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PREFACE 

This report constitutes the master's thesis of the same title 

completed by the author in June, 1971 and accepted by the faculty of 

the Department of Systems Engineering. The investigation was conducted 

under the direction of Lucien Dockstein and Henry Tucker, Professors 

of Systems Engineering. 

This report series constitutes an effort to communicate to 

practitioners and researchers the complete research results, including 

economic foundations and detailed theoretical development that cannot 

he reproduced in professional journals. These reports are not intended 

to serve as a substitute for the review and referee process exerted by 

the scientific and professional community in these journals. The author, 

of course, is solely responsible for the validity of the statements 

contained herein. 
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ABSTRACT 

The main purpose of this report is to develop an economic 

theory, along the lines of the Bergson- Samuelson social welfare theory, 

to regulate the utilization of natural resources in the long -term 

interest of a political- economic group of individuals and firms. The 

theory, called Collective Utility, qualifies as a "systems approach" 

because of its inherent flexibility, generality, and comprehensiveness. 

Collective Utility is a function of individual satisfactions and firm 

revenues, which are, in general, contingent upon the actions of other 

individuals and /or firms. Such interactions are called externalities. 

It is the contention of this report that efficient management of 

natural resources will follow from efficient control of externalities. 

A taxation - subsidy structure is suggested as an efficient control and 

the complete mathematics of determining and implementing such a struc- 

ture are provided. Finally, the idea of externalities is integrated 

within the framework of Collective Utility to form an optimal policy 

for the utilization of natural resources using the techniques of 

calculus of variations. 
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CHAPTER 1 

INTRCDUCTIOV 

Prior to the initiation of this report, the dilemma of 

equitable allocation of limited resources between different users 

was brought into sharper focus by a threatened court suit. The 

copper mining concerns, several major water agencies, and presumably 

the city of Tucson were to be enjoined from extracting groundwater 

from the aquifer which has been utilized almost exclusively by agri- 

cultural interests in the Sahuarita -Continental critical groundwater 

area south of Tucson (Donahue, 1969). The issues were clearly both 

quantity and, implicitly, quality (since decreasing water tables 

usually mean poorer quality water, i.e., higher salinity), pre- 

sumable translatable into dollar terms. 

Unfortunately, the complexities which the court would have to 

face and overcome to resolve the issues were not recognized by the 

prospective litigants, and the case went to court in January of 

1971. As of this writing, the case has been referred to the Arizona 

State Supreme Court who has refused to accept jurisdiction (Tucson 

Daily Citizen, 1971b). Instead of deciding to undertake a basin - 

wide study to find a plan for water allocation management which would 

be "acceptable" to all concerned, the issue must now be resolved in 

court. 
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One study (Dupnick, 1970) attempted to allocate groundwater 

consumption in this area by using such economic criteria of water - 

use efficiency as primary value -added per unit of water consumed. 

Accordingly, the copper mines were overwhelmingly favored over 

agriculture in a water reallocation scheme. However, this study 

failed to consider how the entire economic area is affected by; 

the dust created by the copper mines, the lowering of the water 

table by the farmers, the increased water utility rates of Tucson 

residents, etc. How do these questions fit into the big picture? 

These are problems of what we will subsequently call externalities. 

This thesis shows that collective utility provides a framework for 

the satisfactory solution of these and related problems -- a 

systems approach to the utilization of natural resources. 

Hence, the main purpose of this thesis is to develop a 

workable economic theory, sufficiently general, to regulate the 

utilization of any natural resource, in the long -term interest of 

a political- economic group of individuals and firms. In doing 

so we must first develop a criterion for the evaluation of the 

"long -term interest" of such a group. We will call this criterion 

a collective utility function. 

Due to the general approach developed in this thesis, 

and the inherent flexibility with which the theory can be applied 

to economic goods other than natural resources, we have labeled 
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our analysis a "systems approach." In Chapter 2 we will discuss some 

of the characteristics of a systems approach to prepare groundwork 

for the eventual development of the collective utility theory. 

Chapter 3 will trace the evolution of collective utility theory 

from its earliest recognizable form of "pleasure calculus" in the late 

1700's to the latest writings dealing with social welfare in this 

century. 

The fourth chapter will deal with the actual development of 

the calculus of collective utility. In doing so, we will establish 

necessary conditions for a desirable change in collective utility, 

based on necessary conditions for maximization of individual satis- 

faction and firm revenue. 

Since individual satisfactions and firm revenues are, in 

general, contingent on the actions of other individuals and /or firms, 

it is natural to study their interactions. These interactions are 

called externalities and are the subject of Chapter 5. In order 

to develop policies which seek to improve collective utility it is 

essential to study how externalities affect the collective utility 

function. Specifically, it is our contention that effective manage- 

ment of natural resources will follow from effective control of 

externalities. A taxation - subsidy structure is suggested as an 

effective control. 
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In Chapter 6, the ideas of collective utility will be 

coordinated with those of externalities to form an optimal policy 

for the utilization of natural resources. This chapter is perhaps 

the most important in this thesis because it ties all the concepts 

developed to this point into a system of equations specifying this 

optimal policy. 

Since the method of dealing with externalities utilized 

in this thesis involves the impositions of taxes, some consideration 

is given to individual rights of natural resource use and to the 

legality of such taxation. Chapter 7 deals with such facets 

of resource consumption. 

Chapter 8 considers some of the limitations associated 

with the formulation of an optimal policy. All such problems 

could easily be classed as those arising from uncertainty of the 

future. 

Chapter 9 will provide a comparison of the collective 

utility concept with other approaches that attempt to analyze 

the economic feasibility of public expenditures, such as those 

involved in natural resource consumption. In addition, the applica- 

tions and limitations of each approach will be noted. Chapter 10 

deals with the conclusions. 



CHAPTER 2 

THE SYSTEMS APPROACH 

In keeping with the rapidly advancing technologies of the 

past decade, a disciplined approach to solution of complex problems 

has been developed. The technique was first utilized in space - 

defense industries for missile and rocket systems, but is currently 

being adapted to natural environmental systems. We call it the 

"systems approach" (Hoffman, 1968, p. 215). 

The "systems" idea is defined as the solution of a problem 

in its complete environment. The systems approach, as we are fre- 

quently reminded by those who enjoy the luxury of hindsight, is 

really nothing new. Certainly the more disciplined have been 

practicing it all along. What is new, however, is the capability 

to deal with more complex systems, more variables, more data, etc. 

and this seems clearly to be a real need in confronting our current 

environmental crisis. 

Some early enthusiasts of the approach, knowing of its 

potentials in the relatively predictable systems of space explora- 

tion, saw it as a cure-all for a wide range of "civil" problems, 

among them many of the frustrating questions of air and water 

pollution control. It soon became apparent, however, that natural 

systems, inherently more complex and governed by less well- understood 

5 
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laws, were not so tractable by the formal mathematics of the approaches 

then in vogue. The space- defense practioners found themselves with 

solutions looking for problems and with few simple problems in sight. 

Some new approaches were needed, some strategies which recognized 

the real nature of environmental control problems. 

The various economic models were considered by the "civil - 

system" engineers and promptly abandoned on the basis of their inflex- 

ibility. Quite often the models were either too narrow in scope and 

prohibited extensions or so general as to be down -right vague. The 

ordinary economic and management techniques, such as Leontief's 

input- output matrix (1951a) and linear programming, had made little 

inroads in dealing with many of our major economic and social problems. 

Characteristics of the Systems Approach 

One antithesis which often pits the economist's world against 

the real world is that of linearity versus non -linearity. Leontief 

(1951b, pp. 20 -21) sees the problem when he refers to his input - 

output matrix: "The dynamic input - output analysis requires more ad- 

vanced mathematical methods: instead of ordinary linear equations it 

leads to systems of linear differential equations." Usually the false 

assumption that prompts this linearity is that the total problem can 

be decomposed into non -overlapping sub -problems which can be solved 

more or less independently and the total solution synthesized by 

combining the sub -solutions, treating the interaction of the parts as 

"interfaces." 
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This criticism is usually answered with the argument that 

problems can't he managed unless they are sliced up, and the proce- 

dure is used even though it may he in error. No estimates of the 

error are even available because the system interrelationships 

"cannot" be formulated. Consequently, such an analysis ends up dis- 

playing linear sequential measures of system performance for a set 

of activities which can only be adequately described as a non -linear 

feedback control system. In other words, the analysis fails to model 

the process of continual adjustments in which the system modifies 

its behavior in order to satisfy end objectives. This process is 

usually complicated by changing environmental conditions to which 

a valid system must respond. Admittedly, it is difficult to predict 

this process or the costs of its exclusion precisely. 

The next antithesis that should be taken up is labeled 

"systems in space" against "systems in space - time ". By a "system in 

space" it is meant that all the parameters or components of such a 

system are independent of time. In other words, the component 

activities and the component interactions do not vary with time. This 

is to he contrasted with a "system in space -time" where such activi- 

ties and interrelations do vary with time. Observations tell us that 

all systems frequently change during their lifetimes, if only because 

the requirements (or demands), environment, and supporting technology 

change. Because much of the classical economical models are essen- 

tially clerical reporting of historical data (Leontief, 1951b, p. 20), 

their ability to aid in the making of decisions that have long -range 
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effects is severely limited. Leontief says that the time lag for a 

typical input - output matrix is from 3 to 4 years. One such input - 

output matrix (Tijoriwala, Martin, and Bower, 1968) has a time lag 

of ten years! 

The question is not whether there will be changes, but rather 

whether or not the process will be under conscious control. Pretend- 

ing that no changes are allowable or desirable is merely a way of 

refusing to control the change process. 

Collective Utility As A Systems Approach 

Collective Utility is an orderly procedure for considering 

the full spectrum of factors relevant to a dynamic economic process. 

More technically, it generally involves the use of analytic economic 

system tools such as: production functions to represent the manipula- 

tion of goods by firms; marginal analysis concepts and optimization 

techniques to determine preferable alternatives; utility and decision 

theory to define optimally desirable configurations; and sensitivity 

analysis to investigate the robustness of conclusions. The analytic 

characteristics of collective utility impose a new discipline of the 

nature and conduct of the search for solution alternatives. The 

functional characteristics of collective utility sharpen the decision - 

maker's awareness of objectives, encourage him to predict the future, 

and force him to establish strategies and procedures for generating, 

evaluating and selecting alternatives. In this way it is more than 
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able to serve as a tool for evaluating the economic feasibility of 

public projects such as the control of resource use. As a planning 

tool, it "...enables one to perceive not only the more immediate 

consequences of current decisions but also their more distant pros- 

pects" ( Häusler, 1968, p. 12). 

Now let us turn to evolutional development of the collective 

utility theory, the subject of the next chapter. 



CHAPTER 3 

THE EVOLUTION OF COLLECTIVE UTILITY 

Collective utility is an eclectic of economic thought that 

has been evolving over the last 200 years. The eclectic is a viable 

one because collective utility has sought to integrate the more work- 

able concepts of the various economic theories that have appeared 

over time. As we shall see in this chapter, many theories are still 

prevalent in our society today, some with different "paint jobs ". 

Much of the information in this chapter was obtained from Cherity 

(1965), Lekachman (1959), Oser (1963), Taylor (1960), and Whittaker 

(1960). 

Utilitarianism 

The earliest ancestral ties of collective utility can be 

traced back to the era of the classical school. The beginning of 

the classical school can be dated at 1776, when Adam Smith's great 

book was published. It ended in 1871, when both Jevons and Menger 

published works expounding what was later called marginalist theory. 

Perhaps one of the most stimulating writers of the classical 

school was Jeremy Bentham. The central and most controversial theme 

of Bentham's thought has been called utilitarianism, or the greatest 

happiness principle. The underlying philosophy, going back to the 

10 



11 

Greeks of antiquity, was that of hedonism: Each man seeks his own 

greatest happiness. Utilitarianism superimposed on hedonism the 

ethical doctrine that conduct should be directed toward promoting 

the greatest happiness of the greatest number of persons. The extreme- 

ly individualistic outlook of hedonism was moderated by utilitarianism 

which at least recognized that organized society has a role to play. 

If an individual pursues only his own pleasure, will that necessarily 

promote the greatest happiness? Not necessarily, thought Bentham. 

Society, however, has its own methods of compelling individuals to 

promote the greatest happiness. There are political sanctions through 

the law to punish individuals who harm others excessively in their 

own pursuit of pleasure. Hence, if government intervention enhances 

the happiness of a community more than it diminishes it, the interven- 

tion is justified. There are moral or social sanctions, of which 

ostracism is an example. Even theological sanctions, such as fear 

of punishment in the hereafter, would help reconcile the "individualis- 

tic self- interest" aspect of hedonism with the "greatest happiness 

for the greatest number of people" aspect of utilitarianism. 

The utilitarian philosophers hoped to establish morals as an 

exact science. If only pleasure and pain could be measured quantita- 

tively and compared among different individuals, every law and every 

act could be judged by balancing one against the other. Money, 

Bentham concluded, is the instrument that measures the quantity of 

pleasure or pain. He concluded that "Those who are not satisfied 
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with the accuracy of this instrument must find out some other that 

shall be more accurate, or bid adieu to politics and morals" (Stark, 

1952, p. 117). 

Bentham was also concerned with society's efforts to enhance 

the social well -being of its constituents. He lived and wrote at a 

time when common men had no voice nor vote in managing social and 

political affairs. Yet here was a philosopher who said that a man 

is a man regardless of his social position. If something adds to a 

commoner's pleasure more than it detracts from the pleasure of an 

aristocrat, it is commendable. Consequently, he felt that "... collec- 

tive activity was required in pursuing society's goals of increasing 

the production of goods and services and distributing them in a 

satisfactory manner" (Oser, 1963, p. 89). 

Bentham's utilitarianism as an ethical system has had rival 

systems to dispute its claim. For example, Thomas Hobbes (1950) 

held that man has a fundamentally deprived nature that drives him 

toward war, strife, and the selfish appropriation of all things 

he can lay his hands on; therefore, a strong and absolute government 

is required to keep him in check. Nevertheless, Benthamism erected 

the greatest happiness principle as the most immediate guide and 

directing force; the others would approach this goal by indirection, 

either in this world or in the next, either in the present or in 

some vague and undefined future. 
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The Marginalist School 

Bentham's concepts of human nature became the foundation 

for the early marginalists, especially William Stanley Jevons 

(1883,1911). The Marginalist School developed in several countries 

and through the work of different people working, at first, indepen- 

dently of each other. Among the pioneers were Hermann Gossen (1854) 

in Germany, Carl Monger (1950) in Austria, Léon Walras (1954) at 

Lausanne, Switzerland, and W. Stanley Jevons and Alfred Marshall 

(1920) in England. Underlying the marginalists theory of demand 

was the concept of marginal utility, which assumed that each person 

would compare the intensity of satisfactions received from a great 

variety of goods before choosing a good(s) for consumption. Man 

was considered to he perfectly rational and carefully calculating. 

Labor was believed to be painful. To get the maximum happiness, 

one would work just up to the point where the marginal utility of his 

earnings was equal to the marginal disutility of his labor. The 

entrepreneur, in determining the volume of output, would always try 

to maximize his money income or minimize his losses. Later margina- 

lists (viz., Clark (1899) and Marshall) have argued, however, that 

their analysis does not depend on the extreme form of utilitarianism 

that Bentham presented. Economic theory can take other motives and 

other behavior patterns into account. 
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The essence of the marginalist school can he condensed into 

nine major principles, listed below (Oser, 1963, pp. 166 -167; Kauder, 

1965, p. 115): 

i. This school concentrated on the margin; the point 

where decisions are made, to explain economic behavior. 

2. The approach was microeconomic rather than macro- 

economic. Instead of considering the aggregate economy, 

they considered individual decision- making, market 

conditions and a price for a single tyre of good, the 

output of a firm, etc. 

3. The method of this school was abstract and deductive, 

as was the method of the classical school. 

4. The world of the marginalists is one of pure competi- 

tion, with an occasional nod toward monopoly at the 

other extreme. No one person or business has enough 

power perceptibly to influence market prices. Indi- 

viduals and firms can adapt their own actions to demand, 

supply, and price as worked out in the market through 

the interactions of hundreds and thousands of people. 

5. Demand becomes the primary force in price determination. 

The classical school had emphasized cost of produc- 

tion and supply, as the sole determinant of value. 

The early marginalists swung to the opposite extreme 

and emphasized demand to the virtual exclusion of supply. 
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6. Economics is subjective and psychological. Demand 

depends on marginal utility, which is a psychic 

phenomenon. Costs of production involve the 

sacrifices and irksomeness of working, managing 

a business, and saving money to form a capital 

fund. 

7. Economic forces are generally working toward 

equilibrium, toward a balancing of opposing 

tendencies. Whenever disturbances cause dis- 

locations, new movements toward equilibrium occur. 

8. Men are rational in balancing pleasures and 

pains, in their knowledge of marginal utilities 

of different goods, in balancing present against 

future needs. Rational behavior is normal and 

typical, for the random abnormalities will 

cancel each other out. The marginalist approach 

was hedonistic, assuming that the dominant 

drives among men are to maximize pleasure and 

minimize pain. 

9. The classical school's defense of laissez 

faire is the most desirable policy. There should 

be no interference with natural economic laws if 

maximum social benefits are to be realized. 
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The techniques of the marginalists were very different. As 

a mathematical principle, marginal utility appeared to demand the 

application of differential and integral calculus. '!Marginalism's 

increments, mathematics, and diagrams were undreamed of by Mill, 

Ricardo and Smith. Different theories, techniques, and problems 

appeared to validate the proposition that something really new had 

happened in the 1870's" (Lekachman, 1959, p. 232). Edgeworth 

(1881, p. 12), in particular, was greatly excited by the possibilities 

of the science which promised to emerge from this union. Not astonish- 

ingly, therefore, Jevons' and Walras' demonstrations (though not 

Afenger's ) relied on mathematical notation and reasoning. The plane 

geometry of the economic diagram was also a product of this period. 

Although Walras' and Jevons' diagrams seem oddly labeled, they contain 

the essential determination of market equilibrium by the intersection 

of supply and demand at a single price. 

The marginalist school did not outlive its usefulness, as it 

still dominates the field along with Keynes: on the world scene both 

share the field with socialism and the "new" New Welfare Economics. 

However, marginalism as it remained from 1870 to 1930 had to be 

modified considerably before it could continue as a viable set of 

ideas. Nevertheless, some of the weaknesses which permeated its 

structure then probably still exist. 
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The microeconomic approach of marginalism, while it still 

has its uses, introduced the famous fallacy of composition that led 

to erroneous conclusions. The fallacy develops with the belief that 

what is true for one is necessarily true for all, or what is true 

for part of a situation is therefore, on that account alone, true 

for the whole situation. 

Is it really true that.a person always stops putting forth 

effort at the exact point of his own individual equilibrium? The 

discipline of the factory time clock, worked out through collective 

agreements, is more relevant to the length of the working day than 

the whims of the employee acting in isolated contemplation of his 

maximum welfare: and the fact that he can always quit his job is 

scant consolation. Individualism remained triumphant in economic 

theory despite a world of growing collective action. Recognition 

of monopolistic trends, however, would have undermined faith in 

individualism. 

The early marginalists held that a laissez faire regime pro- 

duced the best possible results. At the time government intervention 

was growing, they generally denied its desirability, because the 

economy was supposed to be self -regulating, served unwittingly by 

each individual who sought to serve himself. But with the decline 

of competition, laissez faire became increasingly untenable. 
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The marginalist analysis originally was static, timeless, and 

unhistorical. There were few attempts at inductive verification of 

theories: in fact hypotheses were framed in ways that excluded testing. 

The school failed to explain economic growth, and its theory was 

inadequate for underdeveloped countries. Marginalists tried to stem 

the tide of social change that threatened to engulf their concepts. 

Finally, floundering helplessly during the great depression of the 

1930's, marginalism had to move aside to allow Keynesian economics 

its macroeconomic sphere - the analysis of the economy as a whole, 

including general price movements, levels of business activity, and 

the role of government. Since then both types of economic analysis 

have continued to flourish side by side, living in a sort of symbiotic 

relationship. Marginalism, having adapted itself to new ideas and 

new situations, has changed considerably from its earliest presenta- 

tion. It is still the dominant school in microeconomic or partial 

analysis. Almost every elementary college textbook uses marginal 

economics to analyze the single firm and its behavior and the 

individual in his productive and consumptive activities. In this 

sense marginalism has remained triumphant for over a hundred years. 

Welfare Economics 

Welfare Economics is not a distinct and unified system of 

ideas, and therefore cannot be properly called a school. It is, a 

stream of thought that interests economists of different schools and 

of no school. Welfare economics raises questions about how well the 
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economy functions, how satisfactory are the systems of distribution, 

what can be done about improving total well -being, and to what degree 

society must nullify the results of laissez faire in order to promote 

welfare. The liberals concerned with this stream of ideas argued 

that laissez faire does not produce the best results, and government 

intervention is required. Their ideas are permeated with value 

judgments as to what is best for mankind. 

Conservative economists disavowed any possibility of inter- 

personal comparisons of utility. Consequently, above all, conservative 

economists wished to perfect a purely scientific economics from which all 

judgments of moral value would be excluded. 

Generally though, liberal and conservative welfare economists 

agreed on the following: price stability is good; rising national 

income is desirable; the allocation of resources through competition 

and consumer choice gives the best results; productivity is the most 

ethical basis for rewards; increased productivity is to be welcomed. 

There is not, therefore, a vast difference of opinion insofar 

as both presume certain bases for the good life. The principal 

differences between them appear first, in the degree to which value 

judgments are openly recognized and approved: second, in the degree 

of reliance placed on individualism and laissez faire as opposed to 

collective social controls over the production, distribution and the 

consumption of wealth. 
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Thinkers as diverse as John Atkinson Hobson who leaned toward 

fundamental reforms, and Author Cecil Pigou, leading neoclassicist 

of his day, contributed to welfare economics. John Maurice Clark, 

who was perhaps an institutionalist with roots in marginalism 

included in his wide range of interests the problems of government 

intervention in the economy to promote the good of society; he too, 

therefore, may be called a welfare economist, or at least he was an 

economist concerned with the social control of enterprise. 

Pigou's most significant deviation from orthodox theory lay 

in his belief that government conservation measures are commendable 

on the bases of increasing economic welfare. The task of government 

is to bring into equality private marginal net cost and social net 

cost by subsidies, taxes, or legal regulation. 

Although Pigou's book, The Economics of Welfare (1929), was based 

on utility theory, almost 150 years after Bentham first enunciated 

his famous principle, Pigou, himself does not appear to have accepted 

ethical utilitarianism. Nevertheless, he took over the whole Bentham 

doctrine that the welfare of society was the sum total of the welfare 

of individuals, and that the welfare of an individual was the sum 

total of the satisfactions he experienced. However, Pigou clearly 

did not believe, like Bentham, that it followed from the very concept 

of welfare that it ought to be maximized. The Economics of Welfare 

was then thought to be a study of the causes of economic welfare, and 

not to be an essay in normative economics. Little (1957, p. 9) 
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however tries to show that Pigou's idea of summing individuals' welfare 

is a mistaken view and also elaborates upon the objections which have 

been brought against such a theory. 

First, Little says that satisfactions cannot be added. The 

result of this criticism has been the general acceptance of a theory 

based on the view that only the ordinal number system, and not the 

cardinal number system, may be applied to satisfactions. In other 

words, one can say when one has more or less satisfaction (as Pigou 

[1929, p. 10] states), but one cannot say how much one has. What 

Pigou means is that an individual satisfaction is extremely difficult 

to quantify or evaluate but an individual is able to compare different 

degrees of satisfaction. 

Secondly, Little notes that the satisfactions of different 

people cannot be compared in an objective scientific way, and that 

any such comparison is a value, or an ethical judgment, and not an 

ordinary empirical judgment about a matter of fact. TWo implications of 

Little's statement should be noted. The first is that, in general, a 

collective utility function for all individuals cannot be formulated. 

This is true as we shall see in the subsequent chapter. The second 

implication is that an effective society can exist, or management 

thereof, if an objective comparison can be made between different 

individual's satisfactions. We will structure a subjective comparison 

of satisfactions which will result in political- economic system that is 

very realistic, as any citizen of the United States will agree. 
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The third criticism, which arises out of the second, is that 

welfare economics is inevitably a normative study, because no change 

could be made without harming someone, and since (it has been said) 

interpersonal comparisons of satisfaction are value judgments, and 

essential to judgments about the welfare of society, welfare economics 

is unavoidably ethical (Little, 1957, p. 13). When economists realized 

the apparent validity of these criticisms around 1900, the New Welfare 

Economics subsumed Welfare Economics. 

New Welfare Economics 

The New Welfare Economics claims to have established the 

"optimum" conditions of production and exchange without adding 

the utilities of different persons. In this respect it has broken 

with the utilitarian tradition in economics. The founder of the 

New Welfare Economics was Vilfredo Pareto, who not only used the 

concept of ordinal preference, but also defined, for a society, an 

"optimum" position which was independent of any necessity for adding 

satisfactions, or comparing the satisfactions of different individuals. 

An "optimum" position was one in which it was impossible to put any 

individual "on a higher indifference curve" without causing someone to 

drop to a lower one. Pareto did not clearly say when one situation 

could be said to be better than another. He only established some of 

the necessary conditions which must be fulfilled if it is to be 

impossible to make some individual "better" off without making any 

other "worse off." These conditions are generally known as the 

Pareto- optimum conditions without compensation. 
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Why a new welfare economics? What was wrong with Pigou's 

work? One critic, J.R. Hicks (1939b), identified three critical 

weaknesses: 1) Pigou had correlated economic and general welfare; 

2) He had freely made interpersonal comparisons; and, 3) He had 

identified the sum of consumer surpluses with the real value of the 

national dividend. What could be done to rectify the weaknesses? 

Hicks and others, advocated "reorganization" and "compensation ". 

A reorganization was any alteration in economic circumstances: changes 

in the tax structure, alterations in tariff schedules, and so on. 

A change in taxes which helped someone without hurting anyone else, 

improved welfare: it was an ideal reorganization. This principle 

seemed logically irreproachable until an astute critic, Kenneth Arrow 

(1951), pointed out that those who were unhelped might envy those 

who were helped. But more important, it was exceedingly difficult 

to imagine actual situations in which the only change was favorable. 

At this point the second principle was put into play. If it were 

possible for those who gained from a reorganization to compensate 

those who lost and still (with same unspecified form of economic 

payment) retain some net advantage, the economic possibilities were 

numerous. The difficulty lies in translating these principles into 

policies. Appropriate compensation demanded that gainers and losers 

be identified. But who was hurt? How great was the damage? How 

should the compensation he collected? Who had benefitted? 
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One of the achievements of the new welfare economics was precise 

identification of the conditions of maximum welfare. As Melvin Reder 

(1947, p. 38) put it: "...If welfare is to be a maximum, it must be 

impossible to increase it by varying the output of any product consumed 

by a consumer (including variations from zero); or by varying the 

amount of any factor unit used to yield direct service to any 

individual (including variations from zero)." 

Although the new welfare economics traces its ancestry back 

to Pareto, it is only in the last 20 years that it has flowered. This 

offshoot has been called the 'hew" New Welfare Economics (Little, 1957). 

Many eminent contemporary economists have done work in this subject, 

among them J.R. Hicks, Paul Samuelson, Lionel Robbins, Roy Harrod, 

Abram Bergson, Nicholas Kaldor, and Harold Hotelling. 

"New" New Welfare Economics 

The blossoming or 'new" New Welfare Economics school treats 

welfare as a purely ethical concept; welfare conclusions can only 

be deduced from ethical premises which must be "given" by someone 

(Bergson, 1938). Let us call him Big Brother as Orwell (1949) 

referred to his leader in Nineteen Eighty -Four. Little or no 

attention is paid by this economic school of thought to satisfaction 

or happiness, although, of course, Big Brother may-take it into account. 

There is, however, no necessary reason why Big Brother should decide 

that the welfare of particular individuals is relevant to the welfare 

of the community at all. It is therefore possible that a criterion 

for an increase in a given individual's welfare would not be required. 
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Only if Big Brother decided that the welfare of society was a logical 

construction from the welfares of individuals would such a criterion 

be necessary. Even then he might decide on some criterion which would 

evade the difficulty that people are inconsistent, and that a criterion 

based "on a higher indifference curve" cannot be very well applied 

to actual individuals. Big Brother might then decide that satisfaction 

and happiness were irrelevant to welfare. 

The 'hear" New Welfare Economics was first formed by Bergson 

in 1938. In his formulation the "optimum" conditions of production 

and exchange were derived as necessary conditions for "maximum welfare ", 

a basic concept we will use in our collective utility theory. Samuelson 

(1965, pp. 218 -228) modified Bergson's system and proceeded by way 

of a (Bergson -Samuelson) social welfare function, or what we will be 

calling a collective utility function. In other words it is postulated 

that all possible configurations of the social system are arranged in 

order of value. This means that, if the system is ever to be applied, 

we require Big Brother to answer the question "Is X better or worse 

than Y?" for all conceivable values of X and Y. The value judgments 

of Big Brother must he consistent in the same sense, as an "economic 

man" must be consistent. That is if Big Brother says X is better 

than Y, and Y is better than Z, he must say that X is better than Z. 

It follows that a change in social welfare is desirable if 

sore individual can attain a higher level of satisfaction, and no 

other individual is affected at all. This suffices for the deduction 
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of the optimum conditions of production and exchange as necessary con- 

ditions for attaining the highest possible value for social welfare. The 

final condition for achieving the optimum is that there should be an 

ideal distribution of utility among the individuals. It thus must be 

imagined that Big Brother, besides establishing the value postulates 

(detailed below), also defines an ideal distribution of welfare. The 

value postulates are: 

1. That welfare is an increasing function of the well -being 

of all "individuals ", and, 

2. That an individual who is allowed to choose his own 

course of action is more satisfied than one who is not. 

The 'hew" New Welfare Economics is as not widely used as, say, 

the Keynesian School of economic thought, except perhaps in the related 

form of socialism. However, as we shall see subsequently, it offers an 

excellent framework for the integration of externalities, natural 

resource use, and the "social well- being" of a society. 

The Keynesian School 

The Keynesian system of ideas is based on a subjective, psycho- 

logical approach, and is permeated with marginalists' concepts including 

static equilibrium economics. It arose from the neoclassical or margina- 

list school with John Maynard Keynes himself being steeped in the 

Marshallian tradition. Although Keynes sharply criticized certain as- 

pects of neoclassical economics, which he lumped together with Ricardian 

doctrines under the heading of "classical" economics, he himself used 

many of the postulates and methods of neoclassicism and disassociated 

himself from any attacks on the neoclassical theory of value and distribution. 
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The major principles of Keynesian economics fall under three 

main headings. First, Keynes assumed that there is a high correlation 

between national income and the level of employment in the short run. 

The second point is that consumption spending is a variable determined 

by the size of income. That is, consumption spending is a stable 

proportion of income at each level of income, and the proportion falls 

as income rises. This is the "consumption function based on the 

psychological propensity to consume. The third heading is Keynes idea 

that laissez faire is obsolete, and the government should intervene 

actively to promote full employment. 

New schools of economic thought will undoubtedly arise in the 

future to deal with old and new problems in a new theoretical framework. 

No new system of ideas, however, has yet appeared on the horizons to 

challenge the dominant Keynesian school. This school has therefore 

not outlived its usefulness. 

Socialist Economics 

Some aspects of the Big Brother and the collective utility 

concepts can be traced to socialist theory. For example, the conser- 

vative Italian economist Enrico Barone (1935) made an essential advance 

in 1908 when he proved the mathematical possibility of an equation sys- 

tem which, when solved, distributed resources and incomes efficiently 

in an economy directed by a central authority. At the time, the 

prospect of solving millions of simultaneous equations condemned the 

solution to the theoretical (the idea of solving that many equations 

does not seem appealing even now). 
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Dobb (1945, p. 304) saw no problem with an authoritarian 

decision maker. Consumers, after all, he argued, saw only a limited 

number of the available alternatives. Experts could often make choices 

which increased the ultimate satisfaction of consumers. The consumer 

himself might ultimately admit the superior judgment of those who 

made his choices for him. 

Oskar Lange and Fred Taylor (1964) extended this sketch by 

giving a description of equilibrium conditions in a socialistic 

society. Every industry attained its best position on the basis of 

equilibrium prices. Equilibrium prices, themselves, were determined 

by equality between supply and demand for every commodity. Each 

consumer's income equaled his receipts from the sale of his own 

productive services. In Lange and Taylor's socialist community, 

individuals endeavored to maximize utility, profit, or income. They 

maximized utility by equalizing the marginal utilities of their 

purchases. According to their instructions, managers achieved maximum 

profit by combining factors as efficiently as possible on the basis 

of existing prices. Workers maximized their income by selling their 

labor to the highest bidders. Some set of prices satisfied all these 

conditions simultaneously. This was the equilibrium set. 

Collective utility has borrowed concepts from other approaches 

which cannot be properly labeled as schools of economic thought. Econo- 

mic techniques would perhaps be more descriptive of their contribution. 

These are mathematical economics and monetary economics. 
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mathematical Economics 

The term "mathematical" economics refers to those economic 

principles and analyses that are formulated and developed using 

mathematical symbols and methods. The use of graphs and mathematical 

symbols to supplement verbal explanations is common practice. Mathe- 

matical economics, therefore does not constitute a separate school 

of thought, but rather a distinct method. 

"Econometrics," a branch of mathematical economics, combines 

theoretical, mathematical, and statistical analysis. It is a science 

that deals with the determination of concrete quantitative laws 

occurring in economic life, by statistical and mathematical methods. 

For example, general equilibrium analysis, in contrast to Alfred 

Marshall's partial equilibrium, considers the interrelationships 

among the many variables in the economy as a whole. One of the ori- 

ginators of this approach was the Frenchman at Lausanne, Switzerland, 

Leon Walras. The use of indifference curves to analyze consumer 

demand originated with the Englishman Francis Ysidro Edgeworth and 

the Italian Vilfredo Pareto. Its aim was to avoid measuring utility 

quantitatively and exactly. 

Input - Output analysis is largely the creation of the Russian- 

born American economist Wassily W. Leontief. He originally sought 

to present the essence of general equilibrium theory in a simplified 

form (viz., linearity) suitable for empirical study. 
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Monetary Economics 

There is no distinct and separate school of monetary economics. 

Some schools emphasize monetary phenomena more than others. The 

classical and rbrxist schools and the early marginalists, for example, 

regarded money as a veil that had to be pulled aside to examine the 

real world. They felt that money and prices were quite secondary to 

the more basic factors. ethers, such as the later marginalists, and 

also Mitchell and Keynes, combined monetary analysis with their study 

of fundamental economic processes. Money in economic theory was 

destined to grow in importance over the years with the growth of 

banking, credit, market fluctuations, and the increasing importance 

of monetary policy of the central banks and governments. 

The three most important monetary economists, John Wicksell, 

Irving Fisher, and Ralph fawtrey, are all in the marginalist tradition. 

Their contributions to the monetary side of economic processes can be 

explained on three counts. First, they developed an area that had 

been neglected, that was growing in importance, and that therefore, 

required emphasis. Second, they helped integrate monetary analysis 

into general economic theory. Third, they may have exaggerated the 

role of money because it is too easy to overcompensate for past 

shortcomings, and cause the pendulum to swing too far in the opposite 

direction. 
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Collective Utility 

The works of Pareto (1893, 1897, 1909), Samuelson (1965), 

Hicks (1939b), Bergson (1938), and others have done much to develop 

the foundations of social welfare as we saw in the previous sections. 

Although the theory seems promising (and collective utility will be 

based on much of it) it has yet to advance from the descriptive 

microeconomic State and has yet to be linked with other available 

theories. 

Broadly speaking, economics can be defined as the science 

that describes and predicts the behavior of several kinds of economic 

men - notably the consumer and the entrepreneur. We usually classify 

economic theory along two dimensions: 

1. whether it is concerned with industries and the whole 

economy (macroeconomics) or with individual economic 

actors (microeconomics) ; and 

2. whether it strives to describe and explain economic 

behavior (descriptive economics), or to guide decisions 

either at the level of public policy (normative macro- 

economics) or at the level of the individual consumer or 

businessman (normative microeconomics). 

The general field of economics, and social welfare in particular, has 

been hard pressed to integrate any of these concepts into a unified 

theory. It seems that the preponderance of economic theory has dealt 

with normative macroeconomics. 
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Consequently, an alternate theory has been proposed by 

Lesourne (1964), in the spirit of a systems approach - collective 

utility (a term suggested by Slutsky, 1952). The phrase is easy 

on the senses. First of all, utility denotes the capacity or the 

quality of the good or service to satisfy a want. Utility denotes 

the importance, the significance, or the usefulness which we think 

we see in a good or in a service. It subsumes the concept of satis- 

factions for individuals and revenues for firms. Collective means 

from an aggregate standpoint; whether it be the aggregate of society 

or society as modified by Big Brother. The choice of the word 

"aggregate" may be a poor one for it rightly has an association with 

the macroapproach. However, as it shall be seen in the sequel, a 

given individual and /or firm will receive adequate (as determined by 

Big Brother) recognition. Furthermore, the development will contain 

elements which can be handled from the descriptive or normative view- 

point. 

The specific purpose of the collective utility theory is to 

provide a basis for a practical method for "comparing alternative uses 

of resources" (Lesourne, 1964, p. 2) from the point of view of social 

welfare maximization. Lesourne was concerned with "scarce resources" 

however, "scarce" is too restrictive a term - no assumptions 

are made in the theory to support its use. We will simply concern 

ourselves with the allocation of any resource, both natural and man- 

made, irregardless of its apparent scarcity. In contrast with the 

approach of the "new" New Welfare theory which states the conditions 
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of optimality (i.e., "la theorie de l' optimum economique "), collective 

utility (as it will be developed here) provides the theory which compares 

two or more alternative states of the economy, independently of their 

optimal character ( "la theorie de la comparison des etats economiques "). 

(Lesourne has announced a forthcoming book on the former). 

The basic ideas of the method is presented in the next chapter 

with several simplifying assumptions (one time period, perfect fore- 

sight, no government activities) - the concept of government inter- 

vention is introduced later in that chapter. Lesourne starts by 

postulating the existence of the Bergson- Samuelson social welfare 

function (discussed in the section on "new" New Welfare Economics), 

whose arguments are the utilities of each individual in the economy. 

As such, the theory at least implicitly assumes that the society has 

only individuals for constituents - firms are not considered. We will 

extend the theory to include not only the utility or satisfaction of 

individuals, but also the utility or revenue of firms. Satisfactions 

and revenues are, in turn, functions of the quantities of goods and 

services consumed or produced. Since the objective is to compare 

alternative situations, attention will be focused on changes in 

social welfare resulting from the passage from one situation to another. 

Such changes are formally represented by the value of the total differ- 

ential of the social welfare function, or as Lesourne has daubed it, 

the collective utility function. Then, by postulating a maximizing 

behavior on the part of individuals, subject to budget constraints, 
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and on the part of firms, subject to production functions, this total 

differential turns out to depend only upon the (infinitesimal) changes 

in the quantities of all goods and services consumed or produced, 

as well as upon the distribution of income. The role of the latter 

is ruled out by assuming optimality of income distribution. 

Since the maximization of welfare implies the possibility of 

an ideal distribution of welfare (as defined by Big Brother), we will 

always assume that the initial economic state exhibits an ideal dis- 

tribution in the collective utility formulation. Otherwise an 

increase in social welfare would be possible with a simple shift of 

individual welfare, say, a redistribution of income, instead of a 

complete restructuring of the economy. Then we can say that a change 

in social welfare is economically desirable if: 

1. it does not result in a bad redistribution of welfare, and 

if; 

2. the potential losers cannot economically bribe the potential 

gainers to 'vote" against the proposed change. 

The first point means that the increased "good" outweighs the 

increased "bad." The second point simply means that a redistribution 

of income, say, will not increase social welfare. In yet other words, 

a policy of lump -sum transfers could not make everyone as well off 

as by implementing the change. 

Thus, by specifying that the ratio between the marginal col- 

lective utility of each individual's satisfaction and /or of each firm's 

revenue, and the individual's and /or firm's marginal utility of income 
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is the same and constant for all individuals and /or firms, only 

quantity of good changes remain relevant for evaluating the collective 

utility desirability of a decision leading the economy from one state 

to another. The sign and the absolute value of the corresponding 

total differential constitute a measure that renders the collective 

utility criterion applicable - provided all the above assumptions 

are valid. This very sketchily summarizes the reasoning leading 

to Theorem 1 (p. 26) of Le Calcul Economíque and to an extended form 

of that theorem in the following chapter. 

The main tool of our approach is thus calculus, which we 

will alternate with simple verbal reasoning. However, the total 

differentiation of the collective utility function postulates that 

all changes in quantities he infinitesimal. Therefore, the above 

described method can only be used for the evaluation of " marginal 

transformations" of the economy. But the most important alternatives 

to be compared in an economy usually involve finite (and quite 

sizeable) differences, for which the assumptions of constancy of many 

parameters (especially the prices) no longer holds. Therefore, 

another method is needed, which Lesourne calls the "theory of struc- 

tural transformations," which is basically the summation (actually 

integral in the infinitesimal case) of sequential marginal transforma- 

tions. Thus the path, joining the two states of the economy before 

and after the structural transformation, accounts for the successive 

changes over time of all the relevant variables in such a way that, 
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along the path, all equilibrium conditions hold. The numerical value 

of the integral measures the change in collective utility resulting 

from the transformation. From the point of view of economic theory, 

the method relies upon the concept of consumers' and producers' 

surplus of Alfred Marshall (1920) and J.R. Hicks (1939a). Structural 

transformations will be taken up in later chapters. 

As was stated in the beginning of this chapter, collective 

utility is an eclectic of various economic thought. Fig. 3 -1 illus- 

trates the various features of collective utility that have been 

adapted from various economic doctrines. The evolution of several 

economic theories fundamental to collective utility is illustrated 

in Fig. 3 -2. 
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CHAPTER 4 

DEVELOP^ ?ENT OF THE COLLECTIVE UTILITY CALCULUS 

In this chapter we will develop the mathematical structure 

which forms the economic basis for the utilization of natural resources. 

We have chosen to call this structure the calculus of collective utility, 

after Lesourne (1964) . 

When we speak of collective utility, we are concerned with 

the welfare of a particular society. The size of the society can 

range from a single family to that of a political- economic nation. 

By defining the appropriate boundary lines of such a society, we 

could safely label it an economic area. In fact the latter term 

may be preferable, in order to denote that we are usually concerned 

with analyzing certain activities within a subset of a nation. Since 

an economic area usually has individuals and firms for constituents, 

let us devote some discussion regarding the modeling of their behavior. 

A Theory of Individual Behavior 

We must initially realize that a given individual does not 

usually have perfect foresight concerning the dynamics of his envir- 

onment. Consequently, the individual is forced to make decisions 

under uncertainty, and the complexity and instability of his environ- 

ment becomes a central feature of the choices that he faces. To 

39 
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explain his behavior in the face of this complexity, a behavioral 

theory for individuals must at least incorporate some description 

of the processes and mechanisms through which an individual adapts 

the environment to his needs - call it a "personalizing" process. 

Knowing that we cannot predict any individual's behavior, 

our theory will only deal with class behavior. In doing so, we 

will assume that the goal of each individual is that of maximizing 

his satisfaction. His satisfaction is uniquely derived from the 

consumptions of various quantities. These goods may range from an 

individual's labor to factory smoke that is inhaled. Furthermore, 

we do not specify over what time period an individual's maximization 

can occur. It is said that some persons live "as if there were no 

tomorrow" while others are concerned with "the life hereafter." 

Obviously, each person is implicitly maximizing over his particular 

time horizon. 

In broadening our analysis to encompass individual goal con- 

flict and uncertainty, it would be difficult to ignore the distinc- 

tion between the objective environment in which an economic man 

"really" lives and the subjective environment that he perceives and 

to which he responds. Properly then, the calculus should deal with 

probability distributions on the possible states of nature, individual 

subjective probabilities concerning goods, prices and flow, shifts 

in the functional form of individual satisfaction functions and so 

on. However, as was stated previously, we will not treat uncertainty 
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in our development of the calculus of collective utility. For such 

extensions into an "advanced" calculus of collective utility, Dehreu 

(1959) and Lesourne (1964, Chapters 7 and 8) serve as excellent 

sources. 

A Theory of Firm Behavior 

Just as the central assumption in the theory of consumption 

is that the consumer strives to maximize his satisfaction, so our 

crucial assumption in the theory of the firm is that the entrepreneur 

strives to maximize his net revenue. Generally we should say he 

seeks to maximize some form of "managerial effectiveness ". This may 

be return on investment, return on common stockholders equity, retained 

earnings, or whatever. For simplicity we will just say net revenue. 

We do not specify whether it is short -run or long -run profit that is 

to he maximized. That is management's perogative. 

It is often observed that under modern conditions the equity 

owners and the active managers of an enterprise are separate and 

distinct groups of people, so that the latter may not be motivated 

to maximize profits. For our purposes, we will assume that the 

entrepreneurs behave as though they were equity owners. Since 

stockholders are quick to remove managers who fail to show satisfactory 

results, this assumption seems perfectly valid. 

Like the economic man, the economic firm perceives and responds 

to a subjective environment. corporate strategies usually result from 

long -range planning in which company decision makers try to visualize 
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future markets (among other things) and the company's anticipated re- 

lation to them. In addition, concepts like "good will" and "corporate 

image" usually have no known market value, but they inevitably play 

a role in forming these corporate strategies. 

Both the individual and the firm will play important roles 

in the collective utility function. However, the following section 

will show that in general, a collective utility function does not 

exist. 

The Possibility of a Collective Utility Function 

In this section, we will show that it is generally impossible 

to construct a collective utility function based on individual indiff- 

erence curves, for more than three consumers or individuals (and /or 

firms). Consider the following arguments adapted from Evans (1930, 

pp. 116 -120). 

Let Sk denote the pleasure or satisfaction obtained by a 

person k in consuming quantities 
plk' Q2k' '" QNk 

of goods 1, 

2,..., N. Let U = U(S1, S2,...,SK) be the collective utility 

function for a society consisting of K individuals. Since U denotes 

a scalar function for the society's satisfaction, then 

dU = 
aS 

dS. 

z 

[4.1] 
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provided dSj = 0,j, i #j. In other words, the collective utility 

function must directly reflect fluctuations in any individual's satis- 

faction, provided that the satisfaction of all other individuals remain 

unchanged. 

Of course Eq. 4.1 presupposes that U is available for manipu- 

lation. Initially, all we can assume is some form for a change in 

collective utility, 

G1(S1,S2,..., SK)dSl + G2(Si,S2,...,SK)dS2 + ...+ 

+ GK(Sl,S2,..., SK)dSK, [4.2] 

where the G's are, as yet, unspecified functions. We will now 

show, that in general, no collective utility function can exist for 

a society composed of three or more individuals. Proof: 

The infinitesimal loci of collective utility indifference 

for K individuals is obtained by setting expression 42 equal to zero, 

i.e., 

SK)dSi = 0. [4.3] 

If we can find an integrating factor R(S1,S2,..., SK), such that, 

multiplying Eq. 4.3 by R will make the resulting expression the com- 

plete differential of some function U(Sl,S2,...,SK), i.e., 

dU = R G GidSi, 
i 

then the loci of indifference will be surfaces, 

U(S1,S2,..., SK) = C. 
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But in general there is no integrating factor P which will 

transform Eq. 4.3 into a complete differential like Eq. 4.4. In 

order that there should he an integrating factor R we must have 

all 
R C. 

i ' 

since 

dt! _ á dSi . 

But since 

á" (l' J 
(sas. j . Ì' i 

we must have 

á77 (t?cj) _- (RGi) . 

These equations may be expanded into 

R 
(#j - 

aG. aR l ) + 
G. 

aR 
Gi 

= o, 1 #j 

J 1 J 

which specify(Z) equations. Algebraic manipulation of terms will 

cancel the derivatives of R and the equation reduces to, 

P G. (a j - =-=c = 0 O. 
ask as 1 

i,j,k j 

Since R cannot be identically zero, we must have 

G (açj 
_ Nc) = o. 

i ask aS. 

i,j,k j 
i #j #k 
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But this is a condition of the C's alone, and these therefore cannot 

be independent if Eq. 4.3 is to be completely integrable. In other 

words, Eqs. 4.6 specify more than K conditions (viz.,`) conditions) 

which the G's must satisfy. Hence, in general, there will be no collec- 

tive utility function in the case of three or more individuals. 

Q.E.D. 

We will not be particularly concerned with the above conclu- 

sion, that a particular form of U(Sl,S2,..., SK) does not exist. In 

determining the economic feasibility of implementing certain policies 

we are not concerned with evaluating the collective utility function 

at any point in time, but rather we wish to know if such policies will 

increase collective utility. Hence, we are interested in knowing if 

these expenditures will cause the expression of 4.2 to be positive. 

We will waste no time in trying to find a functional form for R. In 

fact, by forming certain hypotheses, we will manipulate each Gi into 

a constant and replace each dSi by an expression more open to quantifi- 

cation. Thus we will be able to deal more effectively with such terms 

as: 

G1(Sl,S2' SK)dSi, 

thereby facilitating the evaluation of expression 4.2, while simul- 

taneously, avoiding the evaluation of individual satisfaction functions. 
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Symbology 

To maintain uniformity, the symbology and notation defined 

now will be used throughout the remaining report. 

Define... 

Pik' Qih 

Pik' pih 

T 

as: 

the total quantity of good or service 

i produced or consumed by individual k 

and firm h per unit time, respective- 

ly, 

the total quantity of good or service 

i exported or imported into an econo- 

mic area per unit time, respectively, 

the total quantity of good i consumed 

in the form of a natural resource per 

unit time, 

price paid or received for a good 

or service i by individual k or firm 

h, respectively, 

the time horizon in which a change 

in collective utility is assumed to 

occur, and 

the revenue or income received by 

individual k or firm h per unit time. 



The sign convention on Oik and 
Qih 

is as follows: 

Good Produced 

Good Consumed 

which follows the usual viewpoint that individuals consume goods while 

Individual k Firm h 

Qik 0 Qih ' 0 

Qik '- 
o 

Qih `- 
0 
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firms produce goods. 

We will now state a set of hypotheses which serve as a basis 

for subsequent developments. 

Hypotheses 

The following hypotheses will be basic to the development of 

the calculus of collective utility and would serve as departure points 

for extensions of the theory (e.g., to include uncertainty or income 

redistribution). To facilitate subsequent referral we will label 

each hypothesis with an 'TI" and a sequence number. 

II -l: The collective utility function of an economic area 

is dependent on the satisfaction of all individuals and the net revenue 

of all firms. 

H -2: Individuals seek to maximize their satisfaction subject 

to their income constraint, while'firms seek to maximize net revenue 

subject to their production function. 
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H -3: All aggregations are considered to be consistent. That 

is, the use of information more detailed than that contained in the 

aggregates would make no difference to the results of the analysis 

(Green, 1964, p. 47). 

H -4: The functional form of the collective utility function, 

all individual satisfaction functions and all firm net revenue functions 

and production functions undergo no variation during the time horizon 

considered. 

H -5: The economic area is considered to be an open economy, 

with partial utilization of resources. 

H -6: A price structure and a production level for goods and 

services will develop for every fixed distribution of income among 

the consumers. The prices and levels that do develop will be such 

that H -2 is satisfied. 

H -7: Each individual and firm is a "price-taker." That is, 

the quantity of goods consumed by an individual or firm is insufficient 

to warrant a restructuring of the price system. 

H -8: Each individual must pay the same price - schedule for a 

given good. Each firm must also pay the same price - schedule for a 

given good. However these price - schedules are generally not the same 

because of commerce conditions (e.g., volume buying by. firms). 

H -9: The distribution of income in the initial economic state 

is optimum when considered collectively over the population of individuals 

and firms in the economic area. 
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H -10: Big Brother employs explicit relationships in evaluating 

the subjective worth between individual satisfactions, between firm net 

revenues, and between any individual's satisfaction and any firm's 

net revenue. The word explicit is essential since Big Brother could 

be a computer. 

H -11: An action or policy is specified to be economically 

desirable if its implementation will effect a non -negative change in 

collective utility. 

H -12: For all individuals and State (the "firm" that is managed 

by Big Brother) administrative service agencies, a unique system of 

prices (tax included) exists. For all firms a similar system (tax 

excluded) exists. 

Development of the Calculus 

From H -1, the collective utility function is defined to be 

tJ = U(S1,S,..., SK, Rl,R2,..., 
RH) 

[4.7] 

where Sk is the satisfaction function of the kth individual and Rh 

is the net revenue function of the h-t-I-1 firm. It may be argued that U 

is not defined in terms of homogenous units. But by H -10, Big Brother 

has a suitable aggregation function at his disposal. 

An incremental change in collective utility, i.e., a marginal 

transformation, is given by 

dt! = Eau1c dSk +E dF.h, 

h 

[4.81 
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but Sk = Sk(Qlk, Q2k,..., QNk), 

= Rh (Qlh, Q2h, . . . , QNh) . 

Then the expression for dSk and dRh are, respectively, 

dSk 
= dQik 

aR 
dRh = dQlh . 

ih 

Substitution of Fq. 4.9 into Eq. 4.8 yields 

dU 
a Sk 

i k 

[4.9] 

dQik + [ a"'. aih dQihI 
[4.10] 

h 

Using H -2 and H -6 leads to a mathematical programming problem with 

the p's as independent variables and the Q's as dependent variables. 

From H -2, we can determine the Q's if we 

Maximize: Sk 

subject to rk 
pikQik 

Maximize: Rh 

subject to 
fh(Qlh'Q2h'" " QNh) = 0' 

where fh denotes the production function for the h-- firm (see 

Shepard, 1953, for an extensive review of production functions). Using 

the technique of Lagrange multipliers (ak and ah), the necessary con- 

ditions for maxima are 



ak Qik Akk Pik 

rk - Pik4ik 0: 

- a 
1 

= 0, 
v ili }' 

mg. 
h 

Using H -7, we can write 

fh= 0 . 

224k = 0, 40k. 

aQik 
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[4.12] 

[4.13] 

[4.14] 

That is, every individual is a "price- taker ". This seems to be a valid 

hypothesis because an individual generally does not buy in sufficient 

quantities as to effect a price structure upheaval. Nor does he buy 

in sufficient quantity to warrant a price discount. H -8 allows us 

to drop the k subscript from the price of goods consumed by individuals 

because there is no special price to any individual. Hence we can 

write, 

pik = pi . 
[4.15] 

However we cannot make this statement for firms. Thus, although 

Eq. 4.12 is valid, we cannot write pih = pi. Using H -7 and H -8, 

Fq. 4.10 can be simplified to 

11 dU = 
[ AkpidQik + AhAh Q1 dQihI ' 

[4.16] 

i k h 
ih 
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with 

Ak = a ak, and 

au = 

11 
a tzh 

It will be noted that the A's have been defined to have the units of 

(collective utility)/(monetary value). Such definitions will facilitate 

referring to H -9 and H -10. Note that Ak and Ah denote the increase 

in collective utility caused by an increase in revenue for individual k 

and firm h respectively. 

Now H -9 implies that the marginal value of revenue, from the 

collectivity standpoint, is the same for all individuals and firms. 

Hence, 

Ak =Ah =A 

and A can be taken as unity by a proper choice of units. In other 

words, it is Big Brother's opinion (H -10) that the collective utility 

is equally enhanced if an individual receives an extra dollar in income 

(to spend on satisfaction) or a firm receives an extra dollar in net 

revenue. Big Brother is indifferent as to the source or sink for funds, . 

he is only concerned with the magnitude of the flux of funds. Any 

other desired distribution of income or importance of individuals 

or firms could be realized by specifying unique values for the Ak's 

and the Ah's provided H -9 was discarded. 

We are taking advantage of the one obvious instrument of 

measuring welfare in social life, money. "Hence, the range of our 
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inquiry becomes restricted to that part of social welfare that can 

be brought directly or indirectly into relation with the measuring rod 

of money. This part of welfare may he called economic welfare" 

(Pigou, 1929, p. 131). 

As will be mentioned in a later chapter we may be guilty of 

believing that every good is quantifyable and that a price can be 

attached to every good. However this "sin" seems intuitively necessary 

if Big Brother is to make an efficient choice between alternative 

actions. His task is made that much more difficult if the various 

choices are in different units. But it should be noted that this 

dilemma exists only for Big Brother - individuals and firms need not 

worry about it. 

Notice we have avoided the issue of trying to decide what 

Sk and Fh, particularly Sk, looks like. What Majumdar (1961, p. 16) 

states as an "axiom" - "The [satisfaction] of any individual is what 

that individual perceives it to be" - is what we have taken for granted. 

In addition, we have just imputed a value judgment to Big Brother, i.e., 

H -10. In Arrow's terminology (1951, p. 28) we can say that such a 

collective utility function is dictatorial. By this we mean that 

Big Brother specifies Ak = Ah = A regardless of what individuals or 

firms think about it. In Arrow's words, Big Brother's preferences 

or orderings of social states completely specify the social preference 

relation (collective utility function), without regard for individual 

orderings. However, this does not preclude the free choice of Sk and 

Rh to meet individual or firm goals. 
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Hence, by using H -10, Eq. 4.16 can be simplified to 

dU == [ EpidQik + 
" ih 

dQih ] [4.17] 

i k h 
Together with the material balance equation for each good, assuming 

an open economy (H -5) , 

1:Qik QiE + QiR a Qih + Qi1 ' Vi. [4.18] 

Eq. 4.17 leads to the sufficiency condition for a desirable change in 

collective utility. H -11 specifies that an action or policy (by 

Big Brother) is said to be economically desirable if its implementation 

will effect a non -negative change in collective utility. 

Pigou had the spirit of the change in collective utility or 

marginal transformation when he spoke of his marginal social net 

product in 1929. The objectivity of Big Brother (H -9) is also 

implied when Pigou (1929, pp. 134 -135) states "The marginal social 

net product is the total net product of [hysical things or objective 

services due to the marginal increment of resources in any given use or 

place, no matter to whom any part of this product may accrue .... 

The value of the marginal social net product of any quantity of resources 

employed in any use or place is simply the sum of money which the mar- 

ginal social net product is worth in the market." 

We have not mentioned taxes up to this point in the development. 

As we shall see in the following section, taxes are one of the means by 

which Big Brother collects revenue. 
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The Government Sector - Big Brother 

In general, Big Brother operates as a firm with the usual revenue 

function subsumed by the collective utility function. Big Brother 

collects fees, revenues, taxes, etc., and in turn provides (and sells) 

unique goods and services for the population. Let us now consider in 

detail, the functions of the State. 

From the economic point of view, the State performs at least 

six basic functions (Lesourne, 1964, Chapter 4); 

1. The State sells some of the goods and services it produces, others 

are provided free, 

2. The State produces some goods and services which individuals and 

firms must consume (e.g., the Department of Defense); these are 

called general public services, 

3. The State produces some goods and services whose use is optional 

and free (e.g., highways); these are called individual public 

services, 

4. The State transfers revenue among individuals and firms through 

subventions and grants (e.g., the Welfare Program) - it provides 

a limited redistribution of income, 

5. The State levies direct and indirect taxes in order to gain revenue 

to carry out the functions above (e.g., income tax and sales tax, 

respectively), and 

6. The State establishes behavioral policies for individuals and firms 

(e.g., labor laws). 



56 

The first function is similar to that of a firm, it will be covered as 

such. We will not be concerned with the last function. For the re- 

maining activities, let us define the following notation: 

Indices Use Total Number 

v type of general public sector V 
w type of individual public sector W 
S the State sector 1 

Define... as... 

GSvk'GS 
vh 

the total quantity of general public 

service v consumed by individual 

k and firm h per unit time, respec- 

tively, 

ISwk,IS the total quantity of individual 

public service w consumed by indi- 

vidual k and firm h per unit time, 

respectively. 

The sign convention follows that of the Q's established earlier, viz., 

Individual k Firm h 

Service Consumed 
GS 
vk >- 

0 GSvh < 0 

ISwk > 0 I wh < 0 

The taxation system of the State is as follows: 

Define... 

ciS'cik'cih 

as... 

the fraction of natural resource i 

belonging to the State, individual k, 

and firms h, respectively, 



bhs,bhk'bhh 

K'B1 

Tk'Th 

ti 

57 

the fraction of firm h belonging to 

the State, individual k, and firm h, 

respectively, 

subvention paid to individual k, 

and firm h, respectively, 

direct tax on individual k and 

firm h, respectively, 

indirect tax on good i. 

It is obvious that the individual satisfaction and revenue 

functions, and firm net revenue and production functions need to be 

modified when the State is considered. In addition, we must also 

consider that the State's administration services, functioning as 

firms, have production functions. 

From P-12 we have 

pik = pi 

pih = (1- ti)Pi. [4.191 

Then considering taxes and subventions, the satisfaction and revenue 

function for an individual are given as 

rk - pi i 

Sk J Sk(ik'CSvk'ISwk)' 

+ (1-ti)Pici.kiR 
+ 
EbkhF'h 

+ 
Bk 

- 
Tk; [4.20] 

h 
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and the revenue function and production function for a firm are given by 

Rh = bhhL (1-ti)PiQih + Rh - 
Th+ Ebhht Rh' + ra(1-ti)picikQiR' 

i h' i 

h'#h 
fh (Qih, GSvh, I wh) O. [4.21] 

The production functions for State administrative services, v and w, 

are given by 

fv(Qiv,CSv,v, ISv) = 0, 

f (Qiw,GSvw, I w,w) = 0, 

where the primes indicate 'other' administrative services. 

The State is not generally concerned with the revenue function 

for any one of its particular administration services, but instead, 

is concerned with that services's contribution to the State's budget 

deficit function. The budget deficit function is composed of two 

parts, income and expense. The income I of the State is the sum of 

seven terms: 

I = ETh + 
27.Tk + EbhSRh + 4ciS(1-ti)PiQiR + tiPiQik 

h k h i i,k 

- - 
i-iv 

E 
tipiQiw' 

[4.22] 

i,v i,w 

The first two terms reflect the income tax from firms and individuals. 

respectively; the third is the income from firms which belong to the 

State; the fourth is the revenue from the sale of natural resources owned 

by the State; the fifth is the sales tax on individual goods consumption; 

and *he sixth and seventh terms reflect the sales tax paid by the 

State on the goods purchased by the administrative service agencies 

provided by the State. 



50 

The State spends the surin 

E _ lh + 

Pßk -E piniv 
- C: 
++ 

piniw 
[4.23] 

1,v i,w 
The difference between the income and the expenditures is the budget 

deficit of the State, and since we usually assume the State to be 

somewhat benevolent (or maybe wasteful), we specify the budget deficit 

to be zero, or at least negative. 

Policy for Effective Resource Utilization: Necessary Conditions 

We now have all the ingredients necessary to specify the 

theory for effective (the theory of efficiency will be formulated 

later) resource allocation or resource utilization. We will state 

that any policy which causes an effective utilization of resources 

is said to be economically desirable. By policy effectiveness, it is 

meant that the resulting change in collective utility is non -negative, 

i.e., 

du = ELEilidniJ: + Exi, dO.ih 

J 

Df 

i}1 
i k h 

with the constraints 

Enik + o. + ni.R hnih 

I - p< 0. [4.26] 

and the sufficiency conditions for individual maximization of satisfac- 

tion and firm maximization of net revenue. Eqs. 4.20 and 4.21 show that 

the necessary conditions of Eqs. 4.12 and 4.13 must he modified. They 

now become, 

[4.24] 

[4.25] 
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and, 

or 

CC 

aQik 

aSk 

acs 

akPi' 

kPv' 

= o, 

aISwk 

rk ° EpiQik ¿(1"ti)PioikQiR + h bkhRh + 
Bk - Tk [4.27] 

a Qih 

af 
A h al1_h 

= ah a£h 

aGSvh 
aGS 

h 

a P. a ah afh 
alSwh alswh 

fh (Qih' CkSvh, ISwh) = 

bhh (1-ti)Pi = ah áQ, 

hhh(1-ti )P 
af 

v=ah h 
3GSVh 

X 

--" h 
aISwh 

0, [4,28] 

fh(Qih' 
GS IS 

I wh) ' [4.29] 
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Notice that the revenue functions for individuals and firms 

depend on the actions of others, which means, by definition, that 

externalities are present. Externalities will be the subject of the next 

chapter. In particular, we will explore externalities that are caused 

by the utilization of resources and will be concerned with the effects 

of these externalities on our policy of resource use. 



CHAPTER 5 

EXTERNALITIES AND COLLECTIVE UTILITY 

Externalities are considered in this report because of their 

close association with the utilization of resources. Accordingly, 

we are concerned with the manner in which they affect the collective 

utility of an economic area. 

An externality has been defined as an interdependence of pro- 

duction or consumption functions which is not adequately taken into 

account (compensated for) by decision makers (Schmid, 1967). We can 

elaborate on this idea as follows. 

It is important to distinguish between technological and 

pecuniary effects of externalities (see McKean, 1958, Chapter 8; 

Millman, 1962, pp. 214 -215; Scitovsky, 1954, for further elaboration). 

Pecuniary effects perturb the prices or incomes of other units in the 

economy but do not affect their physical or technical ability to pro- 

duce. An example of a pecuniary effect is the development of a new 

energy source that makes fossil fuel obsolete. Technological effects, 

on the other hand, are those actions which do change the physical 

productivity of other units; for example, the pumping of groundwater 

from a common pool by separate farmers. Such action also has price 

62 
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and income effects upon other producers and products but these stem 

from changes in the technical ability tó produce. See McKean (1958, 

Chapter 8), for further discussion. 

Both pecuniary and technological externalities should he 

counted when distribution of wealth and income are considered. "Only 

technological effects should be counted, however, when we are concerned 

with questions of economic efficiency" (tiiilliman, 1962, p. 215). 

Pecuniary externalities have no place in equilibrium theory as it is 

discussed in this report (Scitovsky, 1954, p. 146). 

Buchanan and Stubblehine (1962, p. 371) sum these concepts 

when they state "External effects exist in consumption whenever the 

shape or position of a man's indifference curve depends on the consump- 

tion of other men. External effects are present whenever a firm's 

production function depends in some way on the amounts of the inputs 

or outputs of another firm." 

Market prices as allocative signals do not reflect these 

external effects specifically, although they do react to the purchase 

of items. Thus the market is led to allocate resources without taking 

into account satisfaction - influencing factors. Here, then, is an area 

where we do not expect the market to work optimally if nobody inter- 

feres. Explicit extra -market (i.e., State) action is required to attain 

optimality, but action is necessary only where these external effects 

are important. Such knowledge is extremely difficult to come by, 

short of crude rule -of -thumb estimates. Demand analysis does not 
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provide such data because individuals are usually unable to determine 

the importance of an externality, or to quantify how much his indiff- 

erence curve is modified by the actions of other individuals. 

It does not seem that the average individual, much less the 

average firm, understands or cares to understand the full scope of 

externalities. Many people fail to realize that externalities exist in 

space and time. By space, we mean those externalities in which the 

present effects are more noticeable. One homeowner builds a fence 

and deprives a neighbor of a mountain view. The neighbor is concerned 

with the immediate effects of the fence, not the long -range effects. 

Long -range effects are those that exist in the dimension of time. For 

example, the neighbor retaliates by planting a eucalyptus tree. 

Thus we may say that externalities may at best lower the 

production capability causing a lowered income to an area. At worst, 

future generations as well as the present one may have alternatives 

foreclosed, to the detriment of the welfare of an entire economic area. 

Rather than talk about the space and time dimensions of externalities, 

we will label externalities which affect present generations as horizon- 

tal externalities. Those externalities which affect future generations 

we will call vertical externalities. Writers have either devoted 

attention to horizontal externalities Millman, 1956; Buchanan and 

Stubblebine, 1962; Davis and Whinston, 1962; Smith, 1968) or to vertical 

externalities (Hotelling, 1931; Brown and McGuire, 1967; Cummings, 1969), 

but seemingly never to both. The remaining part of this chapter will 

synthesize both types of externalities into the framework of collective 

utility. 
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The second and next section of this chapter will develop the 

mathematics of horizontal externalities. The third section will con- 

sider the vertical effects of externalities. The last section will 

provide a small discussion of the method we will use to control the 

effects of externalities. This technique is called a resource "use - 

tax" and we shall see how it can he used to control externalities in 

both directions. 

Controlling Horizontal Externalities: Taxation 

In this section we will develop a calculus of externalities, 

in order to understand their makeup and consequently, their effect 

on the collective utility. Many of the definitions in this section 

have been adapted from those of Buchanan and Stubblebine (1962). 

The mathematics that follow are extensions and generalizations of 

their discussion. We will consider the externalities that are 

perpetrated on individuals or firms by other firms, and upon individuals 

by other individuals (all possible combinations are discussed by 

Scitovsky, 1954). It does not seem plausible that an individual can per- 

petrate externalities on a firm (without outright sabotage). 

To facilitate understanding of the mathematics, we will initially 

investigate how firm - caused externalities affect individuals and other 

firms. We will initially assume that the same good does not simultaneous- 

ly cause externalities for individuals and firms. Finally, we will gener- 

alize iur findings to include all feasible cases. 
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We have previously defined an externality to be present when 

the satisfaction of an individual or the revenue of a firm is depen- 

dent upon the activities of others, which we initially assume to be 

firms. This can he formulated by 

Sk = Sk(Q2k, ..., °Nx, mg), 

Rh 
= 

Rh (91h' 
... , Qi, mg)* 

We specify the first N goods to he under the direct control of the indi- 

vidual k, or firm h. The activity is under the control of a second 
Im 

firm g, who is presumed to be a member of the same economic group. 

Mathematically, an externality is said to exist when 1), 

[5.1] 

* 

Qn. 
ding # 0, 

DO 

0 
mg 

* 
or, Qm 

a'h d m # [5.2] 
51 g 

o 
mg 

where Qmg indicates the optimum level of Qmg as viewed from g's stand- 

point, and 2), the necessary conditions for the maximization of indivi- 

dual satisfaction and firm revenue (outlined in the previous chapter) 

are satisfied. Eq. 5.2 represents the cumulative effect of g's 

action upon the satisfaction of individual k or revenue of firm h. 

This effect can be either a beneficial or detrimental externality. But 

rathar, we label these cases as an external economy or an external 
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diseconomy, respectively. An external economy is present when Eq. 5.2 

is greater than zero; an external diseconomy is present when it is 

less than zero. The conditions for external. economy (diseconomy) 

state that the total effect of g's activity in the amount Qmg has been 

to increase (decrease)k's satisfaction or h's revenue. 

A Pareto externality is present if and only if 

or, 

f 
Q Q -p+ ag dmg # 0 

g g 
0 

Qm fgAh 
It can he recognized that 

and 

af, aR 

g ag agA 
á- 

1 

dOmg # O. [5.3] 
Mg 

a af 
anmg - h a 

fi 

[5.4] 

[5.5] 

represent the marginal product of good m to individual k and firm h, 

respectively. It can also he expressed as the long -run demand function, 

with price expressed as a function of quantity demanded. The term 

aR 
517g - 

Ing 

af 

Y(51 
mg 

[5.6] 
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can be labeled the marginal value of good m to firm g, or the long -run 

demand function for good m. Of course, at the equilibrium value for 

Qmg, viz., Qmg , expressions 5.4, 5.5 and 5.6 are identically zero. 

Then expression 5.3 specifies that a Pareto externality is present if 

the net value of supply for good m to individual k or firm h (or 

consumer surplus for good m) is not equal to the net value of demand 

for good g (or profit for good g) to firm g. The case of the individual 

and the firm is illustrated in Fig. 5.1. 

In the general case, we may say that at Pareto equilibrium 

(when the expressions of 5.3 are identically zero), the presence of an 

external diseconomy implies an offsetting internal economy, whereas 

the presence of an external economy implies an offsetting diseconomy. 

To illustrate this point, assume that k or h, the party affected by 

externality in our analysis, successfully secures through the auspices 

of the State, the levy of a horizontal externality tax HE mg on g's 

performance of the activity Qmg to correct the horizontal externality. 

Assume further that k or h is able to secure this charge without cost 

to himself. The tax will increase the marginal cost of performing the 

activity for g, and, hence, will reduce the extent of the activity 

attained in g's "private" equilibrium (see Phillips, 1965, for further 

extensions of taxation). Let us now presume that this tax is levied 

correctly, such that the rate of tax at the margin is made equal to the 

negative marginal evaluation of the activity to k or h. Although levying 

a tax on g's activity will cause him to modify his performance (firm 

g could pass on the cost of the tax by modifying his selling prices 
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but this will modify the demand curve and ultimately his supply 

curve - this is the goal of the tax), how should the tax affect k or 

h directly? tit'e can now make the point that to levy a tax on g which 

is not received as damages or compensation by k or h may prevent optimal 

resource allocation from being achieved. This is known as the "compen- 

sation principle" and has been discussed by Kaldor (1939), Hicks (1939a), 

Baumol (1946), Ilotelling (1938), and Pothenberg (1961), among others. 

In this new "private" equilibrium for g, we have 

where, 

or, 

aR 
= x --g - HE mg , 

af 

in a 

I1ETmg = 

a`m g 

HET 

Pink 

aR 
- x 

3cmg h amg 

[5.7] 

[5.8] 

represents the marginal tax imposed on g as he performs the activity 

mg. Then in Pareto equilibrium, obtained by imposing a tax-subvention 

system, expression 5.3 can he modified to read 

ri** 

/[kg 1Ir g â 
k 

-Pink - ( 
a.P. af - A + I-IFT 

mg 
dQmg = 0 

mg 

xll - RIET (:rig x I m¢ dQM = 0. 
mg g a mg 
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[5.9] 
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** 
In Eq. 5.9, mg represents the new "private" equilibrium value for 

Qmg, determined by g, after the "ideal" tax is imposed. As before, 

the terms contained within the second set of parentheses represent 

the "net" marginal evaluation of the activity for the acting party 

g and these sum to zero when equilibrium is reached. 

Notice by the definition contained in Tq. 5.8, we explicitly 

assume that the satisfaction gained or lost by individual k in being 

forced to consume good m is quantifyable in monetary terms. This 

is so that it can be included in Eq. 5.9. We may be falling into 

those fallacies to be described in chapter nine such as the quantifica- 

tion fallacy and sole- criterion fallacy. We readily admit to the 

sole- criterion fallacy, which believes that a single measure of effec- 

tiveness (dollars, here) can he used to judge the desirability of an 

action. With regard to the quantification fallacy (i.e., all effects 

can be quantified), we must consider the allotment of individual or firm 

revenue to nullify the effects of a detrimental externality. For an 

individual, this may be caused by an increased laundry bill to remove 

the effects of a factory's smoke; for a firm this may be due to the 

extra treatment costs of degraded water, caused by an upstream plant, 

to make it satisfactory for a chemical bath. The collective utility 

suffers when the total amount of individual laundry hills exceeds the 

cost necessary for the firm to completely eliminate smoke emission, 

air! similarly, for the effected plant. 
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In the case of a beneficial effect other problems may evolve. 

Theoretically, the tax is equivalent to the revenue that would have 

been spent to achieve that benefit. But asking the individual or firm 

to pay that tax would only evoke a response of the form, "I didn't ask 

for the benefit, why should I pay for it ?" Admittedly, the situation 

is identical to that in which someone is sent a "prize" in the mail; 

then on the following day, he receives the bill for that prize! 

In practice, beneficial externalities usually do not cause 

any problems because if a good created for the use of a certain group of 

individuals can be used by another group if individuals, without detri- 

ment to the first group, then no "social injustice" can normally he 

seen. Such an example may he the interstate highway system. Supposedly 

this system was created for the individual motorist. Say then that 

trucks can also use this system without detriment to the individual 

motorist. This would then be a case where beneficial externalities do 

not cause undercompensation. It may he argued that this is a case 

of detrimental externalities with undercompensation because the bulk of 

the system is supported by individual motorists while trucks cause 

rapid deterioration of highways, pollution, excess noise in town, 

traffic congestion, and so on. 

However, we will not be concerned when someone does not "pay" 

for a benefit received. But rather, the collective utility will suffer 

w'len someone is undercompensated for damages received. Consequently, 

we will change the equality constraint of expression 5.9 into a non - 

negative constraint, i.e., 



** 73 

g 

f p,,k - mg) + 
i 

4 - a as--f-g + HFTma dQm 
k t `mg Qmg 

0 

>0, 

or, 
** 

1212Eh - Ah - HETmg + (2L, - A + I HETmg dOmg> O. [5.10] 

0 
7ng Nmg Qrng Qmg 

Expression 5.10 is a particular form of criteria developed in 1844 

by Jules Dupuit (generalized by Notelling, 1938) for determining the 

social desirability of investment in such public utilities as canals, 

roads, bridges, and railways. "... Dupuit's test of social desirability 

is whether the sum of profit and consumers surplus is positive" 

(Scitovsky, 1954, p. 148). We are concerned only with a non -negative 

sum of profit and consumers surplus for good g. 

The important implication to be drawn is that a non -detrimental 

effect on collective utility can never be guaranteed via the use of 

unilaterally imposed taxes and subventions until all externalities are 

eliminated. If a tax - subvention method, rather than "trade," is to be 

introduced, it should involve bilateral taxes (subventions). Not only 

must g's behavior be modified so as to insure that he will take the costs 

externally imposed on k or h into account, but k's or h's behavior 

must be modified so as to insure that he will take the costs "internally" 

imposed on g into account (i.e., respond to the external compensation 

as if he were provided extra revenue to cover the costs of nullifying 

the effect of externalities). With such a tax - subvention scheme, the 

necessary Pareto equilibrium condition (as we have modified it) would 

be readily satisfied. 
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How then is this tax on firms to be transferred as subventions 

to individuals. Buchanan and Stubblebine (1962, p. 374) naively 

believe that such commerce between individual and firm can be accomplish- 

ed by trade. Turvey (1963, p. 310) follows suit when he stipulates 

that "if the party imposing external diseconomies and the party suffering 

them are able and willing to negotiate to their mutual advantage, state 

intervention is unnecessary to secure optimum resource allocation." 

A more realistic viewpoint is provided by Pigou (1929, p. 192): "It 

is ... possible for the state, if it so chooses, to remove the divergence 

[of social and private costs] ... by 'extraordinary encouragements' or 

'extraordinary restraints' upon investments. The most obvious forms 

which these encouragements and restraints may assume are, of course, 

those of bounties and taxes." Samuelson (1965, p. 208) believes 

(in agreement with Pigou)that "... since each individual's action has 

effects on others which he does not take into account in making his 

decision, there is a prima facie case for [State] intervention. But 

this holds only for technological factors (smoke nuisance, etc.) ... ". 

We agree! What leverage can k or h exert to force g to the bargain- 

ing table. We see none. Litigation may he suggested but often the 

effects of an externality are spread so thinly over the population 

that it is practically infeasible for one individual to take such 

action. We will relent, however, and admit that "trading" is feasible, 
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but there is no reason for it being face -to -face as Buchanan and 

Stubblebine, and TUrvey imply. All trades could conceivably be under 

the control of Big Brother who could "deal" with g and, in turn, 

"deal" with k and h. 

As stated in the beginning, we have limited our investigations 

to the externalities of one firm g that are effected on another firm 

h or individual k. We can now generalize our findings to include 

intra -firm relations, firm- individual relations, and intra- individual 

relations. For intra- individual relations, we specify that individual 

x perpetrates an externality for individual k through his consumption 

of good n which is assumed to be unique to intra- individual commerce. 

The optimum tax -subvention system from the collective utility 

standpoint is provided whenever 
** 

** 

[11;1g pmk+Rmk) +E 1 ah 

+ ( ,R g °+H1 mg) 
dqmg 

+ B 

,¡ l 
*ix 

- pnk+ ñk) + la x p + NFT d4 > 0 

n x k x 
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where Q ** indicates equilibrium values with taxes imposed. We have 

added an additional subscript to the subvention payment B to indicate 

that the retribution is made for damages caused by firm g's use of the 

good m, and by individual x's use of the good n. 

Eq. 5.12 makes no allowances for the computational cost of 

each of its terms, i.e., the cost of quantification or information 

and the cost of administering the tax- subvention system. However we 

cannot go as far as Coase (1960, pp. 18 -44) when he fails to see that 

such measures like our tax -subvention system, "are desirable unless 

we assume that information and administration are both costless." 

Looking at the system of inequalities defined by 5.11 and 5.12, 

it is no wonder that Buchanan and Stubblebine, Davis and Whinston, 

and lùrvey have become similarly disturbed about the seemingly non - 

deterministic optimal production point of firm g and the tax he should 

pay to compensate for damages incurred by k and h. They have collective- 

ly failed to realize that the "ping-pong" effect is in reality, a simple 

control process, in which the tax obtained from g and paid to h and k 
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and the tax obtained from x and paid to k are the control parameters. 

By imposing the conditions for simultaneous individual and firm 

optima (Eqs. 4.27 and 4.29) the proper value of the tax may be found. 

Controlling Vertical Externalities: Discounting and Taxation 

In the previous section we were concerned with the control of 

horizontal externalities, that is, externalities that affect (usually 

in a detrimental fashion) the satisfaction of individuals or the 

revenue of firms. If these effects carry on into the future, we 

then have vertical externalities. As we stated previously, future 

alternative actions may not be available to an economic area simply 

because of policies that were implemented now. The policies that are 

of major concern to us are those involving the rates of resource use. 

Such policies are usually called conservation (Ciriacy -Wantrup, 1942, 

1952). 

Conservation involves a decision of the policy -maker with 

respect to the distribution of rates of resource use over time. The 

distribution is such that present as well as future generations are 

given equal consideration when deciding to whom and actually when 

resources should be allocated. This is usually done with discounting 

(see, for example, Falk, 1970), as follows. 

A price received for the sale of a good at future points in time 

has different values when it is viewed from the present. To illustrate 

this point, let V0 be the value arising at the present time and Vt 

he the value arising t years from now. If the consumption or sale of 

the good could be postponed for t years and the good value invested 
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at the rate of r (comno ended annually), the original sum Vp will 

have a value of V0(l +r)t after t years. To put V0 and Vt on an 

equal footing, `t must be equal to Vq(l +r)t. The present value of 

a good consumed (sold) in year t (PVGt) is defined as 

Tn 

pvrt 
= V t/ (1+r)t [5.13] 

The PVCt (present value of a future sale) is the amount that, if set 

aside now and invested at r %, would have returns equal to the value 

of the consumption in t years. Thus if more than Vt is alloted 

to the 
tth 

generation, the present generation will experience a 

vertical externality. If less than vi is alloted to the tth 

generation, the 
tth 

generation will experience a future vertical 

externality. 

Notice that in the above example, we have implicitly only 

considered those goods which have a monetary value. Consideration of 

goods such as the esthetic "value" of a mountain scene would not 

be so easy to handle. Although Weitzel' (1943, p. 342) was concerned 

with soil conservation, he provides an insight which may be appli- 

cable to this dilemma: "In order to properly orient the considera- 

tion of conservation in a practical sense, it is necessary to relate 

it to ... the amount of money that may he expended economically for 

achieving resource maintenance." 
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Hicks has an interesting definition of income which sounds 

a great deal like conservation. He says that "income may be defined 

as that production which will leave the resource in the same state of 

productivity at the end of any given period that characterized it 

at the beginning, assuming constant technology conditions (1939a, 

p. 176)." This is simply saying that conservation costs are those 

expenditures necessary to maintain a certain level of productivity. 

As the basis for incurring such conservation costs, there 

must be an objective or reason for delaying the consumption of the 

resources, the future value of which is at least as great as the 

immediate opportunity value plus the waiting costs of maintenance. 

This can be formulated by stating that such conservation costs are 

desirable if 

Vt > VQ + MCt, [5.14] 

where MCt denotes the maintenance costs for t years. Rearranging 

5.14 gives the upper limit on the amount of resource that should be 

used now, 

VO < Vt - MCt. [5.15] 

This says that the amount of V 
0 
used in excess of that specified 

by 5.15 would have appreciated in value more than the cost to maintain 

V0. However if strict inequality is maintained, the maintenance cost 

on that extra amount of V0 necessary to cause equality in 5.15 would 

be less than the amount it would appreciate in value in t years. Hence, 

we hereafter will write 5.15 as an equality. 
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In general, the present value of a stream of yearly values 

and maintenance costs is, 

T c-+ lr - ?C: 

' = PVG = G PV = G -\ t t 
0 

t=1 t t (l+r) t 
[5.16] 

because the net value (value minus costs) in year t is discounted up 

to and including year t; in other words, the equation treats costs 

as being on the last day of the year, so that annual discounting will 

understate the present value of future costs. In lieu of discrete 

annual discounting, continuous discounting might be used. If the 

interest is compounded n times ner year, we would have 
T 

VO = jt *t 

(l+r/n)nt 
t=1 

Then, if the interest is continually compounded, we have 

lim 
n-Ke 

V - 
t(C 

t t 

t =1 l +r /n)nt 

Hence e 
-rt 

would replace (l +r)-t as the appropriate discount factor 

and the definite integral would replace the summation sign, i.e., 

vd _ fTtMCt)etdt. [5.17] 

0 

Continuous discounting is more consistent with the view that output 

is a continuous flow over the course of the year. 
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Paving obtained the ideal distribution of resource use over 

time (Eq. 5.17) the problem now is that of how to control firms so 

that the distribution policy is followed. We propose a vertical 

externality tax, VETih, to correct vertical externalities. ! Tih 

denotes the tax imposed on firm h due to its use of natural resource 

i, such that future generations are given equal consideration with 

present generations as to the allocation of natural resources. The 

value of a resource is the amount of net revenue that can be obtained 

from its utilization (value -in -use). There is usually considered 

to be no cost to a firm in maintaining a natural resource (e.g., a 

copper ore body). Then the behavior we wish each firm h to adopt in 

utilizing any natural resource (or good) i is given by 

max J'hert dt 

0 

subject to fh = O. 

The necessary conditions for a discounted firm net revenue are now 

-rt-a 
a 
f ,,} =0. 

aih h aih 
[5.18] 

On comparing Eq. 4.13 with Eq. 5.18 we note a difference of 

(1 -e -rt) Ah f . We may therefore conclude that if a resource -use 
ih 

tax, in the amount 

1rl.Tih = (1-e-rt) ah Df [5.19] 
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were subtracted from the marginal value of product in Eq. 4.13, 

the effect would be to force each firm to follow the optimal policy 

indicated by Eq. 5.18. The net effect of the tax, VETih, therefore, 

is the removal of vertical externalities. 

In a similar fashion, we also impose a resource use tax on 

individuals to curb their contribution to vertical externalities. This 

would he of the form, 

VETik = (1- e -rt)Pi [5.20] 

It should be noted that if the social rate of discount (r) 

decreased, the vertical externality tax would, of course, decrease. 

But if the discount rate actually became negative (indicating that the 

rate of inflation is greater than the capital interest rate, at least 

for a certain natural resource), then subventions would be paid to 

individuals and firms rather than taxes being collected from them. 

At any rate, the accumulation of a State treasury fund from the collec- 

tion of taxes would precipitate questions concerning the future re- 

distribution of this State income. How are subventions to be made 

from this fund? Brown and McGuire (1967) suggest that these subventions 

could be used to cover the future capital outlays that firms will 

experience due to dwindled natural resource stocks. Alternatively, 

the subventions could be used as price subsidies for firms or simply 

incentives to abandon the use of one resource and adopt a substitute, 

i.e., a bribe. The latter approach would also be feasible for 

individual subventions. 
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The only reason for conserving certain natural resources is 

the fact that they are irreproducible or irreplaceable, and indis- 

pensable to human welfare in the future (esthetic values may be 

desirable, although not indispensible). These characteristics must 

supply the future value sufficiently to justify continuous investment, 

say, in water quality. 

Exploitation will and should occur when expected future values 

will not justify the costs of conservation. For example, let it 

be assumed that the future value of coal is very low owing to certain 

technological developments, such as the substitution of atomic fuels. 

In such cases, the existing supply of coal had better be consumed 

at present while it is of value rather than held until its value is 

neglible. 

On the other hand, the lack of sound resource -use policies 

will cause shifts in cost schedules toward the future. This may be 

manifested by the necessity to utilize ores of lover metal content, 

to drill water wells deeper and to pump from greater depth. 

Looking at Eq. 5.17 it is no wonder that conservation is not 

widespread in use. Notice that this equation implies certain knowledge 

of the value of the good and maintenance cost for the good at any point 

in time. The uncertainty and distrust of the future coupled with the 

finality of human death does not help to facilitate the imposition 

of conservation. 
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The only question we could consider now is given the fact 

that good values and maintenance costs at any time are known to the 

State (the State may be the only one able to finance the determination 

of such knowledge), how would it go about guaranteeing that conserva- 

tion is maintained. In this and the previous section, we have proposed 

taxes that are structured not only in space, but also in time (see 

Rothenberg, 1970, for a different approach to this problem). The 

purpose of these taxes, the horizontal externality tax (HET) and the 

vertical externality tax (VET) was the removal of externalities in 

the dimensions of space and time, respectively. We will collectively 

label such taxes as resource -use taxes or simply resource tax RTih 

R Tih = HET. + VETih , [5.21] 

and maintain cognizance of their two -dimensional characteristic. In 

the next and final section we discuss an example of how the resource - 

use tax can he used. 

The Effect of Resource -Use Tax on Externalities 

A resource -use tax seems to have been discussed only in the 

context of groundwater resources (Fisher, 1958). There, the traditional 

problem is the groundwater "pooling effect" where the increased pump- 

ing of one resource user lowers the groundwater level and thereby 

increases the Humping costs for everyone, including himself. This pro- 

blem is classified as a divergence of private and social costs where 

social costs are greater (Pigou, 1929, p. 192). The classical solution 
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to correct this divergence has been the resource -use tax. To illustrate 

the nature of the "use tax" we shall refer to Figs. 5 -2 and 5 -3. 

Fig. 5 -2 denotes the procedure when the possibility bf resource im- 

portation exists and Fig. 5 -3 denotes the procedure when it does not 

exist. 

The marginal private cost (MPC) is just the cost of resource 

use by individual consumer. The marginal social cost (MSC) measures 

the losses in productivity to the community at large because of pri- 

vate resource consumption. In addition, the marginal social cost 

should include an estimate of the present values of future incomes 

sacrificed if resource importation is not possible. If private 

consumption were not controlled, the quantity 00 would be used because 

the marginal private cost equals the price of the imported supply, 

MCI. In the case of water resources, an imported supply could mean 

treated sewage effluent or water from the Central Arizona Project 

(CAP), but in the case of copper ore resource, importation would be 

meaningless and the optimum use would he Q4 in Fig. 5 -3, denoting 

the equality of marginal private costs with the marginal value of 

product, WV, i.e., the demand curve. From the collective utility 

standpoint, the cheapest source of water should. be priced so that 

it is greater than or equal to the marginal social costs. 

Then it is clear that the optimum output (from the collective 

utility standpoint) would be 01 with importation possibility (Qi with- 

out importation possibility) and that the "use" tax should be AB 
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(A'B' without importation possibility) in order to make the price 

of the resource equal to OA (OA'). Accordingly, the marginal private 

costs and the marginal social costs of the resource would each be 

forced into equality with the marginal social cost of the imported 

supply. Under competitive exploitation the use would be larger than 

optimum, 0 
0 

(Q1), and would tend to be priced only at OA (OAS'). If 

the price of the supplemental supply rises to MCI , the additional 

charge CD would satisfy the efficiency requirement and 0 
2 
would be the 

optimum usage. 

It may be noted that the total tax revenue collected by the 

State would be ABA0B0 (A'B'A'B') while the total social costs would 

only be FA0B0 (FA6B6) if a per unit tax of AB (A'B') is levied. It is 

clear that the excess of tax revenue above the total social costs, 

ABA.B0 - FA0B0 (A'B'A6B6 - FA6B6), would involve a transfer of economic 

rent from the private users to the State. If this is thought unde- 

sirable, it might be possible for the State to return tax proceeds in 

excess of FA0B0 (FA LB') to the users in the form of subsidies not 

related to the vmount of resource utilized. Alternately, it could 

be distributed to individuals who are victims of technological 

externalities caused by resource utilization, or used for resource 

development (new import source). Then the excess taxes would be used 

for compensation payments, as discussed earlier. 
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Actually, the optimum tax structure does not appear to he 

the levy of a fixed tax per unit but a series of graduated taxes 

designed to make the total tax revenue equal to the total social cost, 

given we know the total social cost. A tax of AB (A'B') would be 

levied only on the marginal unit while the infra -marginal units would 

he taxed at rates necessary to make private costs equal social costs. 

In this case economic rent in excess of the social costs would remain 

with the consumers (i.e., there would be no excess). For administra- 

tive feasibility a series of block tax rates could be devised as a 

practical substitute for collecting the exact difference between mar- 

ginal social and marginal private costs on every unit of output. 

Use -taxes places the government in the position of a "sole 

owner ". The State, by levying a tax, is actually selling rights to 

use or exploit the resource. In effect the management of the resource 

is transferred to the State. 'Au& depends upon whether there is sub- 

stantial legal basis upon which to base a use -tax process. In Arizona 

for the case of water and mineral rights, this basis has been in the 

form of franchises, purchases of rights, and fees levied by the state 

(Water Code of the State of Arizona, 1943; Land Code of the State 

of Arizona, 1936, 1943; Mining Lary of the Territory of Arizona, 1864, 

1901; and Arizona Revised Statutes, 1956). This will be taken up in 

greater detail in Chapter 7. 
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An additional feature of the use -tax method is that it would 

be very easy to establish a system under which consumptive-use pricing 

of resources could be followed. That is to say, rebates could be 

instituted for resources not "used up" in the productive process. Re- 

bates could also be devised which would vary with the degree of exter- 

nalities produced by resource consumption. Such incentives would go 

far in encouraging industry to conserve in its use of resources and 

help prevent serious pollution problems. 

It will be noticed that the use -tax solution, as set forth 

above, has not dealt effectively with the problem of the proper scale 

of operation in use of resource use. It may be the case with a ground- 

water supply that the same amount of water, e.g., the "safe yield" 

of the basin system, could he Humped cheaper or with less equipment 

if the operation of the wells was centralized and not left in 

individual hands. The location of the well, and the type and size of 

the pump, all may be important in determining the optimum or least 

cost scale of pumping. 

If we rely on the use -tax method in which the State is, in 

effect, the "sole owner," the best course of action is to take advan- 

tage of economies of size. The State could either buy out and take over 

all wells and run them as a "sole operator," or, alternatively the 

public authorities could decide on the proper number and location 

of wells and license private owners to construct and operate them. 
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Although we have specified one measure, the use -tax, 

to correct a misallocation of resources, Kneese (1966, pp. 29 -30) 

suggests three. One is for the firm that generates the effect to 

reach agreement with the recipient on the acceptable level of the 

effect. This type of negotiation has been suggested by Buchanan 

and Stubblehine (1962) and Turvey (1963). This agreement could be 

augmented with a payment (compensation) from one to the other. 

A second method is to "internalize" the effect so that the 

same economic area both generates and receives it. This will insure 

that output decisions will take into account the costs or benefits 

associated with the effect. Taxing of the effect, (e.g., the 

resource -use tax we have proposed), falls into this category. 

A third method is to regulate the allocation of production 

directly. This could be accomplished by government operation of 

the activity that produces the effect - nationalize it. 

The last two steps implies the existence of the State. 

In enforcing such policies, it must undertake the role of a policing 

function. Taylor (1969, p. 1185) recognizes operational difficulties 

with this and indicates that "If regulations and police power are to 

be employed, the regulations must be reasonable, equitable, effec- 

tive, enforceable, widely understood, and reasonable 'popular'." 
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Having treated the important aspects of externalities and 

discussed techniques for controlling their effects, we are now ready 

to integrate this with our collective utility calculús to formulate 

a theory of optimal resource utilization. This will be the subject 

of our next chapter. 



CHAPTER 6 

OPTIMAL POLICY FOR RESOURCE UTILIZATION 

With the development of the collective utility calculus, and 

a technique to control the effects of horizontal and vertical exter- 

nalities, we have accumulated sufficient technology to formulate a 

policy of optimal resource -use over time - the goal of this chapter. 

Accordingly, we will demonstrate how the theory developed thus far 

can be systematically coordinated to form this policy for the optimum 

distribution of rates of resource use over time. By optimum, it is 

meant that the policy seeks to maximize the change in collective utility. 

It is expected that the collective utility will vary over time and thus 

the policy seeks to determine those rates of resource allocation 

which will affect the greatest increase in collective utility over a 

finite time horizon. 

Problems of this type - determination of an optimum control 

policy over time - are best treated within the context of optimal 

control theory. Optimal control theory may be viewed essentially as 

an extension of the canonical form of the Euler equations used in the 

classical calculus of variations. Similar uses of optimal control theory 

and /or calculus of variations can be found in Hotelling (1931, 1938), 
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Cummings (1969), Dobell and Ho (1967) and Brown and McGuire (1967). 

(See Dorfman, 1969, for an excellent economic interpretation of 

optimum control theory). 

Before we develop a control policy, the simplified assumptions 

of firm behavior made in chapter four will have to be modified. In 

conjunction with this, we will distinguish the two types of resources; 

replenishable and non -replenishable resources. This will be the subject 

of the first section. 

The Dynamics of Resource Utilization 

This section attempts to provide a unified theory of production 

from natural resources. A single model of an industry is used to describe 

a dynamic process of recovery from groundwater and copper mining. Re- 

covery from each of these resources is seen as a special case of a gen- 

eral model, depending upon whether or not production exhibits signifi- 

cant externalities. 

The economy of man consumes two fundamental kinds of naturally 

occurring resources, replenishable resources such as groundwater in an 

aquifer, and nonreplenishable resources such as a copper ore body. The 

second category is often called "exhaustible resources," which is some- 

thing of a misnomer since both types of resources are capable of at 

least "economic exhaustion." This particular dichotomy is important, 

analytically in that the first category of resources is capable of 

regeneration, while the second represents a fixed stock whose inventory 

can only be diminished over time. 
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For purposes of analysis, one of the most important techno- 

logical features of a replenishable commercial resource is its law 

of growth, replenishment, or yield. Unlike most other resources 

(e.g., a given species of wildlife) whose rate of growth must generally 

be considered to be stochastic, the rate of growth of a groundwater 

supply in a unit time interval can be approximated by a constant value, 

that value being the annual aquifer recharge rate. Paralleling Smith 

(1968), Gordon (1967) Cummings (1969), and Hotelling (1931), we begin 

by defining the flux of resource i by 

QiR a Ki 
[6.1] 

We will assume that recovery from a given resource is effected by H 

firms, each consuming resource i at some rate, Qih, which is peculiar 

to each firm. The total industry consumption is 2:01h where the 

h 
Q1h's are, in general, time varying. In addition, total resource 

extraction is physically limited by the flux function. Hence, the 

required technological restrictions may be written 

QiR - Ki 1:Qih' 
h 

f(i - Qih)dt < QOR 
[6.2] 

0 

where QiR = Q1R(0), the initial resource stock. Under our assumptions, 

the magnitude of Qih is indicative of the real capital stock invested 

by a firm. 
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Turning now to non -replenishable resources such as copper ore 

bodies, we note that these form a simple special case of 6.2 in which 

= 0, i.e., regeneration is assumed to he impossible, so that the Ki 

fixed stock declines at a time rate equal to aggregate industry consump- 

tion. 

The cost structure of the recovery process varies widely among 

the major natural resources. Recovery cost in groundwater, for example 

can be uniquely influenced by the "common property" characteristic. 

Such resources may therefore be shared by many private firms (see 

Dupnick and Duckstein, 1971a, 1971b). An important consequence of this 

is that there may be direct and very significant external diseconomies 

(economies are extremely rare) in production, with an attending diver- 

gence of private and social costs. We could instead assume, as Brown 

and McGuire (1967) have done, that such "spillover costs" do not exist, 

i.e., a common groundwater pool does not exist. This is the case 

where an aquifer has a low specific yield. Accordingly, they hypothe- 

size that the only effect of an individual's pumping is to lower the 

drawdown immediately surrounding the well, so that all potential spill- 

over costs are internalized. With this hypothesis, the analysis for 

a replenishable resource would follow that for a non- replenishable re- 

source. However, for the sake of generality and contrast, we will 

assume that a common groundwater pool exists. 
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The most natural general hypothesis about total net revenue 

(profit) for the individual firm requires it to be a function not 

only of the N goods previously discussed, but in addition, an increasing 

function of resource availability, i.e., 

with 

Rh = Rh(Qlh' Q2h'" " QNh' cih 
Út 

QiRdt) 

kR' 
0 

[6.3] 

where cih denotes the percentage of resource i owned by firm h. If 

we assume a common groundwater pool, cih = 1,Y-h. Thus each pumper 

"acts" as if he owned all the water, for he has access to the common 

groundwater pool. But in copper mining this is not so. 

Subsequently, we will see that Qih is a function of 
t 

QiRdt 
0 

hence we will rewrite 6.3 in the usual fashion, 

Rh ' Rh(Qlh' Q2h'..., QNh) ' [6.4] 

as we have seen previously. 

It is assumed that each firm perceives his profit to vary with 

its output as well as the output of others (which includes the general 

case of externalities). In particular, the resource price, (pih 
+ RTih) 

is perceived as variable, since it now depends on the type and quantity 
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of externalities produced by firm h. RTih is the resource -use tax 

imposed by the State on firm h for consuming resource i (as we discussed 

in the previous chapter), which, directly or indirectly, results in 

an externality. 

Some modification of the equilibrium conditions (Pis. 4.13 

and 5.18) must be specified in certain resource utilization (e.g., 

copper mining and crude oil). In primary producing fields all crude 

oil is produced at the surface of a well by the action of one or 

more naturally occurring underground drives or pressures from edge water 

encroachment, a gas cap, or gas dissolved in the crude (Pirson, 1958, 

pp. 391 -393). Both the rate of recovery and the cumulative recovery 

reduces the pressure level. Similarly, in the mining industry, this 

effect may be caused by the firm turning to lower grade ores or deeper 

or more distant deposits. Deterioration in demand may occur because 

of competition from scrap (Gordon, 1967, pp. 278). In general, this 

fact is simply a manifestation of the law of diminishing returns 

(Cunnings, 1969, p. 263). So the consumption rate Qih can be regarded 

as a diminishing function of aggregate cumulative consumption, 

It Qigdt, and a decreasing function of resource consumption, or 
0 

Qih< Mih(fot Qigdt , ót QiRdt) , 

á ih > 
O. 

iR 
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The inequality in [6.5] stems from the fact that resource extraction 

rates greater than the function r1ih are economically unsound. Since 

from [6.2] we have 

we also have 

QiR = 
Ki 

Qih' 

t t 
j)1pdt - Kit , Qihdt 
p 

Hence [6.5] can be written as 

O < ih- 
with 

(o nig t) , 
[6.6] 

aQih < 0 
(ft 

g 
Q. dt) 

n 

If we make the assumption that the extraction of natural resource by 

one firm does not affect another firm's extraction rate, [6.6] may 

be simplified to 

with 

Qih < Mlh (jtQihdt) , 

0 

aQih < 

a ( ft 
0 

Qihhdt) 
0 

[6.7] 
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Eq. 6.7 is applicable in the case of copper mining resources or ground- 

water supplies which are not contained in a common pool. 

Finally, new capital is assumed to be attracted into the firm 

when Rh _> 0, while producing capital is driven out of the firm when 

N< O. Specifically, it is supposed that this flow of capital is 

proportional to the expectation of net revenue, or 

Qih = d.P [6.8] 

where di >0 is a behavioral constant for the industry. However, this 

assumes capital to be equally mobile out as well as into an industry 

i.e., there is no problem of irreversibility. ?,bre generally, we should 

write 

d1iRh if 
Rh`> 0 [6.9] 

Qih 62iR if Rh< 0 

It may be argued that d2i should be set equal to zero, in the case of 

copper mines, for which capital cannot be recovered once removal of 

overburden has begun, or in the case of agriculture, for water wells 

which have been drilled. It also may be argued that a liquidation of the 

these assets may somehow be possible. 

In general, we may rewrite the equilibrium conditions for a 

firm given by Eqs. 4.13 and 5.18 by first noting that we wish to 

subject to 

T T 

maximize Jetdt = j'E nihQihe-rtdt 

0 0 

f.h = 0, [6.10] 
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and 

Qih < Mih( Qidt). 

If we use the Lagrange multipliers Ah and 
cih 

for the two constraints 

we obtain the following necessary conditions for a maximum firm revenue: 

Plhe-rt - ah 
af 

- Xihl- 
am. 

= 0, 
ih ih 

fh = 0, 

Qih Mih 

[6.11] 

If we modified the vertical externality tax developed in chapter five 

(Eq. 5.19) to include the constraint Qih ; Mil, it would appear as 

VETih (1 -e -rt) [Ah d ih + £ih(l- gih)] . [6.12] 
ih 

Since we know from Eq. 5.21, 

RTih = VET 
ih 

+ HETih , 

where HETih is the horizontal externality tax developed in chapter 

five, we may rewrite the necessary conditions for a maximum firm net 

revenue as 

Pih + RTih - Ah - Eih 
1 

1- atihi a 0, 
aQih 

ani 

fh = 
' 

Qih Mih' 

[6.13] 



or 

pih 
+ tlETih - e-rt 

[ 
ah ei 

L Qih 

f.h = , 

Qih 
< 

ih 

LV,] o 
aQih 

[6.14] 
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The definition of HETih can be obtained from Eq. 5.8. 

Strictly speaking, an inequality constraint (e.g., Q1h<_r4ih) 

cannot be used with Lagrange multipliers unless a slack variable is 

introduced. However, the reader familiar with Lagrangian and Kuhn - 

Tucker techniques will recognize that eih is a "shadow price" and may 

be positive only if strict equality holds (if strict inequality holds, 

it is zero). As such, we are able to impose inequality constraints 

without adding slack variables. 

As yet, the system of equations defined by 6.13 cannot be solved 

by the firm because the RTih's have not been established by the State. 

The State will not set the consumption charges until it evaluates the 

externalities caused by the firm's production level. But the firm 

will not know at what level to produce until total price schedules 

are known. The simultaneous solution of this problem will be covered in 

the next section. 

We have now completed all of the prerequisite components of our 

optimal policy for resource utilization. These components will now be 

integrated. 
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Formulation of an Optimal Policy of Resource Utilization 

As was stated at the beginning of the chapter, the policy 

we seek will be obtained by using optimal control theory. This policy 

will be used to control the rate or resource utilization so that the 

change in collective utility, 

dU = 1][U'id0ik 
+EpihdOihI 

is maximized over the time horizon. But we see that the dimension of 

time does not explicitly appear. 

It was stated in chapter four that each Q indicated a flux, 

a flow of goods over time. In doing so, we have assumed what is cer- 

tainly intuitive, that Q is ultimately a function of time. The same 

reasoning holds true for the collective utility function, U. This it 

is natural (and more "complete ") to write 

dU 
and 

dO at at 

instead of dU and dQ, respectively. Then we could write a change in 

collective utility as 

E [E pinik + E pihQih I 
i k 

Eq. 6.15 assumes that U and n are continuous functions of time. Since 

[6.15] 

we have hypothesized that a set of O's exist for any set of p's, this 

continuity assumption is justified. 
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Then according to all the concerts we have developed in this report, 

we may say that the policy developed by Big Brother seeks to maximize 

or maximize 

T 

Jûdt, 
o 

[E9i (5ik + E pihÓih] dt 

subject to five sets of conditions: 1) the flux equation or material 

balance equation for each good i (Eq. 4.18), 

EQ1k + QiE QiP = E Qih Q1 

2) the necessary conditions for an individual k's satisfaction func- 

tion tube maximum with externality taxes imposed (Eq. 4.27), 

aS 1 

aQijk 

= - RTik 

2.'2k k = p - RT 
k 

aGS vk 
as 1 

0 

;ISwkk 

rk E[pikQik + (1- ti)picikoiRJ + Ehkh Rh Bk - 
T A 

3) the necessary conditions for a firm h revenue maximization with 

externality taxes imposed (Eq. 4.28), 

2Eh = a 2fh - RTih , 

aQih h aQih 
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= a 
a 

- RT , 

aGSvh h aGSvh 
vh 

= 0, 

alswh 

fh(Qih,GSvh,ISwh) = 0 

'O1. 11 
< ?` ih (ft/ Qigdt) ; 

4) the necessary conditions for an optimum tax - subvention system from 

the collective utility standpoint (Eq. 5.11), 
** 

** 

-Pmk+ Bulk) 1 - )h . mh 
g g 

- ag 2fg + H mg)]do mg 
Qing 

/ra. 1 +I as 

x nx aQak nk n 

] 
t "Rix x 

with (Eq. 5.12) 

1: Bmk + E Bmh ` 
-EfE mg 

Pa - -NET7,lx 

Bmk= -( 

Bmh= -( 

Bnk -( 

1 

pmk) 

- h 

-Pnk) 

pnx+ 
HFrnx)] dQnx 0, 
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where g is the firm causing an externality for firm h and individual k 

through the consumption of a good m which is at least partially under 

the control of g, and x is the individual causing an externality for 

individual k through the consumption of a good n (the "k" subscript 

is retained to the prices to denote that each k may cope with exter- 

nalities in a different manner); Q ** indicates equilibrium values 

with taxes imposed; from Eq. 6.12 

11R 

ih = (1- e- rt)Lxh 
- 

+ Eih (1- a h),, 
aQih aQih 

and from Eq. 5.20 

VFTik = (1- e 
-rt)pi 

and last, 5) the conditions commensurate with the existence of. the 

State, (Eqs. 4.22 and 4.23), 

f (O. , G S , , IS ) = 0, 
?iv v v wv 

w(Qiur, 
GSvw, IS,) = 0, 

with 

Th 
+17:,Tk 

+pTk +PT}i PhSNh +ciS(1-ti )piQiR + ; 

- 
Et.p.c. 

- 
Et.r.g. 

< 
EBh +Bk -Ep.Q. -Ep.Q. , 

i v l 
iv 

i w l 
iT 

h k i vlv i w 
iw 

, 
i,w 

Bk 

iik 

Bh 
_ 
aih 
i 

RTh 
= aTih 

PT =EPT. 
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We can quickly visualize the immense complexity of the optimal 

control problem represented by the above policy. The necessary conditions 

for the maximization of an integral subject to constraints are given 

by risgol.c, (1962). We only wish to point up the types of variables 

and relationships that Big Brother must consider if an optimum stream 

of collectivity utility is to be realized through the use of natural 

resources. 

Since the imposition of resource use tax brings up the question 

concerning the right of the State to levy such taxes, we should now 

devote some discussion to the matter of consumer rights of resource use. 

What is done must be within the framework of the law, which may affect 

matters in a multiplicity of ways, e.g., rights of access, time needed 

for public agencies and so on. This is the subject of the next chapter. 



c HAPTER 7 

CONSUMER RIGPTS OF RESOURCE USE 

The various frameworks of individual resource use- rights form 

'safeguards against physical uncertainty of the future. These safe - 

guards may hamper construction and coordination of the effective manage- 

ment of natural resource use. Individuals and groups who 'have" 

greater security may be reluctant to join those who "have not" if a 

portion of the costs of reducing physical uncertainty is incident 

of the former. 

The approach we have taken to this problem is the one stemming 

from the collective utility viewpoint - the presence of the State, 

the name we have given to a function of Big Brother. Its name is 

fictitious, but its function is real indeed. As we stated in previous 

chapters, the State is the collective utility's device through which 

resource rights are acquired, or which acts as an agent in utilizing 

them, for coordinated management of natural resources. 

Water Law 

In general, water law in the United States falls into either 

of two classifications. The eastern states have traditionally adhered 

to the riparian doctrine of water law; the western states, the 
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doctrine of appropriation. Recause the two doctrines overlap, the 

discussion in this section is limited to brief generalizations about 

existing laws. The State of Arizona upholds the doctrine of appropria- 

tion which allows us to cite particular applications of this doctrine. 

Piparian Doctrine 

Under the riparian doctrine the use of stream water is restricted 

to the owners of land contiguous, or riparian, to the stream. (States 

that hold to the riparian doctrine for surface waters extend it also 

to groundwater). The right of a riparian owner to use the water is 

said to arise from ownership of the land. He may divert water from 

the stream for use only on his riparian land. (A riparian tract of land 

must, by definition, be contiguous to a stream at some point). The 

amount of water he may use and the purpose for which he may use it 

are not subject to exact determination. Some courts have at time 

enforced a "natural flow" use which permits each riparian to divert 

water to the extent of his domestic needs and which allows him to demand 

that the natural flow of the stream reach his land materially unaltered 

except for the domestic uses of upper riparians. In the extreme, then, 

there would be no consumptive use of water. Water would be returned to 

its original course by all users until it flowed into the ocean (Falk, 

1970, p. 10; Fisher, 1958, p. 535). 
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Most important non -domestic uses have some material effect 

upon the quantity or quality of the flow, however, and most courts 

have rejected this essentially non -utilitarian rule in favor of the 

"reasonable use" rule. Under this latter rule each riparian may use 

water to the extent of his domestic needs and then, subject to the 

domestic needs of other riparians, may use water for such other purposes 

and such amounts as is reasonable in the light of all surrounding cir- 

cumstances; the natural flow of the stream need not necessarily he 

preserved. This right of reasonable use for non -domestic purposes is 

limited by the similar right of all other riparians along the stream. 

Priority of use by one rinarian is either immaterial or only one factor 

to he weighed in judging the reasonableness of his use. The nonuse 

of water by a riparian does not result in loss of his right unless 

coupled with another's adverse use for the prescriptive period. 

The reasonableness of a particular use is determined when, and only 

when, a court is called upon to weigh the relative reasonableness of 

conflicting uses and to limit each accordingly. 

Although the state of Arizona has repudiated the riparian 

doctrine (Water code of the State of Arizona, 1943, . p. 10), nine of the 

17 western states have not (Hirshleifer, Dehaven, and rilliman, 1960, 

p. 233). The remaining western states use some integrated composite 

of riparian and appropriation doctrine. 
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Appropriation Doctrine 

An appropriation right arises from the application of previously 

unappropriated water to a beneficial use, not from the ownership of 

a particular piece of land (Water Code of the State of Arizona, 1943, 

p. G). Beneficial use is as necessary to maintain the right as to 

create it, and nonuse of water theoretically must result in a declara- 

tion of its abandonment or forfeiture. The right may also be lost 

by prescription. 

The distinguishing element of an appropriation right is the 

priority whereby its relation to other appropriation rights is deter- 

mined. It may be stated simply as "first in time, first in right" 

(Falk, 1970, p. 10). Under modern procedures for the acquisition of 

rights, the priority of a right attaches as of the date of filing an 

application to a state agency for an appropriation permit, provided the 

application is approved and the proposed use is begun with diligence 

(i.e., a considerable amount of time and money must be expended in 

the construction of a project looking toward the use of particular 

unappropriated water). Priorities are based solely on this factor of 

time and are not affected by such other factors as the purpose, place, 

or the amount of use (Water Code of the State of Arizona, 1943, p. 15). 

Under an appropriation right, water may be diverted for use on 

any land, regardless of its riparian or nonriparian character. The right 

entitles its holder to continue forever to divert water at the same point 
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for use at the sare place, for the same purpose, and at the same time 

of the year as the use that gave rise to the right. The priority and 

amount of an appropriation right cannot be increased by the appro- 

priator, but he may change the point of diversion or the place or pur- 

pose of use if the rights of others are not thereby impaired. 

This is the basis for the court suit between the farmers and 

the copper miners of the Sahuarita -Continental Area we spoke about in 

chapter one (see also, Donahue, 1969). The mines have acquired lands 

that were once used for farming and are supposedly consuming less 

water from that land. than was needed to support former crops. The 

farmers contend that excessive pumping by the mines have drastically 

lowered the groundwater table. 

Appropriation rights can be modified by submitting a formal 

application to a state agency. After a hearing at which interested 

parties may object to the proposed modifications, the agency may 

reject the application or approve it in whole or in part. If the 

application is rejected, the applicant is prohibited from using 

or claiming any right to use water unless he secures a reversal of the 

agency's order. Such a situation -cycle lias just been completed in 

Tucson. 

In 1969, the city of Tucson was forced to shut down its X3.S 

million water supply operation from Avra Valley, an area west of the 

city, because the Arizona Supreme Court ruled that water could be 

pumped only from farmland the city owned. The issue of water rights 
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being separate from title to land was complicated in this situation 

because the area under consideration is one of the critical groundwater 

areas of Arizona. Basically this means that, because of the relative 

scarcity or depth of water in the area, state regulatory policies are 

effected to control the extraction of groundwater. In this particular 

case, the City of Tucson had to demonstrate that it was pumping no 

more water than was formerly used to support growing crops on the land. 

However, the land now lies fallow and all legal requirements will be 

met as soon as the city receives title to the 322 acre farm purchased in 

March of this year. 

Mineral Resource Law 

Utilization of mineral resources in the United States falls 

under a composite of the Mining Laws of 1866 and 1872 (Ely, 1964, 

pp. 98 -99). 

Mining Law of 1866 

Prompted mainly by the unauthorized extraction of minerals 

from the public domain (in California) which was governed by only 

de facto, local customs and regulations and state legislation of un- 

certain effect, Congress enacted the Act of 1866. This first general 

United States mining act confirmed the existing fait accompli in 

setting a definite policy for the free and open development of mineral 

lands, which jettisoned the idea of exacting royalties on the products 

of the mines. 
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Yining haw of 1872 

Experience gained under the Act of 1866 led to certain changes 

incorporated into the Act of 1872. This act deals with the patenting 

of both lode and placer mining claims. (Minerals may be discovered in 

veins or "lodes" or found loose in beds of gravel or dirt, termed 

"placer" discoveries.) It has remained to this date, for almost a 

century, the basic law governing acquisition and maintenance of title 

to mining claims for metalliferous minerals, including uranium on the 

public domain. It recognized local and state laws, but only to the 

extent that they do not conflict with the provisions of the superior 

federal law. 

In summary, the Acts of 1866 and 1872 provided for the free and 

open exploration and location of the public domain with the issuance 

of a final title by patent from the Federal Government upon the single 

purchase payment of either $2.50 or $5.00 per acre, regardless of the 

mineral value of the lands or their productivity. The lands thereupon 

passed from federal control with no provision for any royalty interest. 

But federal leasing acts in the early 1900's ended this dual policy 

of (1) no royalties and (2) issuance of patents passing full title 

and control, with respect to certain designated nonmetallic minerals 

(Ely, 1964, p. 102) . 
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Arizona Mining Law 

Arizona mining law is also loosely structured and provides 

no direct control on the extraction of mineral resources. The only 

substantial regulations deal with damages caused by mine drainage 

water, or the prevention of hazardous dust and gas conditions in mine 

shafts (Mining Law of the Territory of Arizona, 1864, 1901; Arizona 

Revised Statues, 1956). A copper mining company, for example, rarely 

owns the land containing the copper ore body. Instead the land is 

usually leased on a long -term basis and neither the lessor nor the 

1872 Mining Law (the State) stipulates how the land shall be managed. 

For example, in Arizona, much of the copper -ore bodies lie within the 

boundaries of Indian reservations. Since 1891, Indian lands have been 

subjected to mineral leasing under special acts of Congress. Un- 

allocated tribal lands may, with the approval of the Secretary of the 

Interior, be leased for mining oil and gas purposes, by authority of 

the tribal council, for ten -year periods and as long thereafter as 

minerals are produced in paying quantities (Ely, 1964, p. 94). 

In general, the land owner, as the sole owner of the resource 

is not concerned with externalities generated by mining, and accordingly 

the courts rarely have legal cause for determining the "reasonability" 

of the exploitation of an orebody by its owner, or by his agent, the 

mining company. 
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Transfer of Water Resource Rights 

Hirshleifer, Dehaven, and "dilliman (1960, pp. 239 -242) state 

that, in general, water rights cannot be transferred from one person 

to another. Riparian doctrine holds that a landowner has the right 

to use water bordering or coursing his land, but he cannot use the water 

on non -riparian land or sell it to other owners. Appropriative law, 

more flexible, allows water to be used on non - riparian land. Some 

states allow for transfer of water rights from one user to another. 

Arizona maintains that appropriative water rights may be sold and become 

appurtenant to other land (Water Code of the State of Arizona, 1943). 

Other states do not allow the sale or exchange or rights and even pro- 

hibit transferring of water from the use for which it was originally 

appropriated. 

In summary, Ciriacy- Wantrup (1952, pp. 304 -306) states 

that water rights, like other property rights, can be transferred in 

various ways. Voluntary transfers of water rights is executed through 

buying and selling - with land if they are "appurtenant" or without 

land if they are not - is not uncommon. 

Involuntary transfer may, first of all, be accomplished through 

condemnation for public use. This process is accompanied by compensa- 

tion to the former owner for his loss. 

Second, involuntary transfer can be accomplished through pre- 

scription. This process of transfer does not involve compensation. 
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Openly adverse use, the usual condition for prescription, is more likely 

to be tolerated for a given period of time in the case of downstream 

riparian rights and correlative rights than in the case of appropriative 

rights. 

Ahandonment and forfeiture of water rights - operating only 

under appropriation - may also be regarded as processes of transfer. 

Their present overall significance for flexibility of water rights 

is minor. However, through defining conditions of forfeiture - for 

example, through legislative, judicial, and executive defining and 

redefining of "beneficial" use - the economic significance of this 

process could be increased. 

Transfer of Mineral Resource Rights 

Transfers of mineral resources suffer no restrictions on 

movement as in the case of water rights. mining companies contract 

a lease with the resource owner, for the purpose of explorations of 

the ore body to determine if a mining operation is economically fea- 

sible. If the mining company does not exercise an option to contract 

a long -term lease for purposes of mineral extraction, the land owner 

is free to offer his goods to another prospective client. It has 

been the case that the right to an orebody has been leased to several . 

different companies in sequence. This is primarily due to changes in 

technology providing a money -making operation from ore that was pre- 

viously considered worthless. This does, however, point to the flexi- 

bility in transferring mineral rights. 
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Involuntary transfer of mineral rights by condemnation, does 

not seem likely, except on a national level. This would not be within 

the jurisdiction of the State, as we have defined it. This does 

not prohibit us from redefining the State so as to subsume this situation. 

Transfer of mineral rights through prescription due to "adverse 

use" seems extremely unlikely for lack of evaluating criteria. However, 

the collective utility concept in conjunction with the calculus of 

externalities could provide such a criteria. 

Abandonment of mineral rights has no practical basis. As in 

the case of water rights, only through a serious redefinition of bene- 

ficial use, one which takes account of the collective utility, especially 

externalities, could this method of transfer hope to take on any 

significance. 

Feasibility of a Resource -Use Tax 

The laws concerning consumer rights to water use and the 

function of the State in ajudicating water rights, are sufficiently 

well- defined and understood to facilitate implementation of a 

resource -use tax to control horizontal and vertical externalities. 

All state agencies have, at their disposal the legal framework necessary 

to extract fees for water right applications. These fees are very 

nominal and usually do not affect the behavior of a water consumer. 

However, the legal Potential for revamping the fee schedule to insure 

a more compatible relationship with anticipated (or actual) externalities. 

caused by the water consumer, should he recognized and utilized whenever 
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necessary. This legal potential is enhanced because of a decided trend 

toward public ownership and public administration control of water 

production and allocation, with less private ownership and its accompany- 

ing tradeable rights (Falk, 1970, pp. 12 -14). In the West, state owner- 

ship and control of water resources - a trend which has arisen only 

recently in the Fast - has been accepted for some time. In 17 western 

states, laws have declared water to be the property of the state or its 

people (fiirshleifer, Dehaven, and Millman, 1960, p. 248). This attitude 

facilitates the formation of State agencies and other other institutional 

arrangements for coordinated water management. 

Although a similar fee schedule exists for filing mineral 

rights, the role of the State in managing mineral resource use is 

much less defined than in the case of water rights. Consequently, 

the State lias little control on the extraction of such minerals. However, 

a bill (HR 6253) has been introduced in The House of Representatives 

in March of this year to provide such control. 

It specifies that the mining companies would have to bid for 

the mineral rights on federal land open to mineral exploration and ex- 

ploitation, with the proceeds going to the federal government. A 

mining company could either pay the government cash for exclusive 

exploration rights or offer a percentage of the profits, with the 

Department of Interior deciding which route to follow in each case. 



119 

Once a discovery is made the miner would have first option on a 

production lease under which he would agree to pay the government 5 

percent of the gross earnings (to be waived if the mining operation 

could not operate profitably) plus a permit fee of $5.00 per acre 

per year for use of the land (Tucson Daily Citizen, 1971a). The 

permit fee here is probably the key to an effective control on 

resource extraction. 

No comparable shift from private to public ownership is seen 

for mineral resources. The most likely course of action for the 

State to take is to join the queue of mining companies and purchase 

the land outright, when it is "waited upon," provided this is demon- 

strated to be desirable by economic analysis and politics and the time 

of service. Since a change in technology usually signals that a new 

customer is being serviced, the State must ensure its ultimate owner- 

ship, even at the price of purchasing the "potential rights" of all 

customers ahead of it. 
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PROBLEM AREAS MI THE OPTIMAL POLICY OF RESOURCE UTILIZATION 

The cost of errors in decision making is measured by loss of 

profits in future periods beyond the decision planning time horizon. 

This loss can be minimized by selecting a planning period of sufficient 

length so that unsound initial decisions, which take into consideration 

subsequent decisions, do not affect the system's total performance 

significantly. Cost models that are used for decision -making purposes 

ought to include the error costs resulting from inaccurate estimates 

and forecasts. These error costs cannot be ignored, as the effect 

of overestimating and underestimating model parameters is not the same. 

On the other hand, lost opportunity costs can often result 

from too conservative a decision which could be attributed to a fear 

of the unknown - a technique of coping with the uncertainty of the future. 

Let us discuss, in greater detail, some of the potential problem sources 

in decision making which deal with determining policies to be executed 

over a future period of time. 

Changes in Uncertainty and Individual Foresight 

Obviously, all expectations of future revenue and cost func- 

tions are not equally certain to any given firm or individual. Expec- 

tations become gradually more uncertain, the more the periods considered 
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are removed into the future. Thus, it is important to know how differ- 

ences of uncertainty between instants are taken into account in the 

resource utilization plan and how changes in uncertainty result in a 

divergence from or convergence to the optimal policy of resource 

utilization we have outlined in previous chapters. 

It can be intuitively felt that the "degree of optimality" 

varies inversely to the uncertainty of the information on which the 

optimum conditions are based. If the future can he accurately pre- 

dicted, the optimally designed policy will effect the desired results. 

Conversely, an increase in uncertainty will bring about a divergence 

from optimality, i.e., non -optimality. Thus a decrease (increase) 

of the allowance for uncertainty may be demonstrated by disregarding 

(regarding) the setting aside of funds to meet uncertain future 

costs. This action may be looked upon as a shift to the future (present) 

of expected net revenue schedules. This shift would probably be pro- 

portional to the remoteness of each time instant into the future. It 

becomes economical, therefore, to increase (decrease) rates of resource 

use the more (or further) the time instants are removed in the future. 

It is of great interest to know how individual judgments about 

the uncertainty prevailing in different instants, affect our optimal 

policy. The reactions of individual entrepreneurs may influence the 

production plan directly by changing the flow of goods, or indirectly 

through the "coordinated" effort of market prices. Individual foresight 
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is limited. Individuals have a limited "economic horizon." According- 

ly, under the pressures of urgent (often, selfish) needs in the present, 

irrespective of what the future may hold, and the uncertainty and 

distrust of the future, the individual. impulse is to diverge from the 

optimal plan and simply exploit the resource. This is especially 

amplified if people realize that human wants change and the same things 

may not be desirable tomorrow. 

Change of Time Discount Rate 

Little needs to be said about the effect of changes in expected 

time discount rates upon the utilization plan. A decrease in time 

discount rates used in resource utilization plans could bring about a 

divergence from optimality and an increase will result in convergence 

to optimality. This could be supported by stating that as uncertainty 

grows, the pessimistic attitude is to believe that the future will not 

provide good things. Therefore, the tendency is to decrease the poten- 

tial or expected worth of future goods. This will be manifested by 

a decrease in the discount rate. Following the same arguments concern- 

ing the association of uncertainty and optimality stated in the previous 

section, we may state that it is economical to increase (decrease) rates 

of resource use the more (or further) instants are removed in the future 

if the time discount rate is decreased (increased). 

The next point of uncertainty we wish to take up is that of a 

firm Production function, as reflected by changing technology. 
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Changing Technology 

If the State is to formulate a realistic policy for optimum 

rate of resource use, it must be cognizant of the problems of competi- 

tion between firms, and how each firm views, and responds to these 

problems. At least four areas of changing technology affect the deci- 

sion maker within a company, and consequently, the State. 

Outside the company, competitors force market changes through 

the development of new products and production methods and the establish- 

ment of improved means of product distribution. In- company development 

programs are used to meet this competition and to give new sources for 

investment capital. It is in this second area of change that the deci- 

sion maker or his contemporaries have the most information and greatest 

effect, and this is where he seeks to change the nature of his own 

environment to meet the out -of- company changing conditions. The third 

area of change is that of the management sciences where improved methods 

of analysis provide better means for decision making. 

Lastly, technology can also change because there is no such 

thing as a fixed, inflexible requirement for individual natural resources 

that is impossible of variation. There is some degree of substituti- 

bility for each and every kind or class of input. 

The State, therefore, must not only sympathize with the firm but 

evaluate these problems and try to anticipate how each will respond to 

perturbations by modifications of its production function. 
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(ne way the State can try to anticipate a firm's reaction is 

to conduct extensive research into the dynamics of firm- market 

relationships. The goal here is to understand the sensitivity or 

volatility of these relationships. 'What should the State pay for 

a given piece of information? Let us now discuss this problem. 

The Cost of Information 

Decision making is always performed in an environment of 

imperfect, fragmentary, and erroneous information. Prior to developing 

decision rules, the State must have some estimate of the validity of 

the data which were used as inputs. Data requirements and sources must 

be evaluated, and where the decision- making process is critically 

dependent on certain estimates or forecasts, these must be ordained. 

Costs for reliable information and allowance for uncertainty 

increase gradually with increasing remoteness of future time instants, 

until at the economic horizon, the instant is of no interest to the 

resource utilization plan. The State bows that uncertainty concerning 

a future instant will decrease as time goes on because more and better 

information becomes available. However, a basic difference is that 

the horizon for an individual is one lifetime; for a family perhaps 

two generations; a firm 50 years; but the State can he considered to have 

an infinite time horizon. The only thing that keeps the State from 

acting on a long -term plan is that it is run by people whose time hor- 

izons are four years, oruntil the next election. This is independent 

of how much information we have. 
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The individual and the firm will attempt, therefore, to postpone 

as far as possible those decisions, the execution of which, would make 

an alteration of the utilization plan costly, when fuller information 

becomes available. 

There is one way in which the formation of expectations might 

be reincorporated in the body of economic theory: by treating information 

gathering as one of the processes of production, so to speak, and 

applying to it the usual rules of marginal analysis. Information, says 

price theory, should be gathered up to the point where the incremental 

cost of additional information is equal to the incremental profit that 

can be earned by having it. Such an approach can lead to propositions 

about optimal amounts of information - gathering activity and about the 

relative merits of alternative information- gathering and estimating 

schemes. Such tangents are beyond the scope of this study (see Davis, 

1971). 

The next problem we wish to deal with considers externalities. 

Contrary to what we have implicitly assumed in past chapters, they 

cannot always be quantified. 

Quantification of Externalities. 

The basic problem in the quantification of externalities seems 

to lie in finding an appropriate metric. This is basic to most problems 

in the social realm. Considerable effort is required to get even crude 

measurements of externalities. Such problems are discussed by Ayers 

and Kneese (1969) , Esposito (1970) , Mishan (1961) , Ridker (1966) , and 

Rothenberg (1961). 
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Pricing 

First there is little basis in economic theory for non- market 

measurement, i.e., quantification without using a price structure. 

The least that can he done is to specify and to make very clear to 

all concerned the cost of correcting the externality. As a maximum 

removing the externality must be worth as much as it costs in terms of 

alternatives sacrificed if it is to be removed. Furthermore, it is 

often possible to place a maximum value on the externality if it can 

be corrected by alternative means. Such considerations may reduce the 

common tendency to consider externalities as exceptions to economic 

analysis. Second, because of past research inactivity in the area of 

non -market measurement, there has been little pressure for the collection 

and reporting of some basic kinds of data. 

An attempt should he made to bypass the physical cause and 

effect relationships that exist between production levels and externali- 

ties. Effect should he aimed at relating a dollar measure of the social 

costs of externalities to amount of, say, smoke ejected into the air. 

This effort has some rather severe limitations, however. First, only 

those externalities that can be observed will be measured. By and large, 

these are usually acute diseconomies which create controversy. For 

example, most visible emissions from a car are not real pollutants, per 

se, but rather most auto pollution comes from invisible emissions. 

Hence, most drivers are unconcerned or worry about "smokey buses in front 

of them ". 
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Second, in many cases the measurement of an externality is 

uncomfortably subjective in that it lacks a market determination. Finally, 

the use of a dollar measure of social cost also requires some strong 

assumptions concerning the marginal utility of money and income effects 

of price changes. 

Structural Estimates 

The objective in measuring externalities should be to obtain 

structural estimates of the function 

C(t) = EG,(fh(t)) 

where C(t) is a net dollar measure of externalities in period t, fh(t) 

is the production level of firm h at time t, and Gh is some function 

which translates certain goods of production (e.g., smoke) into dollar 

costs. A valid case for State intervention can be made here for it is 

the State who should evaluate the function C from the collective 

utility standpoint. The value judgment in decision processes should 

not rest solely on externally affected parties. Society instills in 

each of us a great tolerance for the status quo, and if improvements 

in the operation of our socio- economic system depend on individuals 

being "fedup," the process of improvement will be slow - perhaps danger- 

ously so if the affected parties hold few resources and little politi- 

cal power. Social scientists need to be concerned with minimizing the 

"true" social cost of change. 
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To overcome the problem of complacency with the status quo, we 

pointed to, it is recommended that the State should provide greater 

support for measurement of the inputs and outputs of the environmental 

production function. Little is known about the quantity of potential 

pollutants going into our environment (perhaps with the exception of 

Los Angeles, California), and even less is known about the physical and 

biological effects of the outputs - even those that are acute and can 

be observed. Economists are being asked to help make decisions about 

environmental processes, and they know neither the quantities nor the 

values of their inputs and outputs. 

The Function of Big Brother 

In previous chapters, Big Brother's main purpose was to correct 

market imperfections (e.g., externalities). However this may not always 

be the case. 

Operational Efficiency 

Political imperfections have often substituted for market 

imperfections. We cannot assume or believe that individuals act more 

rationally in the polling booth, or that elected political representa- 

tives are all wise and free from fault. Analysis of the defects in the 

market mechanisms does not mean that political choice processes are any 

more free of error. Knowledge can never be perfect, especially in 

regard to the future. Neither perfectly functioning markets nor wise 
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governments can escape this fact. Hence, we cannot assume that an 

ideal political alternative is available to deal with an imperfect 

market situation. 

Even if one is available what assurance is there that it will 

be used. Government control may not necessarily provide centralized 

operation for dealing with interdependencies. Instead, management may 

be parceled out among different agencies with varying objectives and 

constituencies thus eroding the potential for an efficient system of 

operation even under governmental development. 

Response to the People 

Also, pressure for federal management of public resources may 

stem not from sound legal and economic reasons but often from special 

interest groups who hope to benefit from the provision of subsidized 

benefits. Because of this, prospective beneficiaries have extremely 

strong incentives to push for more federal development. All projects 

yield benefits to some groups, but the difficult questions are concern- 

ed with the magnitude of the costs and who is to bear them. 

The Goal 

On the other hand, it may he asserted that the goal of a re- 

source development is not economic efficiency at all; instead the goal 

may simply be a deliberate redistribution of income and wealth from 

the taxpayers to the project beneficiaries. Furthermore, it could be 
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argued that the fact that the projects are approved indicates political 

acceptance of this redistribution on the part of the majority. However, 

this seers doubtful because the electorate is not really informed at 

the time the decision is made because accurate information as to what 

the costs and benefits are and who is to hear and receive them is 

seldom provided. 

The System 

However, the ballot box process also has its inherent limita- 

tions. Short of unanimity or complete social concensus it is necessary 

to rely upon some form of majority rule. This will always involve some 

coercion of the minority. Once individual preferences are polled 

the collective choice becomes binding on all. Other voting limitations 

are involved in the indivisibility of votes and of choices, and the 

infrequency of voting. Furthermore, how much incentive does an indi- 

vidual voter have to study issues carefully? For one thing an individual 

voter has only an imperceptable effect on the outcome. The decision 

will he reached whether a Particular individual votes or not so why 

study the issues. 

Periodic Pe-evaluation of Decision Policies 

The previous sections in this chapter point up some of the 

problem areas in formulating a decision policy. Admittedly, we did not 

offer concrete methods in which they could be overcome, but only indi- 

cated some of the avenues that might be open to the State. The author 
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firmly believes that the only way to ensure an optimal policy of resource 

use is being formulated (and it is an ongoing process within the time 

horizon) is to continually re- evaluate the policy in the light of the 

economy's position in the time continuum. Since the whole discussion 

of collective utility was specified to be a member of the systems 

approach set, it is only right that we should employ one of the tech- 

niques of the systems approach, namely feedback. 

Feedback allows a system to evaluate its present position, in 

relation to a desired goal. In the case of negative feedback, this 

evaluation is concluded in an error message which gives the system some 

indication of the direction it must take to achieve its goals. If the 

system is on the correct path, the error message is zero. Feedback 

mechanisms are fundamental to any process based upon the systems 

approach. The general procedures presented earlier, only represent 

one phase of a continuing process. Since the time required to implement 

a large -scale project is usually long and full of uncertainties, the 

initial analysis results in only a preliminary approximation of the 

total system to be examined. It is therefore necessary to refine the 

plan as projects are installed and uncertainties resolved. The planning 

and execution phases of a project can be seen as parts of the continuous 

analysis process. Periodic re- analysis is desirable for the same reason 

that multistage control is required for any continuous production process. 



132 

It is the only way to obtain optimal results in a changing environment. 

Viewed another way, each step in the implementation of a plan is an 

experiment which, by eliminating some uncertainties, defines a new 

set of conditions in which to reformulate the analysis. 

The role of feedback in systems analysis is shown in Fig. 3 -1. 

The portion on the left represents the several steps of systems 

analysis already suggested. The portion on the right indicates the 

dynamic feedback elements. The figure illustrates that the decision - 

making process can, in a sense, be considered as an ordered information 

floe. This concept is particularly useful in the structuring of work 

teams for large -scale analysis and design projects. 

Because a decision completed at a given point in time can only 

be changed or modified at a later time, a policy (or an entire stream 

of decisions) is chosen and the effects of this policy are estimated. 

_Nt the next decision -making time t7 ,e procedure is repeated. The net 

result of sequential decision making, is that a decision is made only 

after the effect of possible courses of action are considered. The 

optimum policy of resource can only be approximated through trial and 

error on a step -by -step basis. This approximation means substituting 

discrete step functions for marginal analysis. As "Ullman (1962) 

n. 203) says, "... the future is approached day by day. We can 

continually alter our decisions in the light of new information and 

changed expectations ". 
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We have discussed the concepts of collective utility in a 

manner sufficient for comparison with other techniques that deal with 

effective allocation of resources. The two most commonly used approaches 

are cost -benefit and cost -effectiveness. This will be the subject of 

the next chapter. 
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COMPARISON OF THE COLLECTIVE UTILITY APPROACH WITH 

OTHER ECONOMIC FEASIBILITY TEQINTQIIFS 

In this chapter we will briefly compare the capabilities and 

limitations of two commonly -used techniques used in conducting economic 

feasibility studies - cost -benefit and cost -effectiveness -with those 

of collective utility. The first section points out the major dis- 

tinction between collective utility and the other two techniques; 

collective utility usually considers marginal transformations while 

cost -benefit and cost -effectiveness strictly consider structural trans- 

formations. 

Structural and "arginal Transformations 

The major distinction between the former two and collective 

utility is that collective utility usually deals with marginal trans- 

formations (e.g., increasing a highway capacity by 5% or 10 %) whereas 

cost -benefit and cost -effectiveness techniques strictly deal with 

structural transformations (e.g., to build or not to build the highway). 

Collective utility can also deal with structural transformations from 

state 1 (say, no highway exists) to state 2 (a highway exists) by 

evaluating 

2 f Le-rtdt 
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where U replaces dU and r is the discount rate. The value of the inte- 

gral is path dependent. As we saw previously, this path is defined by 

the time history of consumer good prices, and in the case of our 

optimum policy, it is also defined by a taxing structure. 

Collective utility can be used in connection with a structural 

transformation decision, by evaluating the change in collective utility 

caused by, say, building a highway to handle 2200 cars per hour, instead 

of one to handle 2000 cars per hour (cph). The marginal transformation 

is then 

2200 cph 
dU [9.1] 

2000 cph 

If expression 9.1 is positive, then the structural transformation deci- 

sion to build a 2200 cph capacity highway is economically feasible. 

If it is negative, a 2200 cph highway is not economically feasible. 

If dU is zero, the decision may be purely political (although politics 

will permeate the other decisions also). Note the a priori assumption 

in this case - that is is economically feasible to build a 2000 cph 

highway. The only question that collective utility attempts to resolve 

is whether or not the extra 200 cph is warranted. 

Rather than dart back and forth between the three approaches 

of cost -benefit, cost -effectiveness, and collective utility, we will 

arbitrarily begin with the technique of cost -benefit. For our discussion, 

we will lean quite heavily on the findings of a survey conducted by 

Prest and Turvey (1965), for the applications, advantages and drawbacks 

of cost -benefit. analysis. 
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Cost- Benefit 

nne of the major disadvantages of cost -benefit analysis noted 

by Prest and Turvey is the complete absence of an a priori structure 

with which to handle a given problem. Accordingly, Prest and .Turvey 

point out that ... "There is hound to be a certain degree of arbitrariness 

in ..." initiating such a study (p. 686). Since the necessary mathemati- 

cal structure must be formulated in advance, subjective biases are 

often placed (perhaps unknowingly) in the framework. Consequently, 

a certain amount of arbitrariness is inherent in answering the questions: 

1. Which costs and which benefits are to be included, and 

2. How are they to be valued (p. 686) . 

Since this technique implies the enumeration and evaluation 

of all the relevant costs and benefits, inevitable problems arise in 

dealing with intangibles and externalities. Some costs and benefits 

(such as the scenic effect of building electricity transmission lines) 

cannot be quantified, and others, although they can be quantified, 

cannot be valued in any market sense (e.g., a reduction in lives 

lost). Such costs and benefits have been called intangible costs and 

'benefits. 

Externalities are generated from public projects when such 

projects result in an alteration of the physical production possibilities 

of other producers or the satisfaction that consumers can get from given 

resources. This was the way in which we dealt with externalities in 

Chanter 5. 
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In considering intangibles and externalities, Prest and Turvey 

note that "They are obviously important in many cases, and, equally 

obviously, have to be presented to the decision maker in the prose 

which accompanies the cost -benefit arithmetic, since they cannot be 

incorporated in the arithmetic itself (p. 687)." It may be possible 

to gain some idea of their importance on the basis of consumer question - 

aires, but nevertheless, it cannot be integrated into the mathematical 

structure of the technique. Since a monetary value cannot be assigned 

to such items, they are quite often dropped from consideration. Some 

of these awkward problems have been very clearly demonstrated in some 

of the recent literature on externalities (Coase, 1960; Buchanan and 

Stubblebine, 1962; Davis and 1%hinston, 1962; and Turvey, 1963). 

Enumeration of benefits poses many problems, among which are 

those of omission and double -counting. Prest and Turvey believe that 

this may be caused by the 'many diverse types of benefits from a pro- 

ject and /or many different beneficiaries... (p. 687) ". It would also 

be worthwhile to reconsider the importance of a mathematical structure 

which would serve as a mental checklist to avoid those errors. 

An associated difficulty that affects the enumeration as well 

as the evaluation of benefits is that of uncertainty. Cost- benefit 

analysis makes no allowances in any systematic fashion for uncertainty. 
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Use of ratios in cost -benefit analysis (which seems to be a 

favorite tool of the Corps of Engineers) is a prime example of a common 

fallacy (what not to do) because "... the actual magnitude of the numer- 

ator and denominator tend to be ignored (Kazanowski, 1968b, p. 154)." 

Maximization of a benefit -to -cost ratio may be a plausible criterion 

at first glance, but it allows the absolute magnitude of the achieve- 

ment or the cost to vary without restriction. Paradoxically, if the 

magnitudes are arbitrarily limited, then the "best" answer may be biased 

in that it may be the direct result of this limitation. Simply speak- 

ing, the magnitude of what is being asked to be risked has a hearing 

on the acceptability of the risk. The use of ratios ignores the effect 

of the magnitude of the risk, and without the use of probabilities on 

that risk, it also ignores the acceptability of that risk. 

Cost benefit analysis is also restricted in its fields of 

application. Prest and Turvey note that the technique is useless in 

analyzing a project if it 

. is so large as to alter the whole complex of relative 
prices and outputs....It is no good expecting those fields 
in which benefits are widely diffused ... to he as cultivable 
as others. Nor is it realistic to expect that comparisons 
between projects in entirely different branches of economic 
activity are likely to be as meaningful or fruitful as those 
between projects in the same branch (p. 731)." 

It is obvious that Prest and Turvey are avoiding the problem of how to 

address intangibles and externalities when they state that "Comparisons 

bets.len, say different road projects are more helpful than those between, 
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say, road and water projects; and both these are likely to be more 

helpful than applications in the fields of education, health, research, 

and so on (p. 731) ." 

With regard to the unique advantages of benefit -cost analysis, 

we have little to say, especially after receiving few hints from Prest 

and Turvey. Their limpid statement "...that it forces those responsible 

to quantify costs and benefits as far as possible...(p. 732)" can be 

said of all three of the approaches discussed in this chapter. Likewise, 

their statement stressing "...that cost -benefit analysis has the very 

valuable by- product of causing questions to be asked ... which would 

otherwise not have been raised (p. 732)." We leave it as such and go 

on to cost- effectiveness. 

Cost- Effectiveness 

The word combination -cost and effectiveness is relatively 
new and so tends to create the impression of a new discipline. However, 

cost- effectiveness is a very old discipline. English (1968, p. 2) 

believes that it was first given impetus as a formal engineering disci- 

pline in 1887. 

Basically, cost -effectiveness is nothing more than engineering 

econcsnics (or cost -benefit which was subsumed by cost -effectiveness in 

its evolutionary growth). But traditional engineering economy has 

always featured an essentially deterministic approach. Even though risk 

and uñcertainty were recognized to exist, they were not considered 

explicitly in the calculations. In cost -effectiveness, probability plays 

an important role. 
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Perhaps the most significant difference introduced in cost - 

effectiveness is the methodology for considering multiple values. In 

this connection there are some promising new ways for considering the 

value or worth of the system in terms of cardinal utilities (perhaps 

a shift toward collective utility ?). However, it must be admitted 

that there is no uniform agreement that such approaches are valid. 

In any event, the scope of the economic evaluation has been broadened 

from that of. cost -benefit. Haldi (1969, p. 273) underscores this 

when he says, 

"Cost -effectiveness studies differ from cost -benefit studies 
in that: (1) certain basic objectives are taken as given 
and (2) no attempt is made to quantify all benefits in 
dollars costs. Thus, although cost -effectiveness studies 
fail to make marginal comparisons between radically 
different programs [the same failing as cost- benefit], 
the scope of the analysis is usually broader and somewhat 
more relevant..." 

Cost -effectiveness also suffers from the absence of a standar- 

dized mathematical structure. Kazanowski (1968a, p. 113) states that 

"The lack of uniformity that is apparent in almost any sample of cost - 

effectiveness evaluations has resulted in a questioning of the merits 

of cost -effectiveness as an aid to decision making." Accordingly, 

Kazanowski offer ten steps which constitute "the" standardized approach 

to the conduct of cost -effectiveness (n. 116), 

1. Define desired system goals, objectives, missions, or purposes, 

2. Identify the mission requirements, 

3. Develop alternate mission concepts, 
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4. Establish system evaluation criteria that relate system capabili- 

ties to the mission requirement, 

5. Select a fixed -cost or fixed- effectiveness approach, 

6. Determine capabilities of all alternate systems in terms of evalua- 

tion criteria, 

7.. Generate a systems -versus -criteria array, 

8. Analyze the merits of alternative systems, 

9. Perform sensitivity analysis, 

10. Document the rationale, assumptions and analyses underlying the 

previous nine steps. 

These steps sound very similar to the seven phases of a good decision - 

making process outlined by de Neufville (1970a), which he labels a 

"systems analysis." However, de Neufville includes two additional steps 

which were excluded above - implementation and feedback. We believe 

that these are essential to a good systems approach. Cost- effectiveness 

is not unique in omitting these two phases - most economic analyses 

usually do. In fact, in another article, de Neufville (1970b) himself 

omits them. The system designer should "stick around" to monitor the 

implementation of his design to see that his blueprint is followed. 

Furthermore, once the system is operational, the designer should try 

to anticipate whether or not the design objectives will be met. If 

they will, fine! More often than not, however, the designer will be 

called upon to "fine- tune" his design to meet objectives, as design 

uncertai*ities become realities through the passage of time. He is 
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not free to go on to bigger and better things, once the blueprints 

are sold. His design should carry a system -lifetime warranty specify- 

ing that the designer will be on hand to monitor the progress of the 

system and to redesign it whenever it is foreseen that the design 

objectives will not he met. 

Kazanowski (1968a, pp. 140 -149) then specifies some of the pit- 

falls and fallacies of cost -effectiveness, which are also applicable 

to benefit -cost. He says that "One of the most common pitfalls in the 

evaluation of alternative systems may he termed the 'ranking- weighting- 

utility fallacy,' because this is generally the sequential pattern of 

commission" (p. 140). The procedure is usually initiated by determining 

the ranking with ordinal numbers, then cardinal numbers. These are 

then normalized to form weights and further algebraic manipulation yields 

utilities. The results are interesting but worthless. Kazanowski 

(1968b) goes on to list other problem areas, some of which are listed. 

below, 

Sole- criterion fallacy- a single criterion is selected for the 

basis of the evaluation. (The real world is seldom this simple). 

Ratio fallacy- ratios between major criteria are calculated and 

the alternative that has the best ratio is selected (discussed 

in the previous section). 

Ouentification fallacy- the assumption is made that every 

criterion pertinent to the evaluation or decision may he 

quantified. 
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Interrelationship fallacy- it is assumed that all of the 

significant criteria can be related to, and expressed in terms 

of, one super criterion and that the evaluation can be made 

on that basis (i.e., sole criterion fallacy). 

Derivative fallacy - usually stems from taking derivatives of 

functions which are expected to be continuous when in reality 

they are discrete. 

Neglect of spillover effects- no system can be so completely 

isolated or confined that it does not exert any impact on 

other systems. This spillover effect may be horizontal in 

time (contemporary) or vertical (affecting future systems) 

as we discussed previously. 

Definition fallacy - the key problems of an economic evaluation 

are defined away as being irrelevant to the study. Instead 

the analyst becomes obsessed with the activity of one subsystem 

and ignores the total system. Quade (1969, p. 10) calls this 

problem an "attention bias." 

As was pointed out previously, the problems discussed above are 

not solely restricted to cost - effectiveness studies. The validity of 

the results of any evaluation is generally no better than the experience 

ingenuity, and insight of the analyst in avoiding techniques or fallacies 

which could negate or at best bias his conclusions. An awareness of 

potential pitfalls on the part of the analyst cannot help but improve 

the validity and worth of his cost - effectiveness evaluations. 
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Collective Utility 

Collective Utility, first of all, offers a well - defined mathe- 

matical structure. Since this structure can be easily constructed 

in real -time, this will help to facilitate its use and understanding. 

The formulation provides a technique for appreciating all the inter - 

workings of a dynamic complex system in its environmental setting. 

Hence, it is a systems approach as we discussed in chapter one. Because 

of its comprehension of a problem and the thoroughness with which inter- 

actions are investigated, it is unlikely that spillover costs will be 

neglected with the use of collective utility. Double counting effects 

are easily eliminated through the use of the material balance equations 

for each particular consumer good. Because of the flexibility of the 

approach, collective utility can be applied to almost any field with 

satisfying results. Furthermore, this flexibility will allow comparison 

between projects in different fields. For example, in evaluating 

marginal transformations, an economic region could easily investigate 

the worth of raising airline rates to achieve a fixed amount of tax 

revenue and then compare that to the worth realized by increasing rail- 

road rates. As action of this magnitude brings out two other important 

advantages of collective utility. Unlike cost -benefit and cost- effective- 

ness, collective utility has the capability to evaluate decisions which 

will have the effect of changing prices for consumer goods. we would 
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say then that such actions would empower individuals and /or firms to 

manipulate prices and they would be labeled "price makers ". However, 

to simplify the mathematics, we assumed that all individuals and firms 

are simply "price- takers," i.e., their buying or selling actions are 

insufficient to modify market prices. Yet, this simplifying assumption 

does invalidate our work. By assuming that prices generally vary 

with time and that the flow of goods is price dependent, we were 

able to derive decision policies to achieve specific goals by re- 

evaluating the goods flow at each instant of time. In a matter of 

speaking, this is a systems approach, with a "feedback loop ". 

Although it was not discussed in this thesis, collective utility 

also has the capability to incorporate risk and uncertainty into the 

calculus. This is especially important when it is not known with 

certainty how specific decisions will affect the future viability of 

individuals and /or firms. A decision, for example, involves risk when 

it may effect the relocation of firms within an economic area. 

Unfortunately, collective utility suffers from many of the 

same ills attributed to cost -effectiveness in the previous section. 

Perhaps one of the most serious of these is that of the quantification 

fallacy. Collective utility specifically requires the quantification 

of a given good consumption or production and an associated unit price 

must be affixed to that good, which is a failing of all economic 

theory. Problems arise when dealing with intangibles and externalities. 
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Engineers find particular satisfaction in working with quanti- 

tative measurements that are quickly and directly obtainable in a 

physical way. It is understandable that engineering calculations of 

worth tend to deal primarily with things that can be easily expressed 

in monetary units. But these efforts, to he tangible and quantitive, 

frequently neglect many value -potential factors related to expressed 

and unexpressed objectives. In every engineering problem there are 

so- called intangible factors present in varying degrees. If these can 

he adequately measured in monetary units for purposes of the problems, 

then the tangible worth analysis is sufficient. Generally, they are 

not. 

The so- called intangible dimensions of value are not so easily 

measured. Various quantitative methods have been suggested in the 

literature (e.g., Clurchman, 1961). Petit (1966, p. 310) says that 

"...as far as engineering decisions are concerned, good judgment re- 

mained the state of the art ". 

Even if we vere fortunate in selecting an effect that would 

be quantified, such as the amount of particles emitted from a factory 

smokestack, we would soon find ourselves in trouble trying to determine 

the monetary damage that the factory is causing to the civilian popu- 

lation. Perhaps the damage would be the extra laundry hills incurred 

to remove the particles from their clothes. But if we switched the 

problem from smoke to smog, finding our way out of the puzzle would 

be even more difficult. 
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As was pointed out in the previous section, the sole criterion 

fallacy usually accompanies the quantification fallacy. Hatry (1970, 

p. 774) believes that the use of a single effectiveness measure (money, 

here) may place the analyst in a position of making a considerable 

number of value judgments that rightfully are political in nature. 

Such value judgments are buried in the procedures used by the analysts 

and are seldom revealed to, or understood by, the decision makers. 

Hatry also implies that the role of an analyst ends when he presents 

the decision maker with alternative ways of achieving objectives and 

their associated sensitivity analyses. Ignoring his omissions of the 

implementation and feedback phases discussed earlier, that sounds fine. 

But it doesn't make the decision -maker's job any easier. We know 

he must ultimately reach a decision and choose one alternative. Some 

type of subjective (hopefully though, objective) must have been used - 

the analyst should not be concerned with its rationality as they may 

be political. If these criteria had been simply revealed to the analyst, 

much wringing of hands could have been avoided. The criteria is usually 

in the form of a subjective relationship - the decision maker decides 

to sacrifice the life of a low income worker if $10,000 can he saved 

on a project cost, or he feels that for every million dollars spent on 

a project, the probability of his re- election will increase by 10%. 

We used the phrase "simply revealed" in referring to such subjective 

relations. Obviously, specific formulation would be extremely painful 
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and difficult even for the decision maker. However, a basic decision 

must he made. Do we want decision making to remain a mysterious form 

of the "black arts ", or shall we strive to build a science of decision 

making? 

Collective utility enjoys immunity from the fallacies of 

"definition" and "derivatives" because, first of all, it does not 

define away areas that are difficult to cope with. In fact, with the 

explicit set of hypotheses that are basic to the calculus of collective 

utility, it is forced to deal with such sticky problems as externalities, 

as we have seen previously. Integration of these effects are not easy 

but they are always included in the analysis. 

Since we have dealt with derivatives quite freely, we must 

ensure ourselves that all functions under consideration are continuous. 

Such stipulations were made in the appropriate sections previously. 

The most important relationship we have considered is the on -to -one 

and onto mapping between a price structure and a good - flow structure. 

The continuity assumption, does fall down, however for certain goods 

which enter into individual satisfactions and firm revenues; these 

goods are indivisible. An individual does not buy 1.2 cars. 'larginal 

analysis does not recognize this imperfection. Our only recourse here 

is to consider that the collective utility function constitutes a 

consistent aggregation. That is, the use of information more detailed 

than that contained in the aggregation would not affect the results 

of the analysis (Hypothesis Three). A summary of the pertinent points 

we have discussed thus far is given in Fig. 9 -1 and 9 -2. 
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Up to now, we have not discussed a problem which plagues any 

decision maker who mist consider the allocation of resources over time, 

and that is, the appropriate discount rate. This concept is discussed 

in the next section. 

The Common Problem of Discount Rates 

Desirable and undesirable effects from a public project or 

program are likely to accrue over a span of time, often many years. 

Accordingly, the analysis must include a time dimension to reflect time 

preferences that result in a differential value of net benefits received 

over future time. In the private market, the discount rate is a measure 

of the marginal rate of time net productivity of capital. It is ordin- 

arily assumed that this discount rate is positive, meaning that a pre- 

ference exists for present over future consumption and /or output. 

Theoretically, if inflation is rising faster than the interest rate, 

the discount rate is negative (i.e., the payback will be made in 

fewer real dollars than the amount borrowed). Since the use of capital 

represents a current investment to yield increased future output, the 

marginal cost of capital of such an investment is measured by the dis- 

count rate. In this sense, the discount rate reflects the extent to 

which society is willing to trade current consumption for future 

consumption. 

Some writers in the field conclude that the market rate of 

interest does not adequately weigh the collective considerations of 

social welfare (see the discussions of: Falk, 1970; Mishan, 1961; 
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Fischer, 1970; Dorfman, 1965; Eckstein, 1958; and Hilliman, 1962). 

Since, in the real world (i.e., the capitalist world), all market 

rates of interest reflect private rather than social rates of 

discount, these writers argue that existing discrepancies between 

private and social products invalidate the use of the market rate of 

interest for public investments. With no divergences between social 

and private benefits and costs, the discount rate for public investment 

would be the same as the market rate of interest (Arrow, 1966, p. 14). 

In a world unaffected by uncertainty and risk, there would he only one 

rate for loans of a given term (Milliman, 1962, p. 211). This rate would 

reflect both the consumers' preference for a dollar today instead of a 

dollar in the future and the marginal productivity of investments. 

Other views would perhaps allow for public investment to he 

carried beyond the point dictated by the market interest rate to conserve 

resources for future generations. The argument given is that the 

government is the guardian of the interests of unborn generations, as 

well as those of the present generation. The government should there- 

fore exhibit a lower marginal rate of substitution of future for pre- 

sent consumption. That is, its marginal discount rate should he lower 

than the marginal rate of time preference of the individuals comprising 

today's society (Pigou, 1929, pp. 23 -30). 

Akin to the authoritarian argument of the preceding paragraph 

is one that, based on the time preferences of the present generation, 

hypothesizes two rates of time preference for the normal individual. 
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It is grounded on the individual consumer's desire to provide for future 

generations. One person may care for future generations, so the argument 

goes, but his personal time preference rate is such that he will give 

up little present consumption to provide for them. However, if 

other persons offer to make the sacrifice, too, he will be willing to 

give up a greater amount. Thus the individual time preference rate 

differs from the collective time preference rate, and the market 

interest rate loses its significance as a norm ( Baucool, 1965, pp. 

131 -132; Sen, 1961, pp. 479 -496; Marglin, 1963, pp. 95 -111). 

Any compromise between these points must necessarily rest 

upon other than purely economic considerations. Other factors, such 

as government influence on general interest rates and imperfections 

in the capital market may also affect the reliability of the market 

rate as a measurement of time preference. 

In addition, this discussion is not meant to be a comprehensive 

treatment of discounting but it is intended to show that discounting 

is an important factor in public evaluation and that little real consensus 

exists among writers as to the appropriate discount rate for public 

investment. As Eckstein (1961, p. 460) concludes after several pages 

of discussion, 'Thus the choice of interest rates must remain a value 

judgment." 
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CONCLUDING PE MKS 

Collective utility compares two states of an economic system 

by considering the distribution and flow of resources within a 

socio- political economic region. whenever the nuestion of resource 

distribution or allocation arises, whether explicitly or implicity, 

then we suggest that the answer be based on the criteria given in this 

report. 

%capitulation 

The collective utility approach has sufficient flexibility to 

incorporate the many and diverse activities conducted by individuals 

and firms that compose an economic area. The mathematical framework 

helps to avoid the common economic problems of "double- counting" and 

"omission". In fact, because of the comprehensiveness of the tech- 

nique, a tradeoff must often be made to balance the detail of the 

analysis with the complexity of the resulting system equations. The 

scope of collective utility ranges from the microeconomic analysis 

of an individual firm behavior to the macroeconomic view of policy 

administration over a multi -state area. '.''ell- defined hypotheses and 

mathematical frameworks discourage arbitrary and often ad hoc methods 

of economic investigations. 
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Many of the hypotheses are those of various economic schools 

of thought that have evolved over the last two centuries. Hence, the 

foundations of collective utility are not really new - but the struc- 

ture we have erected is. 

The treatment of externalities attempts to synthesize methods 

of controlling their effects on the collective utility function. It 

seems that many writers have not realized the two dimensions of exter- 

nalities, horizontal and vertical; or if they have, chose to discuss 

one to the exclusion of the other. We analyze the effects of each 

and suggest a "resource -use" tax for their control. deans of control 

other than taxing suggested in this report are "trading" and "national- 

ization." Trading assumes an inherent desire for the parties involved 

in a dispute to reach a mutually agreeable settlement. Somehow, this 

seems a. little naive without government intervention. Nationalization 

of natural resources does not seem likely to occur in highly developed 

countries such as the United States, at least not in the foreseeable 

future. Consequently, the tax - subvention system that is formulated 

with optimal control theory constitutes the basis for a realistic 

approach to dealing with externalities. 

The solution to a problem caused by a technological externality 

consists in including the action causing the externality into the deci- 

sion- making process. Sometimes this can he done by coordinating frag- 

mentd property rights as in the case of a ground -water basin. In most 
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cases, however, direct government intervention is the only available 

solution because the scale of action is too large to be encompassed by 

ordinary property rights. This is one of the reasons we have postulated 

the existence of Big Brother, and his governmental structure called 

the State. 

The existence of Big Brother completes the elements for the 

formulation of an optimal policy for the utilization of natural resources. 

When individuals seek to maximize their satisfaction and firms seek 

to maximize their net revenue, their consumption of natural resources, 

and other goods and services always result in the creation of externa- 

lities. The function of Big Brother is to impose a taxation - subvention 

policy such that the taxes collected from the economic unit causing 

the externalities, would be paid as a subsidy to the economic unit 

suffering from the externalities. The net result of the taxation- 

subvention system would he to cancel out the detrimental effect of 

externalities on collective utility. Big Brother's goal is then to 

maximize the change in collective utility over a finite time horizon, 

subject to the various constraints imposed by the operations of 

the economic area and the State. Since the change in collective 

utility is formulated as a time integral, the calculus of variations 

approach is suggested as a teclnique for maximization, although 

dynamic programming or other similar techniques could also he used. 
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Consumer rights to resource use are also discussed. The legal 

structure is sufficiently flexible for water and mineral rights to be 

transfered from one individual to another. The State could either 

gain control of resource use by purchasing the resource outright or 

by imposing a resource -use tax. The resource -use tax is seen to be 

-within the legal jurisdiction of many state agencies in the levying of 

application fees for resource use. However, it was also pointed out 

that legal precedent is much more prevalent in water resources than 

it is within mineral. resources. 

We see many problems with the "ideal" policy of resource 

use. Most of these stem from ignoring the effects of uncertainty upon 

decision making. The use of powerful mathematical techniques on which 

we base our decision making, however, may paint somewhat of a rosy 

picture - that of a deterministic world. In the preceding chapters, 

we speak of such abstract terms as value, price, satisfaction function, 

utility function, externality, and more concrete terms such as production 

function and discount rate. The prior assumption underlying much of 

our analysis is that these terms would be free from individual inter- 

pretation. Basirg policy formulation on information that is assumed 

to be known with uncertainty, can only lead to disappointment (to say 

the least). Data reliability must he incorporated into any decision 

to be made with those data. 
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Another major hurdle to be overcome is the lack of an adequate 

structure and organization of business and political leadership to 

tackle the problem of efficient resource use, such as our Big Brother 

would do. The creation of central agencies is suggested to coordinate 

decision -making so that externalities can be taken into account. 

Use of centralized decision making, however, makes it all the 

more important that an accepted method of attaining efficiency in natural 

resources utilization be applied. We need to base public policy for 

common resources on much more than an emotional reaction to the obvious 

failings of fragmented decision raking. As such, we see no use for 

cost -benefit techniques; on the other hand, cost- effectiveness techniques 

look promising. Collective utility can accompany cost -effectiveness 

in the analysis of many projects, and can even replace it in many 

areas, especially those dealing with resource allocation. 

Extensions 

The calculus of collective utility formulated here has been 

somewhat restrictive for the purpose of avoiding a completely abstract 

approach and giving our analysis a pragmatic flavor. However, the 

calculus is extremely adaptable and many plateaus in the development 

could serve as extensions of the theory. 

Consider, for instance, H -9, which specifies that each indi- 

vidual and firm has equal economic imnortance to the collective utility. 

Obviously, this hypothesis defines the distribution of welfare within 

an economic area. By specifying that each individuals' or firm's 



160 

economic worth is in direct proportion to his real income, the expression 

for the change in the collective utility would take on a different 

form. 

other extensions would consist in including further constraints 

on individual satisfactions, say the constraint of available personal 

time (Lesourne, 1964, Chapter 7). Another feature would be to recognize 

that some goods are consumed in commodity bundles (e.g., cars, tires, 

and gasoline). Perhaps a fruitful adventure would be to elaborate on 

the financial dynamics of firms, their posture toward each other, 

and how each affects the market. The first step here would be to drop 

the assumption that all firms are "price- takers," and instead, postulate 

that some are "price -makers ". Admittedly, the theory (as we have 

formulated it) is very much naive in this area. Sophistication 

could he achieved by incorporating the appropriate theory, borrowed 

from other economic schools of thought, into the existing framework. 

In the chapter dealing with vertical externalities, it is 

indicated that a State treasury fund could be accumulated from the 

collection of the vertical externality tax if the social discount rate 

did not decrease. Further investigation of the taxation - subvention 

policy along this dimension of externalities should he made in order 

to investigate how subsidies are to be paid when the social discount 

rate decreases. Some writers do not even consider that the social . 

discount rate may change over time (Cummings, l969) . The subsidies 

could br in the form of price fixing by the State or outright grants 

to abandon a particular industry. 
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In the event that the social discount rate does not decrease, 

what should be done with the treasury fund? Brown and McGuire (1967) 

believe they should be used to cover extra future costs that will be 

incurred by utilizing a partially depleted natural resources stock. 

Is this in tie interest of collective utility? Such questions could 

only be answered by an intensive study in taxation - subvention policies 

along the vertical dimension of externalities. 

A further extension would consist of incorporating uncertainty 

into our optimal policy for the utilization of resources. For this 

we would look to Lesourne (1964, Chapter 8) and Debreu (1959) . By 

uncertainty, we mean: (1) the uncertainty involved in determining the 

economic state at present and in the future (after policies are imple- 

mented); (2) the uncertainty in the existence of individuals and firms 

in an economic area; and (3) the uncertainty in the functional form 

of satisfaction function of individuals and production function of 

firms. 

Let us now summarize the major findings we have reached in this 

report. The list does not imply order of importance but rather order of 

chronological occurrence. 

Conclusions 

1. The collective utility technique qualifies as a systems approach 

in the efficient allocation of natural resources because it 
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recognizes; 

a) the interrelationships between economic units, and 

h) the fact that the interrelationships and the economic units 

change over time. 

2. Inclusion of individual satisfactions and firm revenues in a Bergson - 

Samuelson social welfare (collective utility) function is a unique 

contribution to collective utility theory and may be a useful 

contribution to welfare economics. 

3. The existence of a Big Brother, who conducts governmental operations 

and decides upon the economic worth of individuals and firms, is 

a useful and viable hypothesis. 

4. The interrelationship of individual satisfactions and firm revenues 

result in the creation of externalities. Externalities occur 

in two- dimensions; horizontal, that is, affecting present generations 

and vertical, that is, affecting future generations. 

5. The taxation - subvention system for controlling externalities in 

natural resource use is a technically and legally feasible approach 

6. Even though externalities cannot be as precisely priced as other 

goods, their feasible price range can he established by considering 

opportunity costs associated with correcting the externalities. 

7. An optimal policy of resource use can be formulated through the 

integration of collective utility and externality considerations. 
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^. The distinct advantage of collective utility over cost- effectiveness 

or cost -benefit lies in its use of well- defined hypothesis and 

mathematical framework which provides sufficient flexibility 

and adaptability to encompass the diverse activities of individuals 

and firms in an economic area. The systemic -mathematical framework 

helps to avoid the common economic problems of "double counting" 

and "omission" associated with cost - effectiveness and cost -benefit. 

Furthermore, the collective utility approach is especially suited 

to model allocation of resources. 
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