






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Nonlinear Pricing and the Rate of Extraction of an Exhaustible

Extraction of an Exhaustible. Resource. There are established bodies of literature that deal with exhaustible resources and with nonlinear pricing. But the two ... 

















 Télécharger le PDF 






 205KB taille
 3 téléchargements
 357 vues






 commentaire





 Report
























116



Chapter 5 Nonlinear Pricing and the Rate of Extraction of an Exhaustible Resource There are established bodies of literature that deal with exhaustible resources and with nonlinear pricing. But the two fields appear never to have been united. There is an obvious reason for this. For most exhaustible resources nonlinear pricing is not possible: it requires both market power and the ability to prevent resale. While there are exhaustible resources extracted by producers with market power (OPEC comes to mind), there are very few such resources where sellers can prevent resale. Natural gas delivered by pipelines is an exception, however. Sellers of piped gas control the pipe network by which resale could most easily be implemented physically. Consequently, nonlinear pricing of natural gas is not only possible, it is frequently observed. Consumers usually pay a monthly fixed fee and a separate tariff per unit of gas consumed. Important articles in the development of the theory of nonlinear pricing include those of Mirrlees (1971), Mirrlees (1976), Spence (1977),Roberts (1979), and Goldman, Leland & Sibley (1984). While Mirrlees was interested in taxation, the inspiration for much subsequent analysis was the pricing of utility services, such as telecommunications or electricity. At first blush it might seem reasonable to apply the standard analysis to another utility service: natural gas. In fact the exhaustibility of natural gas reserves considerably alters the analysis. A decision-maker dealing with a non-exhaustible resource, such as telecommunications or electricity, would like in every time-period to maximize total rents (profit or social surplus depending on the decision-maker). In contrast, a decision-maker dealing with an exhaustible resource seeks to equate the 117
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present value of marginal rents across periods. To deal with exhaustible resources, the literature concerning nonlinear prices must be adapted to examine the behavior of intra-period marginal rents. An application of this new analysis is to revisit the literature on whether a monopolist extracts an exhaustible resource too quickly or too slowly relative to the social optimum. This question was first studied by Hotelling (1931). He found a case in which monopolists excessively conserve resources. Stiglitz (1976) showed that with zero marginal costs and constant elasticity of demand the optimal and monopoly price paths coincide. Others, including Lewis, Matthews & Burness (1979) and Dasgupta & Heal (1979), found cases where, depending on the evolution of the elasticity of demand, a monopolist may extract resources more quickly than optimal. All of these analyses assumed that prices were linear, and gave the result that over the life of the resource a monopolist always extracted resources too quickly or too slowly, but never both. When nonlinear pricing is brought into the analysis we find a case in which a monopolist may extract the resource too slowly when far from the exhaustion date, and too quickly when close to the exhaustion date. We begin the analysis with a brief review of Hotelling’s Rule for optimal extraction of an exhaustible resource. In section 3 we examine the pricing strategy used at a particular instant in time when the decision-maker maximizes social welfare while selling a fixed quantity of the resource. In section 4 we repeat the analysis for the case where the decision-maker uses nonlinear prices to maximize profit. In section 5 we bring together results from the previous sections to compare a monopolist’s rate of extraction with optimal extraction. We conclude in section 6 with some observations on potential extensions. Because natural gas is the most obvious example we will interchangeably refer to an abstract ‘exhaustible resource’ and ‘gas’. The analysis of course applies to any exhaustible resource for which nonlinear pricing is possible.



5.1



Hotelling’s Rule



The use of nonlinear pricing does not affect the basic insight of Hotelling (1931), that optimal extraction of an exhaustible resource equates the present value of marginal rents in different periods. The control instrument is a price schedule, P (x, t), which specifies the marginal price for an x-th unit of gas, sold at time t. Given this price schedule, a particular quantity of gas, Q(P (x, t)), is sold in each period. The decision-maker’s problem is to choose RE RE P (x, t) so as to maximize V = 0 R(Q(·))e−rt dt subject to 0 Q(·)dt = S where R is the optimizer’s intra-period reward function, E is the (unfixed)
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time of exhaustion, r is the interest rate, and S is the known total stock of gas reserves. R(Q(·)) can be interpreted as either firm profit or social welfare, depending on the maximizer’s objective. Provided this problem is concave, the absolute maximum of V can be identified using the first order condition, R0 (Q) = φert , where φ is the multiplier on the gas stocks constraint. Define µ(Q) ≡ R0 (Q) and let a hat over a variable denote the inter-temporal rate of change of the variable. The first order condition implies Hotelling’s Rule, that intra-period marginal rewards increase over time at the rate of interest. µ b≡



∂µ/∂t =r µ



(5.1)



If we know the form of µ(Q), the marginal reward function, Hotelling’s Rule tells us how the stock of reserves should be allocated across time. To examine the marginal reward function under nonlinear pricing we can consider the nonlinear price schedule that would be used to sell a given quantity, Q, at a particular instance in time. When Q is shocked marginally, a new nonlinear price schedule is implied, with a resulting change in the optimizer’s reward at time t.



5.2



Marginal Welfare



We make the following assumptions, in order to analyze the price structure used when the decision-maker maximizes social welfare while selling a specific quantity of gas at a particular point in time. Consumers have marginal valuations for gas given by m(x, θ), where x is the number of units consumed, ¯ with density 1/θ. ¯1 and θ is the consumer’s type, uniformly distributed on [0, θ] Consumers’ demands for gas are unaffected by changes in income. Individual consumers’ demand curves are decreasing in quantity: ∂m < 0. Demand ∂x ∂m curves are ordered by consumer type: ∂θ > 0. The mass of consumers is normalized to unity. The firm has a constant marginal cost of gas extraction, c. We suppose that second-order conditions for maximization are satisfied, giving an internal solution to our problem.2 Finally we suppose that the demand and technology parameters remain constant over time. We suppress ‘t’ in our notation as we are concerned with the price structure at a given instant in time. 1



By re-scaling units of θ, any other distribution may be transformed into the uniform distribution, so we lose no generality with this assumption. 2 Cases of bunching and gaps in the price schedules, due to failure of second order conditions, are considered by Goldman et al. (1984) in the context of non-exhaustible resources.
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Consumers of type θ who buy an x-th unit of gas at price P (x), have marginal valuations of the x-th unit that equals or exceeds the marginal price: ˆ P (x)), m(x, θ) ≥ P (x). At the x-th unit, the marginal consumer type, θ(x, is the consumer type for which marginal valuation is exactly equal to the ˆ = P (x). marginal price: m(x, θ) The number of consumers who purchase an x-th unit of gas at price P (x) ˆ θ. ¯ The total quantity sold is obtained by is given by n(x, P (x)) = (θ¯ − θ)/ R x¯ integrating across the individual x-th units sold: Q(P (x)) = 0 n(x, P (x))dx. The terminal point of the marginal price schedule is given by P (¯ x) = θ¯ − b¯ x, where x¯, is the highest number of units of gas purchased by an individual ¯ consumer (of type θ). The net social welfare obtained at the x-th increment given price schedule R θ¯ ˆ P (x) is given by w(x, P (x)) = θˆ (m(x, θ) − c)/θdθ. Total welfare is given R x¯ by W (P (x)) = 0 w(x, P (x))dx. The welfare maximization problem is: Max R x¯ W (P (x)) subject to Q = 0 n(x, P (x))dx Define F ≡ w(x, P (x)) − µW n(x, P (x)), with µW the Lagrange multiplier on the quantity constraint. At the optimum, the interpretation of µW is the change in social welfare achieved when the quantity constraint is relaxed marginally. That is, µW is the variable we are interested in for purposes of Hotelling’s Rule. Using the calculus of variations, the first order condition of the problem is FP = 0. By the first order condition P (x) = c + µW . In order to sell any given quantity Q, the welfare maximizing price schedule is constant for all x. The efficient way to ration a fixed quantity of a good is with a linear price. The intuition is simple. If the prices at the m-th and n-th increments are different, say PD (m) > PD (n), total welfare can be increased by lowering PD (m) sufficiently to induce one more unit to be sold at the m-th increment, and by correspondingly increasing PD (n) sufficiently to reduce sales at the n-th increment by one unit. This process of transferring individual units of the fixed Q from consumers with lower marginal valuations to consumers with higher marginal valuations can be continued until the price schedule is linear, i.e. constant for all x. To proceed further we need a specific functional form for consumers’ demands. To keep the analysis simple we assume linear demands: consumers have inverse demand curves given by m(x, θ) = θ − bx. The marginal conˆ P (x)) = P (x)+bx. The number of consumers sumer type is thus given by θ(x, ¯ consuming an x-th unit of gas is given by n(x, P (x)) = (θ¯ − P (x) − bx)/θ. Recognizing that price is constant (P (x) = P for all x) allows the terminal ¯ . Substituting this value into the point condition to be expressed as x¯ = θ−P b p ¯ quantity constraint and performing the integration yields P = θ¯ − 2bθQ.
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Marginal welfare is then given by µW (Q) = θ¯ − c −



5.3



p



¯ 2bθQ.



Marginal Profit



We may proceed in a similar fashion to examine the form of the marginal profit function when the decision-maker wishes to set a nonlinear price structure to maximize profit while selling a fixed quantity of gas. We continue with the same assumptions about demand and technology, including the specific functional form for consumers’ demands. R x¯ The firm’s profit is given by: Π(P (x)) = 0 (P (x) − k)n(x, P (x))dx. The R x¯ problem to be examined is thus: Max Π(P (x)) subject to Q = 0 n(x, P (x))dx. Define G(x, P (x)) ≡ (P (x) − c − µπ )n(x, P (x)), where µπ is the Lagrange multiplier on the quantity constraint. Then the solution is characterized by the first order condition, GP = 0, the transversality condition, G|x=¯x = 0, and the quantity constraint. Differentiating G with respect to P (x) to obtain the first order condition, we find P (x) = (θ¯ − bx + c + µπ )/2. Substituting this expression into G and evaluating at x = x¯, we obtain from the transversality condition µπ = θ¯ − b¯ x R− c. Using these two results, the quantity constraint becomes Q = p 2 + 4bθQ ¯ − c. The ¯ x¯ b¯ c (1/2θ) x + c − bx)dx which in turn implies x ¯ = 0 marginal price function expressed q in terms of an arbitrary quantity, Q, is 2 c(b−1) ¯ an affine function with slope − b thus P (x) = θ¯ − bx + − b c + bθQ, 2



2



2



4



2



and an intercept that declines as Q increases. Marginal profit is given by p ¯ µπ (Q) = θ¯ + c(b − 1) − b c2 + 4bθQ.



5.4



Welfare versus Profit Maximization



Figure 5.1 compares the marginal welfare and marginal profit functions derived in sections 3 and 4, for a specific set of parameter values. Defining the ˜ ≡ c¯2 22b 2 , in general there are four cases: critical value Q θ (2b −1) • for Q = 0, λW (Q) = λπ (Q) ˜ λW (Q) < λπ (Q) • for 0 < Q < Q, ˜ λW (Q) = λπ (Q) • for Q = Q, ˜ λW (Q) > λπ (Q) • for Q > Q,



122



CHAPTER 5. NONLINEAR PRICING



5



4



3



Marginal Profit



2



1



Marginal Welfare



0



QW Q



~ Q



-1



Figure 5.1: Marginal Rents under Nonlinear Pricing



Depending on parameter values, there are two special cases occurring at ˜ When Q ˜ = 0, that is, when there are zero marginal extreme values of Q. costs, marginal welfare is always greater than marginal profit: λW (Q) > ˜ is larger than any feasible quantity. λπ (Q), ∀Q > 0. It is also possible that Q ˜ occurs where marginal welfare and marginal profit are less than That is, Q marginal cost. In such cases, marginal welfare is less than marginal welfare for all feasible quantities. For all parameter values marginal welfare and marginal profit are equal at Q = 0. That is, when the stock of resources is finally exhausted, the marginal reward earned on the final unit of gas stocks will be the same under welfare and profit maximization. Under Hotelling’s Rule marginal rewards increase over time at the rate of interest. Marginal welfare under welfare maximization and marginal profit under profit maximization have the same values at the exhaustion date, E. It follows that at any time τ periods before exhaustion, E − τ , marginal welfare under welfare maximization should have the same value as marginal π π profit under profit maximization: λW (QW E−τ ) = λ (QE−τ ). ˜ Thus, close to exhaustion, when τ , QW and Qπ are small (i.e. less than Q), the quantity sold under welfare maximization is smaller than the quantity
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π sold under profit maximization: QW E−τ < QE−τ for τ small. This case is illustrated in Figure 5.1. Far from the exhaustion date, when τ , QW and Qπ are large, the quantity sold under welfare maximization is greater than the π quantity sold under profit maximization: QW E−τ > QE−τ for τ large.



5.5



Conclusion



To determine the optimal rate of extraction of an exhaustible resource it is necessary to know the form of the decision-maker’s intra-period marginal reward function. Hotelling’s Rule then determines the allocations of quantities across time. The intra-period problem is to take this allocated quantity and derive the maximum reward. The application of this quantity constraint alters the standard calculation of optimal nonlinear pricing. Using a specific functional form for heterogeneous consumer demands we have found a case in which far from exhaustion, a monopolist using non-linear pricing over-conserves reserves. Close to the exhaustion date the monopolist under-conserves reserves. There are many possible extensions of this analysis. Different functional forms of demand could be explored, and consideration could be given to the case where demand and technology parameters evolve with time. Following the literature on exhaustible resources the analysis could be extended to cases where the extent of reserves are uncertain, or new reserves are discovered. The extension with perhaps the most practical interest, however, is to see how exhaustibility of natural gas reserves affects optimal regulation. Gas regulators have typically drawn upon experience from electricity or telecommunications pricing when establishing non-linear pricing schedules. Our analysis suggests that exhaustibility of gas reserves implies quite different pricing strategies. In particular, exhaustibility implies that to maximize social welfare the price of delivered gas should be linear in each period. Most observed regulatory policies permit nonlinear pricing as the supposedly least inefficient means of covering fixed costs, particularly the fixed costs of transportation pipelines. But under Hotelling’s Rule, even under welfare maximization, the firm extracting the resource earns positive rents. It seems possible that these rents could be exploited to cover fixed costs, leaving no requirement for regulators to use nonlinear pricing in the intra-period problem.
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