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The resource depletion model: the effect of extraction costs

1. Introduction

In these simulations, we continue to use the discrete time cake-eating resource depletion model of the kind examined in Chapter 15, section 15.2, and examined in previous spreadsheets in this series (hotel, hotext, and hmodel.xls). The model uses the non-linear demand function of the form P(R) = Ke-aR  (Eq. 15.8). Our optimised baseline simulation without extraction costs, using the parameter values K = 100 and a = 0.2, is given in sheet Main (1) of the Excel workbook polcos.xls.

2. Optimised depletion path with constant marginal extraction costs

We next calculate the optimised depletion path where the marginal extraction cost is constant at c = 25. Results are shown in the sheet Main (2). It is worth looking at the Excel formulae to see the changes required. First, the price term in the resource demand equation (labelled as P2(t)) is now the gross or market price NOT the net price. 

Second, welfare in period t (in the column labelled W(t)) now incorporates an additional term, in which the discounted value of extraction costs are subtracted from utility. (Look at the last component in the Excel formula to confirm this.) We compute the net price, labelled p(t), by subtracting marginal extraction cost from the gross price, P(t). Note that the optimised price path shows net price rising at a constant rate, equal to (, just as Hotelling’s rule says it should. (To facilitate comparison, we have pasted the “without extraction costs” optimised results to the right of the worksheet).

Chart 1 and Chart 2 plot the resource extraction path and the gross price path for the two cases without and with extraction costs. [The labels with the number 2 included include extraction costs]. The results confirm a finding in the textbook that the presence of extraction costs lengthens the time to complete resource depletion.

Confirm for yourself that the results obtained here match up with those given in Section 15.6.5 and with Figures 15.11 and 15.12.

(3)  Extraction paths under competitive and monopolistic markets

The worksheet Main (3) compares the profit-maximising resource depletion paths under competitive and monopolistic markets, for the case in which there are no resource extraction costs.

Note that for the monopoly model, welfare in any period is the (discounted value) of price times quantity extracted. In optimising the net present value of monopoly profits, both price and quantity extracted are viewed by the monopolist as endogenous variables (albeit related through the market demand curve). This is in contrast to a competitive market where each firm is a price-taker, and profits are maximised by choosing quantities extracted only at the given market price.

Chart 3 compares the depletion paths, and correspond to those shown in Figure 15.4, with monopoly depleting more slowly at first, but taking a longer time till complete resource exhaustion.

Main (4) computes the profit maximising depletion path under monopoly with constant marginal extraction costs.

The remaining sheets (Main (5), Chart 4, Chart 4(2), Chart 5 and Figure 1511) are used to generate Figures 15.11 a and b in the textbook.
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