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Chapter 1


The Theory of Exhaustible Resources


In this chapter, I will trace the evolution of the theory of exhaustible resources. The chapter is divided into three sections. The first outlines the early classical theories. This will include primarily David Ricardo’s rent theory, followed by Alfred Marshall’s restatement of the theory.


The second section presents the early and basic formulation of the optimal utilization theory of exhaustible resources, primarily the contribution of Lewis C. Gray (1914) and Harold Hoteling (1931). Finally, refinement and extension of the basic theory will be discussed.


The Early Classics and the Pricing Problem of Natural Resources


In the early days of economic science, rent was distinguished from other forms of income by defining it as the periodic return from the use of land. The Physiocrats regarded the fertility of nature as the one possible explanation of a surplus of production, above its necessary cost.1


This correlation between rent as income and land as its source did not go unchallenged. Adam Smith disputed the contention that agriculture and mining were the sole sources of the wealth of nations. He treated rent as a differential surplus and hence price determined: ‘High or low wages and profit are the cause of high or low prices; high or low rent is the effect of it.’2 The theory of rent found its most thorough logical development in the work of Ricardo, whose 1815 essay begins with an enunciation of the famous theory of differential rent, which has come to be known as the Ricardian Theory of Rent.3 In fact, Ricardo acknowledges his indebtedness to Malthus’ pamphlet ‘An Inquiry into Rent’, which was published three weeks before Ricardo announced his theory.4


Ricardo modified the economic concept of land as the source of rent payments and thus defined rent as that part of the produce of the soil which is paid to the owner for the use of the original and indestructible capacities of the soil. So, in accordance with Ricardo’s formula, in a strict sense, we have only to consider as rent the price of the use of the original and indestructible forces of the land. It cannot, therefore, be conceived of as recompense for any sort of productive activity, of either a creative or a maintaining character.5


Thus, the imperishability of the basis of rent is an essential assumption for the existence of rent in the Ricardian model. Ricardo did not hesitate to extend his doctrine of rent to all classes of land, yet he implied that modifications must be made before it could be applied to mineral lands. His two chapters on rent in The Principles should be studied together. In Chapter 2, he states that ‘the compensation given for the mine or quarry is paid for by the value of the coal or stone which can be removed from them and has no connection with the origin and indestructible powers’.6


Yet in Chapter 3 he writes:


There are mines of various qualities affording very different results, with equal quantities of labour.... The return for capital from the poorest mine paying no rent would regulate the rent of all the other productive mines. This mine is supposed to yield the usual profits of stock. All that the other mines produce more than this will necessarily be paid to the owner for rent.7


The apparent inconsistency here is explained as follows. In Chapter 3, which is entitled ‘The Rent of Mines’, Ricardo is concerned only with the return on mines due to their original and indestructible qualities, He was assuming-though he did not make it clear-that the compensation paid for the mineral removed, mentioned in Chapter 2, had already been deducted.8 Ricardo believed that mine royalties had a dual character that they were partly a payment for minerals removed and partly a differential return due to the superior location or the greater fertility of particular mines.


So, in the early classics, the whole theory of pricing was based on the thesis that the price of the product of natural resources is settled by the cost of capital and labour which is necessary to get the last unit of product from a given area. It has been inferred from this thesis that the price of the product depends entirely on the cost of labour and capital namely, on the marginal use of capital and labour on a given land and that, therefore, the scarcity of land provides no exception to the general rule that prices of products are determined by the cost of labour and capital.9 This theory culminated in Ricardo’s famous thesis that rent is not an element of the cost of production or the price of the product.


This would put land in a special position as a factor of production, and a basis is thus provided for a differentiation between rent and the price of the other factors of production. As a result, the whole of theoretical economics is affected, as a result perhaps most clearly seen in Marshall’s work.10 Marshall regards as cost, in the real sense, only the ‘effort and sacrifices’ that are required for production, and as monetary cost of production only the price which must be paid to elicit the requisite amount of these efforts and sacrifices. Of the factors of production, labour and capital alone represent the outcome of efforts and sacrifices. Hence, these alone can be taken into account in calculating the cost of production. The price of the use of land is excluded by the very definition of cost.


With this starting point, the theory of the pricing of the factors of production is bound to assume, on the one hand, that the supply of labour and capital really depends upon the prices that are offered for the relevant effort and sacrifice and rise with the prices. On the other hand, ‘on the margin’ no price need be paid for the use of land, and, therefore, the price of the product at this margin equals the cost of labour and capital.


Marshall’s position is the same as Ricardo’s. He believes that mine royalties are both compensation for the mineral removed and economic rent: ‘A royalty is not a rent, though often so called. For except when mines, quarries, etc. are particularly inexhaustible, the excess of their income over their direct outgoings has to be regarded, in part at least, as the price got by the sale of stored up goods-stored up by nature indeed but now treated as private property.’11 Marshall, operating with the fiction of the stationary state, applies this procedure to the study of the influences exerted by the elements of time on the relationships between cost of production and value, and then contrasts the results obtained with those found in a dynamic world.


The whole of Marshall’s system is an attempt to dispense with the principle of scarcity, or, in other words, to reject scarcity as a determining factor of price. Only because of Marshall’s special assumptions, scarcity does not appear externally in the pricing process although it naturally always lies at the root of all the processes of pricing as a general regulator.


Such a treatment of pricing problems may not be satisfactory, especially where limited natural resources are involved. The theory must acknowledge the fundamental position of the principle of scarcity. In a stationary state, cost of production would govern value; there would be no reflex influence of demand, and normal price (i.e., Smith’s natural price) would never vary. The period of mineral withdrawal (ore from a mine, for instance) is not settled in advance by technical factors. Even the limitation of quantities available to us in a certain period is not absolute; it is, to some extent, determined by prices. Shortening the period of use will have the advantage of securing the price of sale earlier, and this amounts to a saving of interest.


In an economy based upon private enterprise, the rate of current use is affected by future markets. Increasing scarcity of natural materials will lead to a rise in their future prices. If the expected advance in prices is large enough and near enough to the present value, the mine owner will restrict the output and so raise the present price. Thus, future scarcity affects prices at once; it actually has an important influence on the whole price trajectory. Marshall has hinted at secular price movements.12 He attributes these to the growth of knowledge, population, and capital as this takes place over generations and affects conditions of demand and supply. Thus, one may say that Marshall was aware of the problem, but only hinted at the results.


The Basic Formulation of the Optimal Utilization


Theory of Exhaustible Resources


Until the early part of the twentieth century, economists had not offered a systematic theoretical framework to explain the optimal utilization of exhaustible natural resources. The recognized tools for dealing with the problem existed, but the proper framework was missing. It is the purpose of this section to explore the introduction and development of the basic formulation of the economic theory of exhaustible resources.


The Gray Model


In a pioneering work published in 1914, Lewis C. Gray raised the question of why rent must be a payment for an original and indestructible property in order to be rent. After he rejected the assumption of indestructibility as a necessary condition for separating rent from other forms of income, he proceeded to develop his model of optimal use and price of exhaustible resources.


Gray questioned the foundation of an imperishable basis of rent: ‘There is no conceivable basis which might not lose its utility and, therefore, its ability to yield a rent. A change in social demand may cause even the property of extension to lose the ability to yield a rent.’13 Moreover, it is impossible to separate the share of the indestructible elements in the net return from that of the exhaustible elements. When the elements which are exhausted in the process are economically replaceable, the expense of replacement determines the value of the exhausted elements; the remainder of the total surplus may be considered the rent of the inexhaustible properties.


However, in many cases, it is not possible to isolate the returns assignable to the indestructible elements. In the case of mines, for instance, it is impossible to separate the value of the inexhaustible properties. It is easy to determine how much the capital value of a coal mine is reduced by the process of use, and this is nothing but the present value of total rent due from the resource use. Thus, rent here consists of two indistinguishable elements: toe return for the coal used up and the return for the site value. In the case of agricultural land, a similar impossibility exists, when it is more profitable to exploit the soil than to conserve it.


Thus, under the Ricardian assumption, rent applies only to a small part of natural objects and, moreover, it is usually impossible to distinguish rent from the income of exhaustible elements. These factors, according to Gray, appear to justify a modification in the Ricardian theory of rent, in such a way as to avoid the necessity that rent is paid only for the indestructible qualities of the soil. If there is no extra expense to be incurred to prevent exhaustion, then the process of restoration is merely incidental to the process of optimal utilization and thus the Ricardian theory is not invalidated by the assumption of exhaustion. On the other hand, if it is impossible or unprofitable to prevent exhaustion then a considerable readjustment of the rent doctrine is needed for the determination of the optimal value and use of exhaustible resources.


The owner of a valuable mineral deposit-coal, for instance-desires the maximum present benefit from the limited supply which he owns. He is anxious to enjoy his surplus-above the expenses of removal as soon as possible. Were it possible to remove all of the mine content in the present as cheaply as over a period of time, the owner would most certainly do so. This is true because the proceeds from the sale of the product could be lent at interest, whereas the mineral yields no interest so long as it remains unsold. It is assumed, of course, that no changes in the price of the product are anticipated.


The owner is prevented, however, from the immediate appropriation of the entire valuable content because the removal of the product is subject to the law of diminishing productivity.14 After a certain rate of removal is achieved, an increase will result in a smaller return per unit of outlay. The additional coal will be removed at a higher unit cost, and the average net return per unit thus will decline. Postponing the extraction of this extra coal yields a minimum total and average cost (AC). In short, there is a continual conflict between the motives of future appropriation and the motives of present appropriation. If the rate of interest is high, the postponement of removal becomes less profitable than would be the case under a lower rate of interest. Thus, the general effect of a high rate of interest, other things being equal, is rapid exploitation, whereas a lower interest rate makes a policy of conservation more profitable to the owner.


If the price is rising and the prospect is that the rise will continue, the owner of the mine will find it to his interest not to take out much coal at the moment. This is true because the resources at his disposal are limited. This condition would not exist if the basis of income were perpetual. Thus, whether or not the mine owner will increase or decrease his supplies depends on a number of conditions, the most important being the rate of interest, the law of diminishing productivity and the anticipated prices.


According to the Ricardian theory of rent, the landowner will find it to his interest to add units of labour and capital to a given surface of land up to the point where the last unit applied just equals the product which might be derived from marginal land. In familiar terminology, labour and capital are added up to the intensive margin of cultivation, that is, MC = MR. This will yield the maximum rental to the landowner under the given conditions.


The exhaustibility of natural resources, however, dictates a different course. The owner of the mine may well hesitate to proceed beyond the point of maximum average return per unit of expense. At this rate of removal the average net return per ton of coal is a maximum, since the average cost of removal per ton is a minimum.


A further utilization results in a diminishing product per unit of expense and, therefore, a diminishing average net return per ton of coal. If the mine owner is influenced by no other consideration, his interest would demand that no more coal be removed at any time than can be removed at a minimum average cost per ton. If there is no cost in waiting, he can postpone the removal of coal over and above that amount which can be removed at a minimum average cost per ton. A rational mine owner, however, will discount his future return and equate his marginal net return at each point over the whole period of operation. This is implied by his desire to maximize the present value of his net return, i.e., rent.


Thus, the competitive mine operator is faced with the problem of determining the mine’s output schedule so that each period’s marginal net return (P-MC), at the present value, equals the marginal net return of the other periods. It is necessary for-profit maximization that the marginal net return be the same in every year of the mine’s life; otherwise, profits could be increased by shifting output from one year to another.


Figure 1.1 shows the relationship between price, marginal cost (MC), average cost, and annual production over the periods of mine operation – all in terms of present value. The price level of each period is shorter than the previous one because of discounting.


As Figure 1.1 shows, the mine operator stretches output over years one, two, three, and so on in such a way as to leave the present values of marginal net revenue of each year equal to the present value of the maximum average net return in the extensive margin q3, i.e., output in the last year. So,


q1 + q2 + q3 ≤ Q


It would not pay to transfer any output to the fourth year unless the contents of the mine were somewhat greater than (q1 + q2 + q3) units. In other words, it would not be profitable unless the present value of marginal net revenue, adjusted to a three-year period of operation, is less than the present value of the maximum average net return in the fourth year.


[image: image]


Figure 1.1 The Gray Model


To summarize, Gray emphasizes the concept of rent as a surplus over operation costs, the maximization of this surplus over time will retard output by raising marginal cost. Thus, rent is a part of the product price.


The optimal rate of output is a balance between time preference as determined by the interest rate and increasing costs that accompany the rise in the rate of production. In the case of constant cost, a higher product price will increase rent. As Gray puts it, the extra future rent must be waited for, and its discounted present value is less than the undiscounted value of its present alternative. Therefore, anything raising the rent of mines by a given absolute amount in both the present and future makes present withdrawal more attractive relative to the future.


The Hoteling Model


Eighteen years after Gray’s work in 1914, Harold Hoteling’s article of 1931, ‘The Economics of Exhaustible Resources’, provided a more precise treatment of the subject.15 He gave a more precise definition of exhaustion, developed a mathematical analytical framework, and outlined the analysis of several basic cases.


The problem of optimal utilization of exhaustible assets, where the indefinite maintenance of a steady rate of production is a physical impossibility and, therefore, is bound to decline, does not fit into the static equilibrium domain. (Dynamic) time economics is the adequate frame of analysis. Hoteling restricted his analysis to the case of absolutely irreplaceable assets. The owner of an exhaustible supply wishes to maximize the present value of all his future profits. The interest rate is assumed to remain constant, Using Hoteling’s framework, I will first show the simple model of a constant-cost mining firm under both competition and monopoly conditions. Then cost will be relaxed to vary over time, thus leading to the model where cumulative output influences net return and price.


The Mining Firm in Competition


If K is the fixed available supply of resources, then the rate of production q (t) over the time period from 0–T, in which the firm operates, cannot exceed K.


[image: image]


Exhaustion occurs when cumulative production equals physical supply. The pure theory of exhaustion instructs firms on the most profitable output pattern to adopt if it is desirable, eventually, to produce the entire physical supply. The profit on present output may have a lower present value than that of the lost future output. Thus, a firm may have to restrict output and sacrifice current profits to obtain more valuable future output. The firm, therefore, will produce an output for which the marginal production costs are below marginal revenues. If future market conditions are particularly favourable, firms may find it optimal not to produce anything at present. The relevant rules are derived by maximizing present profit value, subject to (1) as a constraint:


[image: image]


V: The present value of total profit


π : Total profit = Revenue (R) − Cost (C)


π = R – C


t: Time; q (t): Output; r: Rate of interest;


λ : Lagrangean multiplier


Differentiating with, respect to q (t):


[image: image]


By appropriate substitution and rearrangement, the solution becomes:


[image: image]


where


M π (t) is the marginal profit at t


MR (t) is the marginal revenue at t


MC (t) is the marginal cost at t


The conventional second-order conditions for maximization also apply.


Thus


[image: image]


In addition, differentiation with respect to the Lagrangean multiplier gives us the constraint as another equilibrium condition. With pure competition, price equals marginal revenue, i.e., P = MR, So (4) becomes:


[image: image]


with constant cost this reduces further to:


[image: image]


Thus, from equations (4–6), it is clear that the optimal production pattern is not determined at the level where MC = MR (i.e., the simple version of the classic theory of production), but rather at the level where marginal revenue exceeds marginal cost by λe rt, So, in a competitive model profit maximization implies an output rate, over time, consistent with the following optimal marginal profit trajectory:16


[image: image]


Equation (7) shows r per cent rate of growth in marginal profit.


Private and Social Maximizing


Under conditions of competition, a private owner of a resource, wishing to maximize the present value of profit per unit of his product, will view price as a function of time of the form:


[image: image]


where e−rt represents the discount factor which, determines the present value of an amount to he obtained after time, t, assuming an interest rate, r. This indicates an indifference between receiving (P0) now or (P0 e rt) after time, t; the rate of extraction is thus determined by the force of interest. So, if the quantity produced is a function of price (P) and time (t), then:


[image: image]


The upper limit T is a time of final exhaustion. Since q will then he zero, T is determined by:


[image: image]


Let U be the social function of the quantity placed in the marked and consumed, and p the unit price. The maximum social value of the resource, as defined by Hoteling, is given by a production path q (t) which maximizes:


[image: image]


Discounting future enjoyment by an interest rate, r the present value is


[image: image]


From a given stock (K) of the resource, the production schedule q (t) that will maximize V must have the property that allows an increment in q to increase (p ∙ q) as much at one time as at another or:


[image: image]


where A is constant. From 12 we have


d / dq (p ∙ q) t e−rt = pe−rt


If we let A = p0 then the condition of welfare maximization in (13) can be rewritten as:


[image: image]


which is the same as equation (8), the condition of private net return maximization. Thus, Hoteling sees no conflict between private and social maximizing in a competitive market structure, given his definition of the social function.


[image: image]


Figure 1.2 Price Over Time in a Competitive Firm


Figure 1.2 will simplify the previous case; (1.2a) shows the industry demand curve:


P0, q0: The initial equilibrium price and quantity demanded, respectively.


At (K): The quantity demanded vanishes to zero.


R: In (1.2b), the firm price curve over time.


C: The constant cost of production.


T: The span of time over which complete exhaustion takes place.


From Figure 1.2b, it is clear that:


Pt = Mπt + MCt


where:


MC (t) = AC (t) = C


and thus:


Mπ (t) = Mπ (0) e rt


Thus, marginal profit rises at the rate r over the period T.


The Mining Firm under Monopoly Conditions


In the case previously described, the firm was acting as a price taker. In the case to be discussed, the firm is a monopolistic price setter. The monopolistic pricing problem deals with the maximum point in the total profit function:


[image: image]


where Y is the total profit and P is the average net price (i.e., net return) per unit of q. Total profit is a function of either P or q, where each of these variables is a diminishing function of the other. The monopolist also wants to maximize the present value of his profit function:
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Subject to:
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the Lagrangean function of the constrained maximization problem for each point in time is:


[image: image]


This has to be a maximum for every value of t. Thus, differentiating with respect to q yields:


[image: image]


This expression requires the equality of marginal profit for every value of t over the whole period of operation. The second-order condition for maximization requires:


[image: image]


which implies a diminishing marginal net return. Evidently, (19) may be written as:


[image: image]


In the case of competition, q dP / dq = 0 and thus marginal profit equals:


[image: image]


So, in the case of a monopoly, price will be higher and annual depletion will be lower, which implies a longer period of utilization.


In the case of competition, Hoteling finds no conflict between private and social interest maximization from a given depletable resource; both should lead to an optimal utilization of the stock. But in the case of monopoly, he believes that a monopolistic utilization of the given resources may lead to a less than maximum social return.


The Case of Variable Cost over Time


In the previous analysis, profits were a function only of q(t), the rate of output – either constant or rising cost. In other words, past production does not influence current profits. However, differences in operational costs may arise within a firm. For example, natural gas dissolved in crude oil exerts pressure that forces the oil to the surface. As production proceeds, the pressure drops and the well produces less, thus raising the unit cost of production.


In the case of metal mining, costs may rise because the firm must turn to lower grade ores or more distant deposits. Demand may be affected by accumulation or by competition from scrap. In all these cases, cumulative output lowers marginal profits.


Let:
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where X (t) is the cumulative production up to t.


Then:


q (t) = X dX / dt


Therefore, the present value of the mine owner’s total profit to be maximized is:
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subject to:
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Thus, the constrained present value function is:


[image: image]


The necessary condition for maximization is determined by the use of the Euler equation of the calculus of variation. For the maximization of (profit), the Euler equation requires:


[image: image]


In the case where [image: image] does not affect profit rates, the second term on the equation vanishes and the rule of maximization is reduced ∂π / ∂q = 0


In the case at hand, where the function explicitly involves [image: image], the (d / dt) (∂π / ∂[image: image]) term of the Euler equation no longer vanishes; the new maximizing condition is then:


[image: image]


By changing terms and eliminating the discount factor e −rt, from both sides we have:


[image: image]


The Lagrangean multiplier has disappeared upon differentiation. This equation represents an equality between the marginal profit (here negative profit) on the left-hand side of the equation and user-cost on the other side.17


The Contemporary Development of the Theory


User Cost and the Optimal Rate of Depletion


Most of the contemporary writing on the subject is more or less an extension and refinement of the Gray Hoteling model. In an attempt to generalize the constant cost version of Hoteling’s work, A. T. Scott presented the model with the assumption of rising cost (Figure 1.3).18 However, he retained Marshall’s assumption that the cost curve of extraction does not shift in response to the cumulative amount that already has been extracted. Scott also assumes:


1.The contents in the mine are completely known and of uniform quality.


2.The owner invests, borrows, and lends at the same rate of interest r.


3.Complete certainty.


4.The price is fixed and unchanging through time. In this structure of the model, which is actually the same as Gray’s model, Scott introduced the concept of user cost, and shows that there is a general tendency to ‘tilt production’ to the present among mine operators in the process of maximizing the present value of their profit from the mine’s content, in spite of constant conditions.


The least unit cost position, A, on the cost curve (Figure 1.3) indicates the rate of maximum current profit per ton extracted, whereas the intersection of the marginal cost curve with the marginal revenue per ton line, B, indicates the rate of maximum profit per period. To get the maximum total profit obtainable from exhausting the mine, the mine owner will choose a lower annual rate of extraction than B. His chosen rate will be at A.


[image: image]


Figure 1.3 Rising Cost of Output


But since his aim is to maximize the present value of his assets, this means that he must discount all future profits. The longer a profit is delayed, the smaller its present value. Therefore, any rate of interest above zero will tend to induce him to shorten the life of his mine. This will imply an increase in the rate of extraction per period from A and towards B, the rate of maximum profit per period.


The rate of extraction cannot exceed B; to do so would be to reduce both the profit in each period and the number of periods. Thus, the optimal rate of output must lie between A and B (see Figure 1.4).


The mine owner may decide on a rate different from the least cost rate B, just as will his fellow capitalist in manufacturing. But the miner has an extra variable in addition to the rate of output. This is the programme or profile of rates over time. The user cost of a unit of output is defined here as the present value of the future profit foregone by a decision to produce a unit of output today. On the margin, the user cost can be derived from the addition to total future profits of the opportunity to mine a unit of output then (i.e., the opportunity cost of consuming raw material). Given the assumptions postulated here, we have for each mine a sequence of identical profit curves – a quitrent as Marshall called it (see Figure 1.3c).


The slope of the profit curves measures the extra profit in a given period from an additional unit of output – or increase in the rate of output. Thus, the marginal user cost of the present is the slope of future profit curves discounted to the present.


Scott used this method to determine current optimum rate of output ([image: image]) (Figure 1.5). TP is the total profit curve and UC is the total user cost curve, which indicates, for each rate of output today, the total present value sacrificed by allocating that total amount of output to the present instead of the future.


[image: image]


Figure 1.4 The Boundaries of the Optimum Rate of Output


[image: image]


Figure 1.5 Optimum Rate of Output


The user cost curve will have two sources of influence on current output decisions; the total influence and the marginal influence. The user cost curve will lie above the present profit curve if the future discounted profit that is prevented by present production is higher than present profits. So, the present production is inadvisable. This is the total effect (see Figure 1.6).


If the user cost is less than today’s profits, only the marginal effect is important. The height of the curve does not matter; only its slope – the marginal sacrificed profits in present value or marginal user cost – is important.


When the user cost curve has a steeper slope, a user cost greater than marginal profit is implied and thus the rate of output should be diminished to maximize the present value profits. If the user cost is of a lesser slope, current rate of output should increase. When the slopes are equal – that is, when marginal user cost equals marginal net return – no reallocation between present and future can increase present value profits in the short run.


[image: image]


Figure 1.6 Total Effect of User Cost on Current Output Decisions


For an algebraic treatment let U be the user cost; R, total revenue; C, total cost; and r, the rate of interest. Then:


πt1 = (Rt1 – Ct1) (1)


is the present profit per unit of output at t1;


[image: image]


is the marginal profit at t2. The marginal user cost of present output, i.e., t1 (U2mt1) equals the maximum present value of profit obtainable from marginal production at


[image: image]


Thus, the condition for the maximum current production contribution to the present value of the miner’s profit is:


[image: image]


Rmt1 is the marginal return at t1, and Cmt1 is the marginal cost at the same time. That is, the marginal profit equals marginal user cost. Rearranging (4) yields:


[image: image]


given that Rt1 − Ct1 = Ut1 Thus, at the optimal current rate of production, marginal revenue equals marginal production cost plus marginal user cost.


Scott argues that the traditionally accepted practice among economists and planners of using a constant rate of output as a good approximation for planning mineral output programmes is misleading.19 Rather, he argues, the mine managers will always tilt the rate of production to the present as time goes by. Let us designate such a planning rate by C in Figure 1.7 (i.e., any point between A and B).


A reduction in the rate of output from C or any point between A and B implies a greater marginal profit relative to marginal cost. That is to say the slope of the user cost curve is flatter than the slope of the profit curve to the left of today’s rate of output. Scott cited two reasons for that:


[image: image]


Figure 1.7 Equating the Marginal User Cost and Marginal Profit


1.Assume that at C profits curves of all periods (assumed to be identical) can be approximated by straight lines for small changes in rate. Then for a small left ward change in today’s profit, the loss is just balanced by future undiscounted gain. When future gains are discounted, they must be smaller than the present losses. Thus, the marginal user cost is smaller than the marginal present loss of profit. In other words, the user cost curve slope is flatter than the current profit slope.


2.Scott replaced the linear, assumption with the more realistic one, where profit curves are concave downward in the relevant region. Then a reduction in the current rate of output implies a greater loss in present profits, even before future profits are discounted. Thus, the user cost is, after discounting, even flatter than in the linear case.


This conclusion implies that a reduction in the current rate below C is not warranted. As for increasing the rate of output over C, a movement to the neighbourhood of C in the linear assumption, the discounted marginal user cost will be less than the present marginal profit. Thus, an increase in the rate output from C is warranted. But the extent of this increase is restricted by the curvature of the profit curves. The slope of the user cost curve will get steeper and that of the total profit curve flatter as the rate of output increases. The slopes will soon approach equality – point D on Figure 1.7.


Therefore, the extent of the justified increase in present output over C depends positively on the interest rate and negatively on the concavity of the profit curve around the tentatively chosen rate, r. So, the output programme will be shifted in favour of the present – the extent of the shift depending on the total force of discounting identical future profits and the curvature or flexibility of profit curves. Ex post tilting will proceed further than a single shift in a single period. After the first period has passed and reserves are smaller than they would be if the output of that first period had been only at C, a new tilting will be made. This again will reduce future reserves and, as a consequence, output.


Scott then concluded that the present exposition has merely shown by means of traditional tools that using a constant rate of output as a planning device in resources extraction is wrong. Instead, the mine manager will tilt his production programme continuously to the present, given the assumptions postulated here. Hoteling came up with a similar conclusion but with reference to an anticipated rise in prices, not cost.


It should be noted, however, that if we abandon the restrictive assumption of constant conditions, the cost curves of successive periods will shift, and the identity of profit curves will be destroyed. It is to be expected, therefore, that the result could be either a further tilting or postponement in production.


The Industry Model – A Static Equilibrium


To show the result of various changes induced by various changes in the industry equilibrium level, Orris C. Herfindahl utilized the technique of static equilibrium analysis. He regarded the technique as enormously useful in thinking about and working of all industries, including the mineral industries.20


He assumes constant cost and present future demand unless otherwise specified; constant technology over time; and full certainty. Herfindahl, like Scott, gives the central role in his analysis to the net return from the natural resources input, but where Scott and Gray call it rent or profit he calls it royalty. To avoid confusion, I will continue to use the terms profit or net return.


Herfindahl’s analysis is actually a refinement and simplification of the Hoteling competitive industry model with constant cost firms.


The Basic Model


All deposits are known, current cost is constant, and the quantity demanded vanishes to zero as price reaches some finite level (Figure 1.8).


The role of price in this model is to induce production so that, at each, point in demand, market is clear, i.e., excess demand is zero. The principle of profit maximization implies that the net return is the same for all the periods. Thus, the present value of profit at different points in time must be the same. Therefore:


[image: image]


Ptj: Price at period j per unit of metal.


Pti: Price at period i per unit of metal.


C: Cost per unit of metal.


Under competitive conditions, the profit (πt) per unit of output equals price minus cost (P−C). Thus, profit (or rent), which is the price of the metal in the ground, will rise at the rate of interest, r:


[image: image]


So, the price of metal in the market at any time is:


[image: image]


It should be noted that Pt does not rise at the rate of r per unit of time; rather, the relative rate of increase in Pt approaches r as Pt becomes large in relation to C. If participants in the market anticipate the future correctly, the initial price P0 (Figure 1.8) will yield a total industry production of 0B per year. As price rises, production and sales decrease until PT = OK, quantity demanded and produced vanishes to zero, and all the deposits will be used up.


[image: image]


Figure 1.8 Industry Basic Model


A lower initial equilibrium price level will lead to exhaustion before the maximum price buyers are willing to pay, OK, is reached. On the other hand, a higher initial price level will not lead to full exhaustion of the deposits.


Change in the Rate of Interest


If r is decreased to r1 (Figure 1.9a) and everything else is the same, the price will be lower at each point in time than in the initial situation. Thus, quantity demanded and produced will be higher and the deposits would be exhausted before the maximum price, OK, is reached, say at T.


If the maximum price is not to be reached before exhaustion, the initial price, P0, must start at a higher level, say P0, (Figure 1.9b). This will imply that later prices will be lower than the initial equilibrium level. Thus, the new price curves the price trajectory (Figure 1.9b). This will imply that later prices will be lower than the initial equilibrium level. Thus, the new price curves the price trajectory (Figure 1.9b) will cross the first one and the period of exploitation will be greater as indicated by T1. A lower rate of interest makes it less attractive to use up the deposits today; such a rate favours a shift in production and consumption to the future. A higher rate of interest will have the opposite effect; immediate use of the product is more attractive.


[image: image]


Figure 1.9 Change in Interest Rate


Change in Current Cost


A decrease in current cost to C1 while retaining P0 implies a higher price level at all later points in time. This occurs because the initial net return or metal price underground (P0 − C), which increases at the rate of interest, would be large with a reduction in C. This will result in reaching the no sales level of price, OK, before the deposits are exhausted (Figure 1.10a).


To achieve a new equilibrium, point where OK is reached and resources are exhausted at the same time, the initial price level, P0, and thus early prices must be lower, and later prices higher (Figure 1.10b),


[image: image]


Figure 1.10 Change in Current Cost


The new price curve will cross the old one from below. Prices in the early years will not decrease by as much as cost (i.e., the discount effect is minimal in the early years relative to later years). So, cost reduction will affect positively the present value of net returns in the early years more than returns of later years. Hence it pays to shift production to the present.


Change in Demand


Three cases of demand increase will be presented,


a.The quantity demanded as each price increases by a constant percentage, leaving price elasticity of demand the same at each price, i.e., the maximum price, OK, is unchanged (Figure 1.11a). With a rise in demand, D11, the initial price curve will lead to premature exhaustion. The initial price, P0, should rise and, with it, prices, and net return over the whole periods of production. The period of exploitation will be shortened because an equal percentage rise in the quantity demanded each period favours the early years of operations and also because of the discount effect. Hence, it pays to shift production ahead and thus shorten the original period of exhaustion, T.


b.Demand shifts so that price is higher by the same absolute amount at each quantity demanded (Figure 1.11b). The new price line, generated by the upward shift in the demand, will exhaust resources over the same initial period of the time, T0, but the net return will be rising by a rate less than r.21 The new equilibrium price curve will have to start below the new initial price implied by the rise in demand, [image: image], and above the original demand initial price, P0. Thus, prices and net return will be higher than the original price curve, and the period of exhaustion shortened.


c.A shift develops in the demand curve where price is associated with each quantity increase by a constant percentage (Figure 1.11c). The outcome here is exactly like that of case B, which is clear from the figures. Unlike Scott’s model, the expected rise in price here serves as a constraint on unlimited withdrawal rather than rising cost. Nevertheless, Herfindahl does not foresee a future shortage and higher prices of raw materials. On the contrary, he sees future cost reductions bringing into the market large supplies from low-grade ores now sub marginal. The basic position of Herfindahl harmonizes with that of Gray.22
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