 

s e l e c t the p r i c e , P* f o r the consumptive user such that h i s marginal 

v i l l i n g n e s s to pay i s equal to the marginal value product f o r the 

non-consumptive use. Although the p r i c e does not d i r e c t l y a f f e c t the 

q u a n t i t y demanded by the non-consumptive user, i t does so i n d i r e c t l y 

through i t s e f f e c t on the consumptive user. The p r i c e causes the 

consumptive user to s e l e c t h i s ovn optimum q u a n t i t y , Q̂^ and the remaining 

v a t e r , Q2 v i l l go tovards the non-consumptive user. I f a p r i c e i s s e l e c t e d 

vhere the marginal v i l l i n g n e s s to pay by the consumptive user i s equal to 

the marginal value product of the instream use and a l l v a t e r i s a l l o c a t e d , 

then t o t a l b e n e f i t s v i l l be maximized. 

O c c a s i o n a l l y a s i t u a t i o n i s encountered vhere there are tvo or more 

non-consumptive uses competing v i t h each other. Although these uses do not 

a c t u a l l y consume v a t e r , they can be i n competition v i t h each other because 

the t i m i n g of t h e i r demands i s d i f f e r e n t . For example, instream f l o v s f o r 

f i s h e r i e s o c c u r r i n g i n the s p r i n g can compete f o r the same st o r e d v a t e r 

that i s re q u i r e d f o r r e c r e a t i o n a l l a k e l e v e l s i n the summer. Since both 

uses are non-consumptive and non-market, p r i c i n g v i l l not have any e f f e c t 

on the a l l o c a t i o n of the v a t e r and a l t e r n a t i v e methods of r e s o l v i n g the 

c o n f l i c t s v i l l have to be found. 

In some i n s t a n c e s , a non-consumptive use may not c o n f l i c t v i t h consumptive 
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uses. For example, i f a power s t a t i o n i s l o c a t e d upstream of a consumptive 

use such as i r r i g a t i o n , then the water used f o r power generation can a l s o 

be used f o r i r r i g a t i o n . There would be no sense i n charging the power 

s t a t i o n f o r water, unless there were some marginal cost i n v o l v e d i n 

d e l i v e r i n g i t to the s t a t i o n . I f there i s a non-zero marginal cost of 

d e l i v e r i n g water to the power s t a t i o n , then i t s p r i c e should be set at 

marginal c o s t . A p r i c e higher than marginal cost would be charged f o r the 

downstream consumptive use i f q u a n t i t y c o n s t r a i n t s were a f a c t o r . 

D. P r i v a t e Withdrawals 

In s e v e r a l areas of Canada p r i v a t e withdrawals of water are s i g n i f i c a n t and 

the q u e s t i o n of p r i c i n g f o r these uses i s important. Most of the concepts 

developed i n previous s e c t i o n s and chapters f o r p u b l i c u t i l i t i e s should 

a l s o apply to p r i v a t e a b s t r a c t i o n of water. The major d i f f e r e n c e that must 

be considered i s that s e l f - s u p p l i e d water users i n c u r the c a p i t a l and 

o p e r a t i n g costs of supply. 

1. P r i c i n g of S e l f - S u p p l i e d Users 

In theory, s e l f - s u p p l i e d users should be o p t i m i z i n g t h e i r consumption by 

a b s t r a c t i n g water u n t i l t h e i r marginal w i l l i n g n e s s to pay f o r i t i s equal 

to t h e i r marginal cost of withdrawing i t . Therefore, no p r i c e should be 

charged to these users i f there i s no a l t e r n a t i v e use f o r the water they 

use. I f there i s an opportunity cost to the water because of r e s t r i c t e d 

n a t u r a l q u a n t i t i e s , then i t would be necessary to l e v y an a d d i t i o n a l usage 

fee on these users i n order to o b t a i n an optimal a l l o c a t i o n of water. This 

a d d i t i o n a l charge has the e f f e c t of r a t i o n i n g the t o t a l water a v a i l a b l e . 
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The amount that should be charged i s shown i n Figure 26. I t i s the 

d i f f e r e n c e i n the marginal cost of supply, MC, borne by the p r i v a t e user 

and the optimal p r i c e , F* at which a l l water i s a l l o c a t e d . A s i m i l a r 

p r i n c i p l e would apply i f the a l t e r n a t i v e uses were non-consumptive. An 

e x t r a p r i c e would be charged such that the marginal w i l l i n g n e s s to pay by 

the p r i v a t e user was equal to the marginal value product of water f o r the 

non-consumptive use. 

When a p r i v a t e user and a p u b l i c u t i l i t y withdraw water from the same 

source, the p r i c i n g problem becomes more complex, e s p e c i a l l y i f there i s a 

seasonal p a t t e r n to supply and demand f o r water. An example i s a p r i v a t e 

user who withdraws water i n the summer, thereby reducing the amount of 

water a v a i l a b l e to the p u b l i c u t i l i t y . The u t i l i t y might have to 

respond by i n c r e a s i n g the storage c a p a c i t y of i t s r e s e r v o i r system to 

capture more of the n a t u r a l supply i n s p r i n g and w i n t e r . Thus, there i s a 

marginal c a p a c i t y cost a s s o c i a t e d w i t h the p r i v a t e user's consumption of 

water. This suggests that the peak load p r i c i n g r u l e can be a p p l i e d to the 

p r i v a t e user who should then be charged the marginal c a p a c i t y cost 

r e s u l t i n g from h i s water withdrawal i n the c r i t i c a l water-short pe r i o d s . 

Even i f there are no current a l t e r n a t i v e uses f o r the water that i s 

withdrawn by a p r i v a t e user, i t may s t i l l be d e s i r a b l e to charge a fee f o r 

the r i g h t to withdraw the water. This would be the case i f there were 

p o s s i b l e f u t u r e a l t e r n a t i v e uses f o r the water l i c e n s e d to the current 

user. Although water i s a renewable resource and the current consumption 

i s u s u a l l y not i n c o n f l i c t w i t h f u t u r e consumption, the r i g h t s to f u t u r e 
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water may be dependent on the curr e n t amount consumed or l i c e n s e d . Under 

the d o c t r i n e of p r i o r a p p r o p r i a t i o n , i t i s advantageous f o r a water user to 

apply f o r a l i c e n s e f o r the l a r g e s t q u a n t i t y of water p o s s i b l e i f there i s 

no charge r e l a t e d to the s i z e of the l i c e n s e . Future i n e f f i c i e n c i e s would 

r e s u l t i f new users, w i t h higher marginal w i l l i n g n e s s to pay, wish to use 

the same water source, but cannot because of the p r i o r a p p r o p r i a t i o n . The 

s o l u t i o n to t h i s problem would be to charge a fee to the current user based 

on the present value of the f u t u r e value of water to other users. 

2. Market Exchange of Water Rights 

S e l f - s u p p l i e d water users u s u a l l y have r i g h t s to or l i c e n s e s f o r the water 

they withdraw based on p r i o r a p p r o p r i a t i o n or r i p a r i a n r i g h t s . This system 

can o f t e n lead to i n e f f i c i e n t a l l o c a t i o n s of water because the value of the 

water may be higher f o r f u t u r e u n l i c e n s e d users than f o r the current 

l i c e n s e d users. Water p r i c i n g could be imposed on a l l users to reduce 

demand and f r e e up s u p p l i e s f o r f u t u r e users, thereby i n c r e a s i n g the 

b e n e f i t s from water use. L e g a l problems would s t i l l remain concerning the 

t r a n s f e r of l i c e n s e s f o r the fr e e d up s u p p l i e s . An a l t e r n a t i v e to 

government p r i c i n g on p r i v a t e withdrawals would be to a l l o w the buying and 

s e l l i n g of water r i g h t s on an open market. This would e f f e c t i v e l y t r a n s f e r 

the p r i c i n g f u n c t i o n from government to the market place. 

Under c e r t a i n c o n d i t i o n s , a market system could r e s u l t i n the same b e n e f i t s 

from water use as would occur under government regulated p r i c i n g . These 

c o n d i t i o n s would r e q u i r e that no s i n g l e current user be l a r g e enough to 

c o n t r o l or e f f e c t the market p r i c e . In other words, the market f o r water 
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r i g h t s would have to be co m p e t i t i v e . I f there were only one l i c e n s e d owner 

who was s e l l i n g r i g h t s to users, he could maximize p r o f i t s by r e s t r i c t i n g 

the amount s o l d , thereby i n c r e a s i n g the p r i c e . A competitive market would 

r e s u l t i n the complete use of a l l a v a i l a b l e water, a constant p r i c e to a l l 

users and the maximization of economic b e n e f i t s . 

A market f o r water r i g h t s a l s o allows non-consumptive users such as 

sport fishermen to have d i r e c t i n f l u e n c e on the a l l o c a t i o n of water between 

users. I f water i s s u p p l i e d by a government regulated p u b l i c u t i l i t y , 

non-consumptive users must r e l y on the u t i l i t y to a l l o c a t e water f o r 

non-consumptive uses even though the u t i l i t y does not r e c e i v e revenue from 

such uses. In a market system, the non-consumptive users could l e v y a tax 

on t h e i r own water based a c t i v i t i e s and use the proceeds to buy water 

r i g h t s from other users. 

In p r a c t i c e , a market system f o r water r i g h t s could be l e s s e f f i c i e n t than 

a system that uses a s i n g l e regulated u t i l i t y to supply water. A market 

system would be i n e f f i c i e n t when the costs of withdrawal and d i s t r i b u t i o n 

of water are l e s s f o r a s i n g l e agency than f o r many s m a l l i n d i v i d u a l u sers. 

This i s the n a t u r a l monopoly s i t u a t i o n r e f e r r e d to e a r l i e r i n Chapter I I . 

In the n a t u r a l monopoly s i t u a t i o n , i t i s more e f f i c i e n t to have a s i n g l e 

u t i l i t y s u p p l y i n g a l l the water at a p r i c e based on marginal cost than to 

have many s m a l l e r l i c e n s e e s a b s t r a c t i n g water and s e l l i n g i t on the open 

market. 
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E. N o n - C l a s s i c a l Demands 

C l a s s i c a l economic theory deals v i t h smooth and continuous dovnvard s l o p i n g 

demand curves. The d i s c u s s i o n to t h i s point has used these type of demand 

curves f o r convenience. These c l a s s i c a l demand curves o f t e n v i l l not g i v e 

a r e a l i s t i c d e p i c t i o n of the demand f o r v a t e r e s p e c i a l l y i n the short run. 

There may be upper l i m i t s on the t o t a l v a t e r demanded by v a r i o u s s e c t o r s 

due to such f a c t o r s as l i m i t a t i o n s on a v a i l a b l e land f o r i r r i g a t i o n . The 

demand curve may not be continuous or smooth due to the u n d e r l y i n g nature 

of the i n d u s t r y that r e q u i r e s the resource. I n other cases the demand 

curve v i l l be p r a c t i c a l l y i n e l a s t i c v i t h i n a v i d e p r i c e range. 

I t i s q u i t e p o s s i b l e that c e r t a i n s e c t o r s v i l l have p r a c t i c a l upper l i m i t s 

to the amount of v a t e r they v i l l consume. For example, the a g r i c u l t u r a l 

s e c t o r v i l l have an upper l i m i t dependent upon the i r r i g a b l e land 

a v a i l a b l e and the manufacturing s e c t o r ' s demand v i l l be l i m i t e d by the 

p h y s i c a l c a p a c i t y of t h e i r p l a n t s . These upper l i m i t s are represented by a 

v e r t i c a l or near v e r t i c a l s e c t i o n of the demand curve as shovn i n Figure 

27. In the example i l l u s t r a t e d , the marginal p r i c i n g r u l e v i l l s t i l l 

r e s u l t i n the maximum b e n e f i t s from v a t e r use. Hovever, a higher p r i c e up 

to the l e v e l of ?^ could be charged by the u t i l i t y and maximum b e n e f i t s 

vould s t i l l be obtained, s i n c e the q u a n t i t y demanded vould not change. The 

d i s t r i b u t i o n of the b e n e f i t s vould be e f f e c t e d by t h i s p r i c e increase v i t h 

some of the consumer sur p l u s being t r a n s f e r r e d to the u t i l i t y i n the form 

of increased revenues. 

I f there are a number of users, each of which has an upper bound c o n s t r a i n t 
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on h i s demand f o r v a t e r , the marginal cost p r i c i n g r u l e v i l l s t i l l r e s u l t 

i n the maximum b e n e f i t s from v a t e r use. As i n the case of a s i n g l e 

c o n s t r a i n e d user, the u t i l i t y v i l l have the o p t i o n to in c r e a s e p r i c e s f o r 

some users v i t h o u t a f f e c t i n g the o p t i m a l a l l o c a t i o n of v a t e r . I f there i s 

an absolute l i m i t on the amount of v a t e r a v a i l a b l e to these users, then 

maximum b e n e f i t s v i l l be obtained when a common p r i c e i s charged that i s 

j u s t high enough to ensure that a l l the v a t e r i s used. This i s e s s e n t i a l l y 

the same p r i c e r a t i o n i n g approach discussed e a r l i e r that can be used vhen 

there i s an absolute l i m i t on v a t e r a v a i l a b l e . 

The demand curve f o r v a t e r by c e r t a i n s e c t o r s may be composed of a s e r i e s 

of v e r t i c a l and h o r i z o n t a l s e c t i o n s v i t h a general dovnvard trend. This i s 

l i k e l y to happen i f there o n l y a f e v major users i n the s e c t o r vho use 

v a t e r i n f i x e d p r o p o r t i o n s to c e r t a i n processes. I t could a l s o occur i n 

the a g r i c u l t u r a l s e c t o r i f there are d i s t i n c t blocks of i r r i g a b l e l a n d , 

each v i t h d i f f e r e n t p r o d u c t i v i t y . At viery high p r i c e s of v a t e r , only the 

most productive block of land vould be i r r i g a t e d . As the p r i c e vas 

lov e r e d , the l e s s p roductive b l o c k s vould be added, r e s u l t i n g i n a s t e p v i s e 

d e c l i n i n g demand curve composed of v e r t i c a l and near h o r i z o n t a l segments. 

The marginal cost p r i c i n g r u l e and p r i c e r a t i o n i n g approach discussed 

e a r l i e r vould g e n e r a l l y be app r o p r i a t e f o r demands curves of t h i s type. 

F, Upstream and Dovnstream A l l o c a t i o n of Water 

In most of the cases discussed i n t h i s chapter, the supply of v a t e r was 

assumed to be a s i n g l e reach or r e s e r v o i r . Although t h i s may be 

appropriate f o r many water supply u t i l i t i e s , i t w i l l only provide a p a r t i a l 
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s o l u t i o n to the optimum p r i c i n g of water use i n a connected system. Many 

water supply systems are best considered part of a l i n k e d network of water 

storage, use and supply. In such cases a p r i c i n g system must consider the 

opportunity cost of water at each point i n the network, and attempt to 

maximize t o t a l b e n e f i t s from water use i n the whole system. 

The same b a s i c p r i n c i p l e s of e f f i c i e n t p r i c i n g w i l l apply i n a complete 

system such as a r i v e r b a s i n . The d i f f i c u l t y w i l l be i n the a c t u a l 

determination of these p r i c e s over the network. I f the network i s 

r e l a t i v e l y simple, then the p r i c e s can be determined i n a s t r a i g h t f o r w a r d 

manner based on the concepts discussed e a r l i e r . F i g ure 28 presents a 

simple case where there i s a l i m i t e d water supply that occurs only at the 

head of the system s e r v i n g three s e q u e n t i a l downstream users. Since the 

three users are competing f o r water from a s i n g l e source of supply, the 

s i t u a t i o n i s e x a c t l y analogous to m u l t i p l e use under a q u a n t i t y c o n s t r a i n t . 

The same r u l e i l l u s t r a t e d i n Figure 22 and o u t l i n e d i n equations (10) and 

(11) can be used to determine the best p r i c e . That i s , equate marginal 

w i l l i n g n e s s to pay by charging each user the same p r i c e , P* such that the 

t o t a l water supply, Qm i s completely u t i l i z e d . 

I t may w e l l be p o s s i b l e that the network has s e v e r a l supply nodes as w e l l 

as demand nodes as shown i n Figure 29. This case i s analogous to the 

s i n g l e node m u l t i p e r i o d storage s i t u a t i o n where some recharge occurs d u r i n g 

the year. The best s t r a t e g y i s to attempt to a l l o c a t e water to each user 

such that the marginal w i l l i n g n e s s to pay i s the same and that a l l the 

a v a i l a b l e supply i s used. As f o r the m u l t i p e r i o d case, t h i s w i l l not 
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always be p o s s i b l e . For example, i f there i s a l a r g e supply that i s only 

a v a i l a b l e to a downstream user, i t would probably be d e s i r a b l e to lower the 

p r i c e f o r t h i s user so that he would make use of the e x t r a water. 

The p r i c i n g problem becomes more complicated when m u l t i p e r i o d use and 

storage i s considered. The separate demand curves i n each reach and time 

p e r i o d would have to be inspected i n order to f i n d a p r i c i n g system that 

maximizes t o t a l b e n e f i t s . At t h i s l e v e l of complexity, the set of op t i m a l 

p r i c e s may be too d i f f i c u l t to f i n d by simple I n s p e c t i o n of the demand 

curves and water s u p p l i e s . I t would then be necessary to use the 

mathematical programming approach described e a r l i e r that accounts f o r 

li n k a g e s between reaches and time periods. 

G. Summary 

Water has s e v e r a l unique features that must be considered when determining 

optimal p r i c e s . Because i t i s a n a t u r a l l y o c c u r r i n g , non-manufactured 

commodity, i t s supply cannot be p e r f e c t l y c o n t r o l l e d . The a l l o c a t i o n and 

p r i c i n g of water must be subject to the n a t u r a l o c c u r r i n g v a r i a n c e and 

r e s t r i c t i o n s of supply. Optimal p r i c i n g systems must consider the timing 

and l o c a t i o n of t h i s supply as w e l l as storage management. On the demand 

s i d e , water i s a l s o unique i n that value can be obtained from i t without 

a c t u a l l y consuming i t . The consumptive and non-consumptive demands have to 

be considered i n a r r i v i n g at optimal p r i c e s . 

Some b a s i c s t r a t e g i e s were Introduced i n t h i s chapter. In p a r t i c u l a r , i t 

i s d e s i r a b l e , whenever p o s s i b l e , to charge users the same p r i c e i n order 
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that t h e i r marginal w i l l i n g n e s s to pay be equal. Where absolute q u a n t i t y 

c o n s t r a i n t s on the amount of water e x i s t , a p r i c e would have to be chosen 

that r e s u l t s i n an e q u i l i b r i u m between the amount of water a v a i l a b l e and 

the amount demanded. This s t r a t e g y could be a l t e r e d to ensure f u l l 

u t i l i z a t i o n of water supply that only occurs l o c a l l y or at s p e c i f i c times 

and i s not g e n e r a l l y a v a i l a b l e to a l l users. 

I t i s a l s o d e s i r a b l e to consider p r i c i n g i n the l a r g e r context that 

i n c l u d e s l i n k a g e s between downstream and upstream users. I f there are 

s i g n i f i c a n t l i n k a g e s w i t h i n the system, the optimal p r i c e regime f o r the 

whole system under study should be determined. In the context of r i v e r 

basin planning and management, p r i c e s f o r each time p e r i o d and reach should 

be determined simultaneously, s i n c e the optimal use of water at each point 

or time p e r i o d i s dependent on the o p p o r t u n i t i e s f o r i t s use elsewhere. I n 

such s i t u a t i o n s i t w i l l o f t e n be d i f f i c u l t to c a l c u l a t e the optimal set of 

p r i c e s u s i n g any of the simple r u l e s discussed i n t h i s chapter. 

Mathematical programming models or other o p t i m i z a t i o n techniques w i l l be 

req u i r e d to determine both optimal a l l o c a t i o n s and p r i c e s . Despite these 

d i f f i c u l t i e s , the optimal p r i c e s , i f c o r r e c t l y a d m i n i s t r a t e d , w i l l s t i l l 

accomplish the o b j e c t i v e s of a c h i e v i n g the maximum b e n e f i t s from water use. 
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VI. SUMMARY AND CONCLUSIONS 

In t h i s chapter the important concepts of the theory of p r i c i n g are 

summarized. Some conclusions are made about the theory most r e l e v a n t to 

water p r i c i n g that warrants f u r t h e r i n v e s t i g a t i o n . Environment Canada i s 

a c t i v e l y promoting e f f i c i e n t water p r i c i n g , and some steps i n t h i s process 

are d e s c r i b e d . A major f u n c t i o n i n t h i s process i s to generate and 

disseminate the t e c h n i c a l i n f o r m a t i o n necessary f o r e f f i c i e n t water 

p r i c i n g . As part of t h i s f u n c t i o n , i t i s recommended that Inland Waters 

D i r e c t o r a t e prepare g u i d e l i n e s on water p r i c i n g s u i t a b l e f o r use by 

m u n i c i p a l i t i e s and water management agencies. 

A. Summary 

Optimal p r i c i n g can be considered i n both a short run and a long run 

context. In the short run, when adequate system c a p a c i t y e x i s t s to supply 

a l l needs, p r i c e can be set equal to short run marginal c o s t s . System 

c a p a c i t y i s f i x e d and output can only be v a r i e d by changing the v a r i a b l e 

i n p u t s . In the long run, as demands increase or are p r o j e c t e d to i n c r e a s e , 

the q u a n t i t y demanded w i l l become higher than system c a p a c i t y i f p r i c e i s 

set equal to the short run marginal c o s t . When demands are i n c r e a s i n g over 

time, the long run marginal cost should be used as the b a s i s f o r s e t t i n g 

p r i c e s , s i n c e the planning process must at some point i n c o r p o r a t e an 

increase i n system c a p a c i t y . 

The theory of p u b l i c u t i l i t y p r i c i n g i n c l u d e s s e v e r a l concepts r e l e v a n t to 

water p r i c i n g . Foremost among these i s the concept of marginal cost 



- 90 -

p r i c i n g , which w i l l t h e o r e t i c a l l y r e s u l t i n the maximum b e n e f i t s from a 

commodity produced by a regulated u t i l i t y . M arginal cost p r i c i n g means 

s e t t i n g the p r i c e equal to the marginal cost of d e l i v e r i n g or producing a 

commodity. At t h i s p r i c e the t o t a l producer and consumer s u r p l u s i s 

maximized. I n the short run, marginal cost p r i c i n g does not ensure that 

the regulated f i r m w i l l break even. Many water u t i l i t i e s can be c l a s s i f i e d 

as n a t u r a l monopolies w i t h marginal costs g e n e r a l l y below average c o s t s . 

For these u t i l i t i e s marginal cost p r i c i n g w i l l r e s u l t i n a f i n a n c i a l l o s s . 

There are a number of reasons why p o l i c y makers might d e s i r e that p u b l i c 

u t i l i t i e s break even on t h e i r o p e r a t i o n , and there has been a general 

r e g u l a t o r y t r a d i t i o n i n North America that they do so. Economists have 

responded to t h i s t r a d i t i o n by developing a f a i r l y e x t e n s i v e body of theory 

on a c h i e v i n g maximum e f f i c i e n c y subject to a breakeven c o n s t r a i n t f o r the 

regulated f i r m . The major concepts i n t h i s theory, which can be a p p l i e d 

both i n the short run and long run, are summarized below. 

P r i c i n g systems are considered as e i t h e r uniform or non-uniform. A uniform 

p r i c e i s i n v a r i a b l e over the q u a n t i t y demanded. In other words, high 

q u a n t i t y users are not n e c e s s a r i l y charged a higher or lower p r i c e than the 

low q u a n t i t y users, although the p r i c e may s t i l l vary between d i f f e r e n t 

c l a s s e s of users. For example, a g r i c u l t u r a l users might be charged l e s s 

f o r water than i n d u s t r i a l users under a uniform p r i c i n g scheme. A 

non-uniform p r i c e v a r i e s w i t h the q u a n t i t y demanded. An example of a 

non-uniform p r i c e system i s the common d e c l i n i n g block r a t e p r i c e . Both 

uniform and non-uniform p r i c e systems have been developed that can 
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t h e o r e t i c a l l y r e s u l t i n f u l l cost recovery. 

Ramsey p r i c i n g i s a uniform p r i c e method of ensuring that the regulated 

f i r m breaks even v h i l e o b t a i n i n g the maximum b e n e f i t s p o s s i b l e . I t works 

by marking up the p r i c e charged to v a r i o u s c l a s s e s of users at d i f f e r e n t 

r a t e s depending on t h e i r e l a s t i c i t y of demand. Groups w i t h high demand 

e l a s t i c i t i e s are charged more than the low e l a s t i c i t y groups. This r e s u l t s 

i n a minimal d i s t o r t i o n from the optimal q u a n t i t y that would be demanded 

under pure marginal cost p r i c i n g . Although there i s e x t e n s i v e use of t h i s 

concept i n the t h e o r e t i c a l l i t e r a t u r e , i t i s d i f f i c u l t to apply i n p r a c t i c e 

because of the d e t a i l e d knowledge re q u i r e d about the demand e l a s t i c i t i e s of 

the v a r i o u s users. 

Non-uniform p r i c e s present some scope f o r o b t a i n i n g f u l l cost recovery w i t h 

a minimum l o s s of e f f i c i e n c y . In g e n e r a l , they take the form of m u l t i p a r t 

t a r i f f s , w i t h d i f f e r e n t block r a t e s depending on the amount demanded. I t 

was shown that d e c l i n i n g block r a t e t a r i f f s could be a h i g h l y e f f i c i e n t 

method of ensuring cost recovery and r e t a i n i n g the maximum b e n e f i t s 

p o s s i b l e . Such p r i c i n g schemes are e f f i c i e n t because they a l l o w consumers 

to s o r t themselves i n t o the most b e n e f i c i a l p r i c i n g block. I n c r e a s i n g the 

number of blocks on the schedule g e n e r a l l y i n c r e a s e s the e f f i c i e n c y of the 

p r i c i n g system. 

A simple Coase two-part t a r i f f , when used f o r water p r i c i n g , u s u a l l y 

r e s u l t s i n the same e f f i c i e n c y as pure marginal cost p r i c i n g and at the 

same time ensures f u l l cost recovery. This type of t a r i f f c o n s i s t s of a 
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f i x e d connection charge and a p r i c e r e l a t e d to usage. The p r i n c i p l e i s to 

set the p r i c e near the marginal cost and to use the f i x e d connection charge 

as a mesuis to c o v e r i n g the remaining c o s t s . Coase p r i c i n g w i l l be an 

e f f i c i e n t p r i c i n g scheme as long as the f i x e d charge does not cause 

s i g n i f i c a n t numbers of consumers to leave the market f o r the commodity. I n 

most cases i t would be an a p p r o p r i a t e p r i c i n g system f o r water u t i l i t i e s 

because consumers are not l i k e l y to leave the market because of the f i x e d 

connection charge. 

In a longer run planning h o r i z o n when system expansion must be considered, 

a l l i n p u t s , i n c l u d i n g c a p i t a l , are v a r i a b l e . In t h i s context the l o n g run 

marginal cost becomes the t h e o r e t i c a l b a s i s f o r optimal p r i c i n g . The long 

run marginal cost i s the marginal cost of producing an a d d i t i o n a l u n i t of 

output when a l l i n p u t s are v a r i a b l e . S e t t i n g the l o n g run demand equal to 

the long run marginal cost w i l l r e s u l t i n the maximum b e n e f i t s p o s s i b l e . 

The concept of l o n g run marginal cost p r i c i n g can a l s o be used as a 

framework f o r optimal peak load p r i c i n g . In many u t i l i t i e s the e x i s t i n g 

c a p a c i t y i s r e q u i r e d because of peak load demands. The b a s i c peak load 

p r i c i n g p r i n c i p l e s t a t e s that the peak load users should be charged the 

long run marginal cost while the o f f peak users should be charged the lower 

short run marginal c o s t . Peak load p r i c i n g should be considered by water 

u t i l i t i e s because seasonal demands are o f t e n r e s p o n s i b l e f o r most of the 

system c a p a c i t y requirements. 
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In p r a c t i c e the use of long run marginal cost p r i c i n g runs i n t o some 

d i f f i c u l t i e s because water supply systems cannot be co n t i n u o u s l y expanded 

from year to year. U s u a l l y , expansion i s only f e a s i b l e by minimum f i x e d 

increments. The timing of expansion depends on the s i z e of the increment 

and the r a t e by which demands are growing, and there may o f t e n be s e v e r a l 

years between c a p a c i t y expansions. During the i n t e r v e n i n g years demands 

w i l l continue to grow so s e t t i n g the p r i c e equal to long run marginal cost 

w i l l r e s u l t i n excess demand i n some years and u n d e r - u t i l i z e d c a p a c i t y i n 

other years. To ensure that supply and demands are kept i n e q u i l i b r i u m 

during a l l years, p r i c e s w i l l have to be c o n t i n u a l l y increased u n t i l an 

expansion takes p l a c e , and then decreased immediately f o l l o w i n g the 

expansion. The c y c l e w i l l be repeated as demands again i n c r e a s e . This 

c y c l i n g of p r i c e s i s e f f i c i e n t f o r maximizing consumer and producer 

s u r p l u s , but may be unde s i r a b l e because of the i n s t a b i l i t y i t causes. 

P o l i c y makers might wish to r e s o r t to some means of p r i c e s t a b i l i z a t i o n 

u t i l i z i n g connection charges or non-price r a t i o n i n g . 

In long run p r i c i n g models, the problem of cost recovery may s t i l l e x i s t 

although d e f i c i t s may not be as s e r i o u s as those encountered i n the short 

run. Many of the same p r i n c i p l e s used i n the short run p r i c i n g context can 

a l s o be used i n the long run to ensure cost recovery. For example, 

m u l t i p a r t t a r i f f s could s t i l l be a p p l i e d on a long run b a s i s . In t h i s r o l e 

they might serve the dual purpose of both p r i c e s t a b i l i z a t i o n and f u l l cost 

recovery. 
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B. Conclusions 

The theory discussed i n t h i s report i s p r i m a r i l y drawn from a body of 

economic l i t e r a t u r e concerned w i t h p u b l i c e n t e r p r i s e s and the r e g u l a t i o n of 

u t i l i t i e s o In gene r a l t h i s theory i s r e l e v a n t to most p u b l i c or 

cooperative water supply systems, although there are some s p e c i f i c aspects 

that are e s p e c i a l l y r e l e v a n t to water p r i c i n g . There are a l s o some 

p a r t i c u l a r f e a t u r e s of water that r e q u i r e some s p e c i a l t h e o r e t i c a l 

treatment. I n t h i s s e c t i o n the p a r t i c u l a r t h e o r e t i c a l aspects r e l e v a n t to 

water are h i g h l i g h t e d . These aspects of the theory deserve f u r t h e r study 

and development by p r o f e s s i o n a l s i n the f i e l d of water resources. 

Water p r i c i n g should be based on a standard d e f i n i t i o n of e f f i c i e n c y . In 

t h i s r e p o r t , and i n the vast m a j o r i t y of a p p l i e d w e l f a r e s t u d i e s , t o t a l 

consumer and producer su r p l u s i s used as an i n d i c a t o r of economic 

e f f i c i e n c y . Given i t s widespread use i n b e n e f i t - c o s t a n a l y s i s , i t i s 

probably the measure of choice f o r a n a l y s i s of water p r i c i n g . However, 

a n a l y s t s should be open to new methods of measuring or s p e c i f y i n g s o c i a l 

w e l f are and economic e f f i c i e n c y as they a r i s e . 

There are some economic arguments i n favour of p r i c i n g systems that achieve 

f u l l cost recovery. These i n c l u d e the avoidance of p o s s i b l e tax 

d i s t o r t i o n s that could r e s u l t from s u b s i d i z a t i o n and the tendency of 

planners to produce over - c a p a c i t y when t h e i r agency does not bear f u l l 

r e s p o n s i b i l i t y f o r c o s t s . A f u r t h e r p o l i c y argument f o r cost recovery i s 

that i t places the r e s p o n s i b i l i t y f o r finances on the users and avoids the 

is s u e of c r o s s - s u b s i d i z a t i o n where one group of users may f e e l that they 
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are u n f a i r l y f i n a n c i n g other users. The aspects of p r i c e theory that 

r e l a t e to cost recovery deserve p a r t i c u l a r study and understanding by 

f e d e r a l agencies. 

One of the most app r o p r i a t e p r i c e systems f o r f u l l cost recovery i s the 

Coase two part t a r i f f . T his t a r i f f c o n s i s t s of a f i x e d connection charge 

plus a charge based on usage. When used f o r water p r i c i n g , t h i s system 

w i l l probably r e s u l t i n the complete b e n e f i t s of pure marginal cost p r i c i n g 

w h i l e at the same time ensuring f u l l cost recovery. Water u t i l i t i e s are 

p a r t i c u l a r l y a p p r o p r i a t e f o r t h i s type of p r i c i n g because the connection 

charge i s u n l i k e l y to have any s i g n i f i c a n t e f f e c t on the number of users 

using the s e r v i c e . Furthermore, the Coase t a r i f f i s a f a i r l y simple 

p r i c i n g scheme and should be e a s i e r to implement than m u l t i p a r t t a r i f f s . 

There may be a few water supply u t i l i t i e s f o r which m u l t i p a r t t a r i f f s , as 

represented by d e c l i n i n g block r a t e schedules, may be the most ap p r o p r i a t e 

system. In cases where water users have a l t e r n a t i v e sources f o r t h e i r 

water, a m u l t i p a r t t a r i f f could be constructed that would be more e f f i c i e n t 

than the simple two-part Coase t a r i f f described above. In these 

s i t u a t i o n s , a d e c l i n i n g block t a r i f f can i n c r e a s e the revenue to the water 

supply u t i l i t y w h i l e i n c r e a s i n g the b e n e f i t s of many of i t s customers. 

The theory of peak load p r i c i n g i s d i r e c t l y a p p l i c a b l e to many water demand 

s i t u a t i o n s i n Canada. In many regions the g r e a t e r part of system c a p a c i t y 

i s constructed to meet peak summer demands. Peak load p r i c i n g would r e s u l t 

i n b e t t e r use of system c a p a c i t y and b e t t e r planning of f u t u r e 
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requirements. Because of the widespread nature of peak load demands, t h i s 

body of theory a l s o deserves con s i d e r a b l e focus i n e f f o r t s to implement and 

encourage e f f i c i e n t water p r i c i n g . 

System expansion i s an important i s s u e i n optimal water p r i c i n g . Correct 

p r i c i n g p o l i c i e s w i l l prevent premature expansion and maximize the b e n e f i t s 

that occur during the system expansion c y c l e . Because there i s a minimum 

economic increment by which expansions can be c a r r i e d out, there are l i k e l y 

to be periods where marginal cost p r i c i n g would lea d to an under or over 

demand on a system's c a p a c i t y . An e f f i c i e n t p r i c e r a t i o n i n g scheme would 

e x h i b i t a c y c l i c a l p a t t e r n over time, i n c r e a s i n g before system expansions 

and then decreasing immediately afterwards. Methods of s t a b i l i z i n g t h i s 

p r i c e c y c l e , w h i l e maintaining economic e f f i c i e n c y , warrant f u r t h e r 

examination. 

C. Recommendations f o r Further Research 

As s t a t e d i n the Federal Water P o l i c y document (Environment Canada, 1987), 

Environment Canada has made a commitment to encourage the a p p l i c a t i o n of 

water p r i c i n g . There are a number of r o l e s that Environment Canada could 

undertake i n promoting the a p p l i c a t i o n of p r i c i n g to encourage e f f i c i e n t 

water use. Some current a c t i v i t i e s by Inland Waters D i r e c t o r a t e i n c l u d e 

the f o l l o w i n g : i n c r e a s i n g the p u b l i c awareness of the e f f i c i e n c y of water 

p r i c i n g ; documenting current p r i c i n g p r a c t i c e s ; and, i n c r e a s i n g the 

awareness of water managers of the b e n e f i t s of demand management. An 

a d d i t i o n a l r o l e that would be e f f e c t i v e would be that of inf o r m a t i o n 

broker, p r o v i d i n g t e c h n i c a l i n f o r m a t i o n to the numerous water s u p p l y i n g 
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u t i l i t i e s and p r i c e s e t t i n g agencies i n the country. As can be seen from 

the t h e o r e t i c a l m a t e r i a l summarized i n t h i s r e p o r t , the i s s u e of water 

p r i c i n g i s complex, and i n d i v i d u a l water u t i l i t i e s w i l l l i k e l y not have the 

t e c h n i c a l e x p e r t i s e to determine the p r i c i n g system most s u i t e d to t h e i r 

s i t u a t i o n . 

A recent survey of m u n i c i p a l water ra t e s i n Canada (Environment Canada, 

1989) showed co n s i d e r a b l e i n c o n s i s t e n c y i n p r i c i n g systems. The study 

concluded that water ra t e s f a i l e d to meet the c r i t e r i a of economic 

e f f i c i e n c y and cost recovery. This f a i l u r e suggests a l a c k of c l e a r and 

a c c e s s i b l e i n f o r m a t i o n on c o r r e c t water p r i c i n g that can be used by 

m u n i c i p a l r a t e s e t t i n g a u t h o r i t i e s . One f a i r l y widespread i n f o r m a t i o n 

source i s the manual on water supply p r a c t i c e s by the American Water Works 

A s s o c i a t i o n (1983) which provides some g u i d e l i n e s f o r r a t e s e t t i n g . These 

g u i d e l i n e s streiss cost recovery and e q u i t y r a t h e r than economic e f f i c i e n c y . 

There does not appear to be any other standard and understandable reference 

on water p r i c i n g that i s based on e f f i c i e n t marginal cost p r i c i n g 

p r i n c i p l e s . 

Inland Waters D i r e c t o r a t e i s i n a p o s i t i o n to supply c o n s i d e r a b l e 

i n f o r m a t i o n and e x p e r t i s e to agencies wishing to implement e f f i c i e n t 

p r i c i n g s t r a t e g i e s . When p r o v i d i n g t h i s i n f o r m a t i o n , i t would be u s e f u l to 

consider two c a t e g o r i e s of water p r i c i n g : (1) p r i c i n g f o r p u b l i c water 

u t i l i t i e s ; and, (2) p r i c i n g of p r i v a t e withdrawals of water. In the f i r s t 

case, the i n f o r m a t i o n would be provided to m u n i c i p a l i t i e s or l o c a l 

governments that operate water u t i l i t i e s . In the second case, the 
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i n f o r m a t i o n on water p r i c i n g would be of use to p r o v i n c i a l and t e r r i t o r i a l 

governments that have the r e s p o n s i b i l i t y of l i c e n s i n g and c o n t r o l l i n g 

p r i v a t e withdrawals of water. Information could be provided to these 

agencies on the most app r o p r i a t e p r i c i n g systems, data requirements and the 

kinds of a n a l y s i s r e q u i r e d . E m p i r i c a l i n f o r m a t i o n from our current 

databases £Uid our own research would a l s o be extremely u s e f u l . 

An important step i n c a r r y i n g out the r o l e of i n f o r m a t i o n broker would be 

to prepare a report or r e p o r t s on f e d e r a l g u i d e l i n e s to water p r i c i n g . An 

i n i t i a l report should be prepared f o r m u n i c i p a l u t i l i t i e s w i shing to 

implement e f f i c i e n t p r i c i n g systems. Subsequently, a report could be 

prepared w i t h g u i d e l i n e s f o r p r o v i n c i a l and l o c a l governments on p r i c i n g of 

p r i v a t e withdrawals. These r e p o r t s would c o n t a i n a summary of the r e l e v a n t 

theory, the a v a i l a b l e data, the demand and cost f u n c t i o n s r e q u i r e d and the 

b a s i c process to be followed i n determining the best p r i c i n g system. 

Pr e p a r a t i o n of such r e p o r t s would represent a c o n s i d e r a b l e commitment by 

Inland Waters D i r e c t o r a t e , and would r e q u i r e input and review from other 

agencies and the academic community. These r e p o r t s would represent an 

e f f e c t i v e method of assembling the current knowledge and e x p e r t i s e i n t o 

p r a c t i c a l and a c c e s s i b l e t o o l s f o r use by water managers and planners. The 

contents of the proposed r e p o r t s are explained i n more d e t a i l below. 

1 . T h e o r e t i c a l Contents 

The t h e o r e t i c a l d i s c u s s i o n would be minimal, o u t l i n i n g only the b a s i c 

concepts r e q u i r e d , and the r e l e v a n t type of p r i c i n g systems. Emphasis 

would be placed on the most r e l e v a n t theory discussed i n the previous 
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sections. 

2. Description of Process for Setting Prices 

The general process would Involve choosing the correct t h e o r e t i c a l p r i c i n g 

model, then estimating the demand and cost functions necessary to implement 

i t . The correct t h e o r e t i c a l model would depend on the p a r t i c u l a r features 

of the water u t i l i t y or the kind and l o c a t i o n of p r i v a t e withdrawals. In 

general, the p r i c i n g models for municipal u t i l i t i e s would emphasize 

marginal cost p r i c i n g and would incorporate theory r e l a t e d to system 

expansion. For private withdrawals, where i n d i v i d u a l water users bear 

t h e i r own d i r e c t costs of supply, the problem would be one of choosing 

correct prices to r a t i o n and a l l o c a t e water between d i f f e r e n t uses. 

Estimation of the cost and demand functions may turn out to be unfeasible 

for i n d i v i d u a l u t i l i t i e s without the help of outside expertise. The report 

should c l e a r l y set out these Information requirements. 

3. Data and Information Requirements 

As can be seen from previous chapters of t h i s report, information 

requirements to determine an optimum pr i c e schedule are s i g n i f i c a n t . The 

report should o u t l i n e these information requirements and where possible, 

supply the information that has already been assembled i n previous studies. 

Knowledge of the consumer demand functions for water w i l l sometimes be 

required. The demand functions w i l l vary according to many geographical 

v a r i a b l e s , and may be quite s p e c i f i c to the p a r t i c u l a r water supply 

u t i l i t y . In c e r t a i n s i t u a t i o n s , demand estimates for both consumptive and 

non-consumptive water uses w i l l be required. Demand forecasts are also 
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necessary f o r determining optimal t i m i n g of system expansion and f u t u r e 

p r i c e l e v e l s . Econometric e s t i m a t i o n of the demand r e l a t i o n s h i p s w i l l 

sometimes be necessary although, i n other cases, e x i s t i n g estimates of 

p r i c e e l a s t i c i t i e s may be adequate. 

A range of cost f a c t o r s must be known to determine o p t i m a l p r i c e s f o r 

munic i p a l u t i l i t i e s . Some knowledge of costs f o r p r i v a t e water withdrawals 

w i l l a l s o be necessary to set optimal p r i c e s f o r s e l f s u p p l i e d f i r m s or 

i n d i v i d u a l s . Foremost among these are the long and short run marginal cost 

curves. Knowledge of t o t a l and average costs w i l l a l s o be re q u i r e d to 

ensure cost recovery. Again the cost f u n c t i o n s are l i k e l y to very s p e c i f i c 

to the p a r t i c u l a r u t i l i t y . E ngineering cost data are o f t e n a v a i l a b l e but 

methods f o r e s t i m a t i n g marginal o p e r a t i n g and marginal c a p a c i t y costs from 

these data w i l l have to determined. 

As part of the program a c t i v i t i e s of Inland Waters D i r e c t o r a t e , a number of 

econometric water demand s t u d i e s have been completed or are c u r r e n t l y 

underway i n c l u d i n g R e n z e t t i (1988), Shaw (1988) and Gai (1989). In many 

instances water management agencies w i l l be able to use the demand 

r e l a t i o n s h i p s from these s t u d i e s , r a t h e r than having to undertake new 

demand s t u d i e s s p e c i f i c to t h e i r s i t u a t i o n . The report on water p r i c i n g 

g u i d e l i n e s w i l l present a summary of the a v a i l a b l e demand in f o r m a t i o n and 

w i l l d i s c u s s s i t u a t i o n s where supplementary s t u d i e s should be c a r r i e d out. 

L i t t l e work has been done i n Canada on cost f u n c t i o n e s t i m a t i o n f o r water 

u t i l i t i e s except by R e n z e t t i (1989), who used an econometric approach to 
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estimate marginal costs of the Greater Vancouver water supply system. 

Given the importance of cost f u n c t i o n s f o r determining optimal water 

p r i c i n g , t h i s area deserves much more emphasis i n research programs i n both 

government and academic communities. 
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