
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Working Paper 

g5'-c2 

AUG 7 1981 

ON OPTIMAL INVESTMENT IN AND PRICING 
OF PUBLIC INTERMEDIATE GOODS 

by 

George F. Rhodes, Jr. 
and 

Rajan K. Sampath 

ANRE Working Paper WP:85-2 
~ 

vColorado State University 
Department of Agricultural 

and .Natural Resource Economic$j 



ON OPTIMAL INVESTMENT IN AND PRICING 
OF PUBLIC INTERMEDIATE GOODS 

by 

George F. Rhodes, Jr. 
and 

Rajan K. Sampath 

ANRE Working Paper WP: 85-2 
~ 



The Working Paper Reports are outlets for preliminary research 
findings and other activities in process to allow for timely 
dissemination of results. Such material has only been subjected 
to an informal professional review because of the preliminary 
nature of the results. All opinions, conclusions or recommendations 
are those of the authors and do not necessarily represent those of 
the supporting institutions. 

Working Paper WP:85-2 
Department of Agricultural and Natural Resource Economics 

Colorado State University 
Fort Collins, Colorado 

June 1985 



ON OPTIMAL INVESTMEh~ .IN AND PRICING 

OF PUBLIC INTERMEDIATE GOODS 

George F. Rhodes, Jr. 

Departmer.t of Economics 

Rajan K. Sampath 

Department of Agricultural a~d 
Natural Resource ECOr:8rr.ics 

Colorado state Cniversity 

Fort collins, Colorado 80523 

September 198~ 



1 

INTRODUCTION 

The general theory of second best is powerful for providing 

insights into a variety of public policy problems. Its basic 

provision is that an economy constrained away from any condition 

necessary to achieving its Pareto optimum will also be required 

to violate the other Pareto conditions if a second best optimum 

is to be achieved. 1 This powerful and elegant result shows the 

futility of piecemeal policy making aimed at preserv ~ng as many 

as possible of the optimality conditions when policy prescrip-

tions or actual conditions require violating one or more of 

them. The theory has applications in almost all of economic 

planning and policy making, even in economies nearly free from 

price-making firms or government regulation. 

However, applications of the theory of second best have 

primarily focused on regulation of existing industries, particu-

larly natural monopolies, and creation of taxation schema for 

existing political-economic systems. Previous research has 

focused mainly on creation of optimal pricing mechanisms for the 

regulation of public enterprises and monopolies. Feldstein 
~ 

(1972a, 1972b) considered the case of publicly produced factors 

being sold downstream both for final consumption and as factor 

inputs, taking account of equity and distribution issues. He 

treated the case where downstream firms are competitive. Spencer 

and Brander (1983) extended the analysis by considering the case 

1Lipsey and Lancaster, (1956). 
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where the factor is sqld downstream both to price-making firms 

and for final consumption. But the question of optimal pricing 
c 

rules as treated by these authors and others presumes the exist-

ence of a given industrial structure, including the investment in 

place. In those applications, the primary departure from 

marginal cost pricing is induced by the rate of return constraint 

that ordinarily appears in applications of the theory of second 

best, especially the "Ramsey pricing" variant as applied to 

public utility regulation. The violation of Pareto conditions 

follows from the existence of natural monopoly and the decision 

to have the regulated industry be self-sustaining through 

requiring that revenue be at least e~Jal to some proportion of 

cost. 

The focus of our research is the decision that precedes 

price regulation and taxation schema, namely, how much investment 

to put into a particular public enterprise. In the case we 

examine the departure from marginal cost pricing is brought about 

by the decision to produce a factor input by a public enter-

prise. others have also considered this topic, the case of 

public education being a case in point, but not from the point of 

view of the general theory of second best. 2 Opti~al second best 

prices and taxation schema will not necessarily remain optimal if 

the level of investment in productive capacity is changed, 

especially for lump-sum investments made by non-competitive 

suppliers. We find that, unlike some previous results focusing 

2see Atkinson and stiglitz, (1980). 
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on revenue adequacy constraints, optimal investment decisions in 

a second-best world may dictate pricing an input factor below 

marginal cost. Indeed, this is one of the primary insights 

provided by applying the theory of second best to the question of 

optimal public investment in factor production. 

Of course, both Pareto and second best solutions are always 

conditional in the sense that they depend upon the flexibility of 

the other economic variables in the decision problem. For 

example, the oft-cited applications of Ramsey pricing depend on 

the flexibility of capital investment to attain optimal invest-

ment levels and effecient production systems. In order to be 

truly optimal a second best pricing solution depends on the 

flexibility of capital expenditure. In this paper we develop 

conditions for optimal departures from the competitive solution 

to investment in production of factor inputs as induced by public 

investment in factor production. 

But investigation of optimal levels of investment in public 

production has another contribution to make. It has recently 

been recognized that economics offers only weak explanations of 

capital formation. Peter F. Drucker has noted that this is one 
# 

of the most pressing needs in economics, deserving primary 

attention3 • There does not appear to be an adequate theory 

explaining the relationship between private and public invest-

ment. Neither does this paper provide one. But it does begin 

(albeit modestly) to provide some theory of opti mal public 

3peter F. Drucker, (1980). 
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investment in supplying certain factors of production. Thus, it 

makes a start with one component of a theory of investment in a 

real world. 

THE PROBLEM SETTING 

The issue upon which we focus is: What is the optimal 

investment for production of a publicly-supplied intermediate 

good? An important corollary issue is also investigated: What 

are the optimum pricing policies associated with the production 

of the factor at the optimal investment level? The specific 

application that has led to the investigation concerns finding 

the optimal investment into irrigation systems by public age~­

cies. Given a stock of capital available to the public agen~y 

for investment and the rates of return to various alternative 

investments, how much irrigation system should be developed? 

Similar questions could be asked with respect to investment in 

other intermediate factors of production, including public 

education, supply of energy sources, transportation facilities 

and equipment, research and development, energy exploration and 

development, and land reclamation. 

Entry barriers of various kinds may prevent an economy fro~ 

achieving a Pareto optimum in factor production capacity. Entry 

barrier constraints ordinarily derive from practical circumstan­

ces, so that removal of them would be more costly than dealing 

with them. A combination of physical conditions and techno­

logical constraints may prevent entry of perfectly competitive 
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firms. An irrigation system offers a case in point. Indeed, t he 

physical system almost demands that there is a single producer 

supplying irrigation to a given sector. For many combinations o f 

terrain, water sources, land ownership, and land use patterns, it 

would be unthinkable to have more than one water delivery 

syst 'em. Further, private firms usually lack powers of eminent 

domain, thus preventing them from obtaining rights-of-way 

required for investment. In other cases, goverr~ent restrictions 

prevent entry. Few governments allow more than one electric 

power company to serve a given geographical area. Some invest­

ment projects require a minimum threshold level of investment, 

the sheer size of which prevents private fi~s, or even coopera­

tives, from undertaking them. These entry barriers may prevent 

~ an economy from achieving the Pareto optimum level of investment. 

~~ Other conditions besides entry barriers may prevent achieve­

ment of Pareto optima. One of these is a cost structure that 

induces natural monopoly. Another is the existence and provision 

of public goods. An irrigation system will not ordinarily be a 

natural monopoly in the strict sense tha~ marginal cost is 

falling over the relevant range of output. Nor is it necessc=ily 

non-exclusive as required for a public good. But it is usually 

supplied most efficiently by a single producer. This fact alone 

will lead to market conditions that deny the Pareto optima l 

solution provided by competitive markets supplying the factors of 

production to water users. Irrigation systems are not unique in 

this respect. There are several factors of production that must 
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be supplied under non-competitive conditions, especially in 

developing nations. 

Considerations besides physical efficiency may require that 

irrigation systems and other publicly-produced intermediate 

factors be produced in second-best conditions. Grants to 

developing nations are often made with specific designations for 

their uses. In such cases there will be lump-sum investments 

into various public production projects. Such projects will 

enter or create markets that are not competitive in the sense 

required for optimal solution, but which nonetheless offer 

essential services in the economy. Some desirable projects, 

such as irrigation syste~s, public communications and transporta­

tion, supply of energy commodities, and education, may be too 

large for single firms, cooperatives, or small governmental units 

to finance. Or, as in the case of education, the direct or 

immediate cash flow may be too low to induce private-sector 

suppliers to enter the market. It may be necessary and desire­

able, as well as efficient, to produce them through public 

agencies. Public investment decisions can benefit from applica­

tion of the theory of second best in setting investment levels 

first and thereafter setting pricing policies consistent with the 

general welfare. Each of these conditions may require departure 

from the conditions that produce Pareto optimal solutions to 

actual problems. 

However, the Pareto optimal conditions do provide a baseline 

against which to measure second best solutions. An optimum 
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position would be attained in the economy if all goods were 

produced by competitive firms and sold to competitive f irms 

or consumers. But .there are certain factors and commodities that 

are not produced by competitive firms or sold to competitive 

buyers. These departures from the optimal market solutions occur 

for a variety of sound practical reasons. The general theory o f 

second best provides insights into the consequences o f supplying 

resource factors through public investment. 

The problem treated here focuses upon publicly-produced 

intermediate goods. These are not public goods in the sense o f 

being non-exclusive. They are factors of production produced by 

public investment. It is not necessary that they be nat u ral 

monopolies, although they may be. Often they will be monopo lies 

in the sense that efficient allocation of resources will dict a te 

only one investment project, even though marginal costs may b e 

either falling or rising. 

Increasing General Welfare 

Investment in factors of production will ordinarily increase 

the supply of the final output. Such an increase changes both 

consumers' and producers' surpluses. The optimum investment i n 

publicly-produced intermediate goods is the investment that 

maximizes the sum of changes in producers' and consumers ' 

surpluses. It is recognized that any increase in supp l y o f t he 

final output will increase consumers' surplus if the d emand 

schedule is normal. But increasing supp l y o f a factor o f 
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production may increase or decrease the producers' surplus, 

depending upon the elasticity of demand for the final output. 4 

Thus, the optimand is the change in the sum of consu~ers' and 

producers' surpluses. The maximum of this change will indicate 

the optimal level of investment in publicly-produced intermediate 

goods. 

The optimal level of investment in public intermediate 

goods is constrained by two factors. First, it is required that 

the final output market not be forced into dise~~ilibrium by the 

public investment. Second, the investment in the intermediate 

good shall not yield a rate of return less than its opportunity 

cost. Taken together, these two constraints limit the amount of 

investment in public 'production of inte~ediate goods. 

The equilibrium constraint requires that the output market 

clears after adjustment to the newly available input factor. To 

provide an input factor that forces the output market into 

permanent disequilibrium will reduce the efficiency of resource 

use. In fact, it may be a solution less desireable than continu-

ing without the input factor at all. How could this occur? 

Suppose that the introdution of the factor changes the shape of 

the supply surface, including relative elasticities in such a way 

that the output market is destabilized. Then the search for 

equilibrium will put the market into a corner solution. It may 

4David H. Richardson has provided an example of a public invest­
ment project where the producers' surplus in negative. See 
Richardson, (1984), for an ex post empirical analysis of a 
specific instance of the general problem we are addressing here. 
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change economies of scale, scope, or density. 

9 

There are a 

variety of realistic effects upon the supply side of a market 

that could prevent the market from clearing and re-establishing 

equilibrium after the introduction of the factor. Thus, one of 

the constraints imposed is that the final output market clears 

upon adding or increasing the publicly produced factor input. 

The constraint on the rate of return actually performs two 

tasks. It ensures that the rate of return on public investme~t 

will not fall below its opportunity cost. This is required for 

achievement of an efficient resource allocation. But it also 

ensures that the so-called revenue adequacy constraint is met as 

long as the opportunity cost is positive. Therefore, the 

solution to the problem should provide a second-best solution 

that also assures investment quantities and prices for the 

publicly-produced factor at levels that cover costs and normal 

profits. 

MATHEMATICAL FORMULATION 

The optimand in this problem is the change in the sum of 

consumers' and producers' surpluses that follows a change in the 

investment in public production of the intermediate good. This 

change is named D(q,p,w), denoting that the change is a function 

of the quantity of final output, qi the price of final output, Pi 

and the supply of the input factor, which we shall name water, 

w. The demand function for the final product is written as h(q) 

and the supply function is g(q,w). We will write the derived 
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demand for water as Pw(q,w), the cost of water as C(w), and the 

capital investment expenditure function fc= producing water as 

f (w) • The cost of water measured as C(w) does not include the 

opportunity cost of capital investment. The opportunity cost 

component is the product of the investment expenditure, few), and 

the opportunity cost expressed as a rate of return, which we 

label 'b'. Thus, complete cost is C(w) + bfew). 

Using Yl and Y2 as Lagrange multipliers, the p=oblem is 

(1) Maximize D(q,p,w) 

subject to (i) [h(q) - g(q,w)] = 0 5 

(ii) [Pw(q,w)w - C(w) - b f(w-)] ~ o. 

The market clearing requirement is in constraint (i), while 

constraint (ii) incorporates the rate of r€~urn constraint. The 

rate of return constraint expresses the requirement that total 

revenue shall not be less than total cost measured as the sum of 

operating costs and the opportunity cost of invested capital. 

Thus, the problem is stated as: choose w 50 as to 

(2 ) maximize D(q,p,w) + Yl[h(q) - g(g,w)] - Y2[Pw(q,w)w -

C (w) - bf (w) ] • 

5We have written the market clearing cons~raint subject to the 
final adjustment of the output market to the introduction of the 
public production, or increased productio~, of the factor. It 
could also be written as an inequality constraint, thus recogniz­
ing that there may be an iterative adjustme~t to ir.troduction of 
the factor input. 
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since the optimization problem contains an inequality 

constraint we use the Kuhn-Tucker theorem to obtain the condi-

tions for the second-best optimum. The conditions required to 

maximize (2) are as follows 6 : 

(i) Pw - MCw ~ Y2-1 ca D/aw) + (Y1/Y2) [E-l - K-1] (p/q) ca qj a w) 

- Yl( a g/aw) - w[a 2w - a 2w a Q] + b(af/aw), 
(JW aQ aw 

where E and K are own price and supply elasticities fo= 

final output; 

(ii) w* > 0 (superscript * indicates value at optimum), 

(iii) Y* > 0 

(iv) h(q) - g(q,~) = 0 

(v) Pw(q,W)w - C(w) - bf(w) > 0 

(vi) Y*[Pw(q,w*)w* - C(w*) - bf(w*)] = 0 

'- (vii) w(Pw - MCw) = w{Yl/Y2) (a D/aw) + (Yl/Y2) [E-1 - K- 1 ] (p/q)/ 

(ag/dW) - w[d2w -a2w~] + b(af/ aw)}. 
a w aQ a w -' 

These conditions for optimum second-best solutions reveal 

several important aspects of the problem. Condition (i) indi-

cates that marginal cost pricing is not necessarily optimal. In 

fact, the optimum may require that the factor be priced below its 

6See , e.g., Intriligator, (1971), chapter 4. 
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marginal cost. The first RHS term is the change in the sum of 

producers' and consumers' surpluses associated with a change 

in supply of the input factor multiplied by the inverse of the 

Lagrangian multiplier. It must be non-negative. The Lagrangian 

multiplier may be interpreted here as the change in the objective 

function due to a change in the constraint value of the opportun-

ity cost of public investment, b. Then the first RBS term is the 

ratio 

rate of chanoe of objective function wrt w. 
rate of change of objective function wrt b 

The second RES term is always negative so long as the final 

output commodity is normal for both producers and consumers. All 

components of this term are positive except the own-price 

elasticity. That being negative makes the term in square 

brackets negative so that the entire term is negative . 

The third RHS term is negative due to the sign at the front 

since both components are positive. This term measures the rate 

of change in production of final output with respect to availabi-

lity of the factor input. It is the change in marginal cost of 

the final output with respect to factor input. 

The fourth term is positive if the input factor is normal, 

since the term is the product of the quantity and own-price 

elasticity for the factor preceded by a negative sign. 

Finally, the last RHS term is positive since the cost of the 

project is assumed to increase with the magnitude of the optimal 

level of factor supply. It is a measure of the change in 
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required return to investment ~ith respect to a change in the 

quantity of factor input supplied. 

The second RHS term of condition (i) calls to mind the 

so-called Ramsey Rule7 since the price - marginal cost relation-

ship is inversely proportional to the own-price and supply 

elasticities. Here price and marginal cost depend on the sum of 

the inverses of the own-price and supply elasticities, as well as 

on the slope of the derived factor demand schedule. These are 

weighted by the multipliers and augmented additively by terms for 

changes in the objective and cost functions. 

In summary, optimal investment in publiclv oroduced factors 

can lead to nricing those factQ~s below their marginal costs. 

Later in this paper we give an instance where pricing irrigation 

water below marginal cost is required for attainment of an 

optimal solution. This result contrasts with some of the 

existing literature based only on the rate of return constraint, 

where pricing above marginal cost is required in certain cases. 8 

Of course, the original work by Lipsey and Lancaster (1956) 

recognized the possibility that pricing below marginal cost may 

be necessary, but did not give actual instances. Spencer and 

Brander (1983) show that below-margina1-cost pricing may be 

required if a publicly produced factor is sold both downstream to 

price-making firms and for final output. 

7See Ramsey (1927) or Baumol and Bradford (1970). 
8See Baumol and Bradford, (1970). 
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Optimal Invest~ent 

While conditions (i) - (vii) are required for existence of a 

solution to the optimization problem, they may not actually 

specify the optimal level of investment or the prices that follow 

upon its achievement. They will provide an exact solution if all 

of the constraints are actually in force, so that the inequali­

ties in the conditions become equalities. Otherwise, a gradient 

solution method may be invoked in order to actually specify the 

optimal level of investment and associated prices. A conceptual 

algorithm for solution providing the optimal level is shown both 

in the following diagrammatic analysis and in the actual problem 

presented in this paper. What the conditions do show clearly is 

that marginal cost pricing is not necessarily optimal. Prices 

may be required to be either above or below marginal cost in 

order to reach a second-best solution. 

DIAGRAMS OF THE PROBLEM AND SOLUTION 

Several aspects of the problem are illustrated by study of 

the graphs in Figures 1, 2, and 3. The figures present the 

comparative static analysis for an increase in water supply from 

wo to wl. Figure 1 shows the market for irrigation water, Figure 

2 shows the final output market, and Figure 3 shows an irrigation 

water market under decreasing costs. The analysis begins with 

water supply at wo and derived demand for water at Owo as in 

Figure 1. The price of water is at Pwo. These conditions agree 

with the price and quantity of final output determined at Po and 
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'Qo in Figure 2. Reference to Figure 1 allows comparison of the 

price of water, Pwo, with the marginal cost of water, Mew. In 

the beginning period Pwo exceeds MCwo. 

The boundary conditions associated with the rate of return 

constraint are shown in Figures 1 and 2. Figure 1 shows the 

maximum rightward shift in the supply of irrigation water that is 

consistent with the constraint. This maximum occurs at the 

intersection of the long-run average cost curve, with the 

opportunity cost of investment included in the average cost, and 

the derived demand schedule for irrigation water. It is labeled 

BB. If the factor is produced in an increasing cost system, then 

marginal cost of the factor will exceed its price at this 

boundary. The boundary BB implies a maximum increase in the 

supply curve of agricultural output, ceteris paribus. This 

boundary is labeled as line bb in Figure 2. 

Now let the irrigation water supply be increased to w1. 

This increase maximizes the change in consumers' and producers' 

surpluses as it shifts the supply of agricultural commodities to 

5151 (shown in Figure 2)9. The derived factor demand curve moves 

to Owl' thus establishing water price at Pw1' The corresponding 

marginal cost is indicated at MCw1 in Figure 1. Comparing Pw1 

9The shifted curves in Figures 1, 2, and 3 are drawn presuming 
that intermediate adjustments toward equilibrium have already 
occured. For example, the initial shift in the output supply 
curve is likely to be followed by further shifts toward the old 
position in response to the change in the price of the factor. 
These movements are likely to proceed iteratively until the new 
equilibrium is reached. That it is reached is one of the 
constraints. 
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with MCw1, we see that price of irrigation water is now below 

marginal cost, whereas Pwo was above MCwo in the earlier period. 

Figure 3 is '- a counterpart to Figure 1, showing the cost 

curves in the market if the factor is subject to decreasing 

costs. These two figures allow comparison of the pricing results 

in this paper with the previous results. If the factor is 

produced in a decreasing cost environment, the result will lead 

to setting prices above marginal costs, as shown in Figure 3. 10 

This is simply a result of marginal cost falling below average 

cost in the decreasing cost industry. But, in an increasing cost 

industry, the price may be above, equal to, or below marginal 

cost. The price - marginal cost relationship depends on the 

optimal level of investment. 

10The market shown in Figure 3 is thought to be stable, in the 
sense that the demand curve intersects the cost curves from 
below. The market would apparently be unstable if derived demand 
intersected cost curves from above. 
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Quantity of Final Output 

Figure 2 

Final Output Market 
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A SPECIFIC MODEL 

The aim of our research is to provide both a general theory 

and models for specific application in the optimal public invest-

ment problem. In this section we present a class of models for· 

determining optimal investment and pricing for an irrigation sys-

tern. The models provide solutions that apply at the boundary 

conditions, thus indicating specific solutions for aggregate 

agricultural output markets characterized by Cobb-Douglas produc-

tion and demand systems. The class of models is derived through 

implicit solution to the problem and therefore maps the orderly 

heuristic solution shown in the preceding graphical exposition. 

These solutions shown are not restricted to water systems, but 

apply to any factor input characterized by Cobb-Douglas models. 

Assume that every government irrigation investment brings an 

increase in the availability of irrigation water leading either 

to increases in the quantity of water available to each farm or 

increases in the level of irrigated area, or at least to improved 

dependability of the irrigation systems. Whatever the nature of 

the investment, its ultimate impact upon irrigation development 

results in rightward shifts in the supply curves of agricultural 

products . 

Since increased investment in irrigation will lead to devel­

opment of costlier and mor e difficult projects, the relation 

between the level of irrigation investment and the quantity of 

irrigation water supplied will be subject to diminishing returns 

to scale. That is, the marginal cost of irrigation water will be 
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an increasing function of the quantity of water supplied. Let W 

be the quantity of irrigation w~ter, I the investment expenditure 

for irrigation , and 0 a constant. Then the investment expendi-

ture function is 

( 3 ) w o < 0 < 1 

Thus as the leve l of investment increases, the quantity of irri-

gation water supplied also increases, but at a decreasing rate. 

Setting the opportunity cost ~f public investment equal to 

' r ' and imposing the constraint that at the margin the rate of 

return to investment in irrigation equals 'r' gives the total 

cost of irrigation development as 

(4 ) TCw rI 

by setting y = 1/0 and usin g (3). 

Then the marginal cost curve of water is 

( 5 ) MCw 
y-l 

yr w > 0 

a n d th e MCw curve is an increasing functio n o f w, which is evi-

d e nt f rom 

( 6 ) 
2 

d TCw 

dW
2 

(y -1) 
y-2 

Y r w > 0, 

s in ce y > 1. 
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To complete the picture, we derive the social welfare func-

tion and the derived input demand function for irrigation water. 

Since irrigation water is strictly an intermediate product, the 

derived demand comes from the producers' side only. 

Let us represent the equilibrium quantity of demand and sup-

ply for agricultural products by 

(7 ) 

( 8 ) 

Since in 

(9 ) P 

(10) a = 

and 

(11) b 

= a pa with a < 0 
o 

b pS with S > 0 
o 

equilibrium DO SO' 

1 

(~) 
a 

a-S 

~ 
pa 

0 

we have 

The relation between the su pp ly function (th e mc curve of the 

agricultural pr oducts) and the level of irrigation investment is 

captured by the su pp ly shift factor k (>1). That is, with gov-

ernments' newer investment 

(12) s 
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(13) Where k f (w) 
A w with 0 < A < 

Thus 

( 14 ) 
ak 

A 
A-l 

0 w > 
aw 

(15 ) 
a

2
k 

( A- l)Aw 
A- 2 

0 < 
aw 

2 

Thus , every increase in the level of investment will shift the 

supply curve to the right, though the degree of the shift will 

decline as the l evel of investment goes up . Further, as the 

quantity of irrigat ion water supplied increases, the marginal 

cost of irrigation supply incr ea ses. With the demand function 

remaining the same , th e new equilibrium quantity at the new equi -

librium price (P
l

) will be 

( 16 ) 

with 

(17 ) 

and 

(1 8 ) 
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(19 ) 

Since we assumed the social welfare (TS) as the sum of consumers' 

(CS) and producers' (PS) surplus, 

(20) 6TS 6CS + 6PS 

This can be derived, as in [Sampath (1983)J, as 

[1 1+0] 
( 21) 6CS POQ O 

1 a-S 
l+a k 

(22 ) 6PS POQ O 
[ 1+" _1_ ka-S _ 

1+13 1J 
[ 1+0] 

( 2 3 ) 6TS POQ O 
[ 1 1 J 1 - k a - S -- ---

1 +a 1+13 

Now the governments' objective is to maximize the total social 

welfare subject to the marginal return from irrigation investment 

being equal to the opportunity cost, 'r.' That is , maximize 

( 24 ) z 6TS [ 1 1 J -- ---
l+ a 1+(3 

L~ a - l~SJ 

[1 l+a] 
a-S 

k 

[
A l+a] 

1 - W a-S 



Substituting (13) for k above, maximizing (24) gives 

( 25) 
az 
aw 

Mew Y-l 
Y r W 

Substituting (25) for optimum supply of 'WI gives 

(26) W* 
s 

W* is the social welfare maximizing irrigation supp ly. 
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Now let 

us derive the derived input demand for water. Though irrigation 

water benefits both consumers and producers, it is directl y pur-

chased and consumed only by the producers. The objective of the 

producers is to maximize their surplus or net income. Thus, if 

the price of water is P , then the prod ucers will set the margi­
w 

nal 

( 2 7) 

productivity of water equal to P . That 
w 

a[poQo l!rJ [W 
A l +a _ 

lJ a PS 
a-(3 

aW aw 

= A1 +
o 

POQO 1 
a-(3 1+(3 [ 

A~ - 1 ] 
W a-(3 - 1 

is 

P 
w 

Solving (27) for 'w,' we get the producers ' optimum demand for 

' w' as 

( 2 8 ) W* 
d 

a-(3 
A(l+a) + «(3-a) 
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Here it should be noted that the demand for irrigation water 

will be positive only if the absolute elasticity of demand for 

agricultural products is greater than unity. Since our purpose 

here is only to show that under certain conditions marginal cost 

pricing is not desirable even if there are no budgetary and other 

constraints, it does not matter if our conclusion does not hold 

under inelastic demand conditions. Thus, assuming the elasticity 

of demand to be greater than unity, to equate demand with supply, 

the public enterprise has to set the price of irrigation water 

(or for that matter the price of any other intermediate output it 

produces) such that 

RHS of (26) = RHS of (28) 

That is 

( 29) 

W* = W* 
s d 

. a-S 
_!J y ( a - 13 ) - A ( 1 +a ) 

l+SJ 

a-S 

Solving (29) for P , 
w 

we get the optimum price of water (p* ) 
w 

maximizes social welfare as 

(30) P* 
w 

A (1 +a) 

[ 

P Q Jy(a-s) 
A 0 0 

1+13 

+ (S-a) 
- A (1 +a) 

+ 1 a-S 

(yr) 
- y (a - (3) - A ( 1 +a ) 

which 

[
l+aJ 
a-S 

Now the question is whether P* will be greater than, 
w 

less than, 

or equal to the marginal cost of W* which 
s 

a-(3 

( 31) yr yr (1+13) 

is 

(y-l) 



substituting (26) fo'r w; in the MCw* equation (5) 
s 

That is, 

(32 ) RHS (30) 
> 
< 

RHS (31 ) 

Simplifying (32) we get 
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a-S (y - l) 

[ 

P Q Jy(a - S) - >'(l+a) 

[ 

P Q Jy(a-s) 

>'(l+a) + (S-a) 
+ 1 

- >'(l+a) 
>. 0 0 ------

(1+13) yr 

Tha t 

( 33) 

is 

l+a > 
1 

a-S < 

[
l+aJ 
a-S 

> 
< 

>. 0 0 

If lal is assumed to be greater than unity , it is clear (33) will 

always be less than unity . That is, if the government wants to 

maximize social welfare, then it should set the price, at which 

it will sell the intermediate product to the producers, below the 

marginal cost of production under elastic demand conditions. 

The ratio of price to MC will equal : 

( 34) 
RHS of 
RHS of 

(30 ) 

(31 ) 
l+a 

< 1 
a-S 

Now let us see the relationship between the elasticity of supply 

and demand on the one hand and the deviation of the price from 

the marginal cost : 



( 35) 
(a-S) (l+a) 

2 
(a -(3) 

1+13 
2 

(a - (3) 

< 0 

That is, as the absolute value of a increases, the gap between 
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the price and marginal cost increases at an increasing rate since 

( 36) (1+13) [2(a-S)1 < 0 
4 

(a-S) 

Further, since (for lal > 1), 

( 37) 

and 

( 38 ) 

l+a - (1 +a) (-1) 

2 
(a-S) 

2 
(a- (3) 

( 1 +a ) 2 (a - 13 ) 
4 

(a-S) 
> 0 

< 0, 

as the supply elasticity goes up, the gap betwe en the price and 

the marginal cost widens at a decreasing rate. 

An interesting question that arises at this juncture is 

whether below marginal cost pricing will cover the public cost or 

not. 

(39 ) 

That is 

r W* 
s 

y > 

< 
P*W* 

w s 

Substitution of (26) for W* and (3 0) for p* and simplifying (39) 
s w 

we get 

(40) 
> l+a 

r 
< a - S 



In other words, whenever the opportunity cost of irrigation 

investment exceeds RHS of (40), we will have revenue falling 
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short of costs resulting in deficits. Whenever 'r' is less than 

RHS of (40), we will have revenues exceeding costs resulting in 

surplus and when 'r' equals RHS of (40), we have a balanced 

budget. 
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CONCLUSIONS 

Application of the general theory of second best shows that 

optimal public investment for producing intermediate factors 

can lead to pricing factors below marginal costll. It is essen-

tial to recognize that lump-sum investments may take an economy 

away from Pareto optimal conditions both through the investment 

level and through a non-competitive pricing structure. This may 

lead to second best pricing structures that set input factor 

prices below their marginal costs if they are produced through 

public investment. In applying the general theory of second best 

it is necessary to first set the optimal level of public invest-

ment and thereafter to seek the optimal second best prici~g 

scheme. Appl ications of the theory to existing markets without 

regard to optimal investment levels may be thought of as condi-

tional second best results. Or, perhaps more appropriately, as 

short run second best positions. By first setting the optimal 

level of investment in accordance with the second best theorem it 

is possible to achieve a true second best, one that would be 

precluded if the investment level is fixed without this consid-

eration. 

In our work we have derived the conditions required for 

optimal investment in publicly produced factors and shown that 

llLipsey and Lancaster (1956) note that such a result is possible, 
but they do not actually include it in their results. It has 
been reached in other works that have focused on already existing 
systems without noting the necessity of investing the optimal 
amounts in production of publi.('"ly produced cornmodi ties. See for 
example Spencer and Brander (1983 ), Ebrill and Slutsky (1 983 ). 
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prices for publicly produced factors may be optimally priced 

below marginal cost if maximizing consumers' and producers' 

surpluses is the aim sought. We have also applied the results, 

through implicit solution, to an irrigation water and agricultu-

ral system characterized by Cobb-Douglas type demand and cost 

functions. What we have found is that below marginal cost 

pricing may not be rare, as one might expect from reading the 

extant literature applying second best pricing to existing 

natural monopolies . 
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