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The resource depletion model: some comparative statics using Excel

1. Introduction

In these simulations, we follow quite closely the resource depletion model examined in Chapter 15, but use a discrete time version. The model there uses a non-linear demand function of the form P(R) = Ke-aR  (Eq. 15.8, page 518). Our baseline simulations use the parameter values K = 100 and a = 0.2. The initial resource stock size is 100, and we examine a 30 year planning horizon. The demand function implies that 

[image: image1.wmf](

)

W

U

R

K

a

e

t

t

T

t

T

aR

=

+

=

+

-

å

å

-

(

)

(

)

(

)

1

1

1

1

0

0

r

r




2. A decrease in the discount rate from 0.1 to 0.05

The initial guess, spreading out the 100 units of the initial stock equally over the 30 year period, is shown in Main (1).
Now copy the sheet Main (1) to Main (2). Then compute the optimised depletion path using Solver. (This has already been done in the Excel file provided, so that you can check; note that Excel SOLVER formulae are visible by pointing to cells D41 or H41 and then calling up SOLVER.) When you have done this, add four new columns to the right of the S, R, W and P columns. These should also be labelled S, R, W and P, but this time they will be generated by formulae using ( = 0.05 rather than 0.1. Use Solver again to optimise the value of W in this new block. Your new spreadsheet should look like that in Main (2). 

Finally, plot together on one line chart the optimal price path for the two discount rates. Check that it looks like that shown in Chart 1. Then look at Figure 15.6 in the text. We have just verified in Excel that the price path will shift in the manner indicated there (except for the direction of the change).

A change in demand

Assuming that the choke price does not alter, a change in demand alters the value of the parameter “a” in the demand function. A lower “a” means a higher demand. Verify that this is true by sketching the function.

The objective of this part of the exercise is to investigate what happens to the resource extraction and price paths as demand falls, first with a moving from 0.2 to 0.35, and then to 0.5. Try and model this yourself using similar techniques to those used earlier in this exercise. If you need any help in doing this, we have an example of the solution in the worksheet “Text model (1)”
Obtain a plot of the three price paths. Verify that the results conform to those shown in Figure 15.9 in the text. 
[Note that we also provide in the workbook another worksheet, Main (3), which models an increase in demand, with “a” changing from 0.2 to 0.1.]
The textbook model in continuous time 

Tables 15.2 and 15.3 in the textbook give analytical expressions for the optimal price and resource extraction paths for the model discussed in the chapter. We can use Excel formulae to generate the values of these expressions for each integer value of t in our spreadsheet programme.

Try to do this for yourself for the parameter values we have been assuming so far in the exercise. A worked solution is given in spreadsheet Text Model (1) if you get stuck. Note that we have also calculated the exact time, T, at which the resource reaches the choke price. Once again, plot the price paths for alternative values of “a” and confirm qualitatively that they correspond to those shown in Figure 15.9. 

FURTHER EXTENSIONS

There are two interesting extensions that warrant attention.

How do we deal with extraction costs? 

Matters are very simple when the cost per unit of resource extraction is a fixed, constant number. 

The modelling exercise is considerably more complex when costs depend on the size of the remaining stock.

What happens when there is a pollution externality?

We deal with these two issues in polcos.xls
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