Foundations of the Net Present Value Rule 

Figure 2-1 illustrates the problem of choosing between spending today and spending in the future. Assume that you have a cash inflow of B today and F in a year's time. Unless you have some way of storing or anticipating income, you will be compelled to consume it as it arrives. This could be inconvenient or worse. If the bulk of your cash flow is received next year, the result could be hunger now and gluttony later. This is where the capital market comes in. It allows the transfer of wealth across time, so that you can eat moderately both this year and next. 

The capital market is simply a market where people trade between dollars today and dollars in the future. The downward-sloping line in Figure 2-1 represents the rate of exchange in the capital market between today's dollars and next year's dollars; its slope is 1 + r, where r denotes the 1-year rate of interest. By lending all your present cash flow, you could increase your future consumption by (1 + r)B or FH. Alternatively, by borrowing against your future cash flow, you could increase your present consumption by F/(1 + r) or BD. 

Let us put some numbers into our example. Suppose that your prospects are as follows:

	Cash on Hand: 
	B = $20,000

	Cash to be received 1 year from now 
	F = $25,000



If you do not want to consume anything today, you can invest $20,000 in the capital market at, say, 7 percent. The rate of exchange between dollars next year and dollars today is 1.07: This is the slope of the line in Figure 2-1. If you invest $20,000 at 7 percent, you will obtain $20,000 x 1.07 = $21,400. Of course, you also have $25,000 coming in a year from now, so you will end up with $46,400. This is point H in Figure 2-1. 

What if you want to cash in the $25,000 future payment and spend everything today on some ephemeral frolic? You can do so by borrowing in the capital market. The present value formula tells us how much investors would give you today in return for the promise of $25,000 next year: 
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This is the distance BD. The total present value of the current and future cash flows (point D in the future) is found by adding this year's flow:
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Figure 2-1 

This is formula that we used before to calculate net present value (except that in this case C0 is positive). 

What if you cash in but then change your mind and want to consume next year? Can you get back to point H? Of course -- just invest the net present value at 7 percent: 

Future value = 43,364 x 1.07 = $46,400 

As a matter of fact, you can end up anywhere on the straight line connecting D and H depending on how much of the $43,364 current wealth you choose to invest. Figure 2-1 is actually a graphical representation of the link between present and future value. 

How the Capital Market Helps to Smooth Consumption Patterns 

Few of us save all our current cash flow or borrow fully against our future cash flow. We try to achieve a balance between present and future consumption. But there is no reason to expect that the best balance for one person is best for another. 

Suppose, for example, that you have a prodigal disposition and favor present over future consumption. Your preferred pattern might be indicated by Figure 2-2: You choose to borrow BC against future cash flow and consume C today. Next year you are obliged to repay EF and, therefore, can consume only E. By contrast, if you have a more miserly streak, you might prefer the policy shown in Figure 2-3: You consume A today and lend the balance AB. In a year's time you receive a repayment of FG and are therefore able to indulge in consumption of G.1 

Figure 2-2 

Both the miser and the prodigal can choose to spend cash only as it is received, but in these examples both prefer to do otherwise. By opening up borrowing and lending opportunities, the capital market removes the obligation to match consumption and cash flow. 

Figure 2-3 

Now We Introduce Productive Opportunities 

In practice individuals are not limited to investing in capital market securities: They may also acquire plant, machinery, and other real assets. Thus, in addition to plotting the returns from buying securities, we can also plot an investment-opportunities line which shows the returns from buying real assets. The return on the "best" project may well be substantially higher than returns in the capital market, so that the investment-opportunities line may be initially very steep. But, unless the individual is a bottomless pit of inspiration, the line will become progressively flatter. This is illustrated in Figure 2-4, where the first $10,000 of investment produces a subsequent cash flow of $20,000, whereas the next $10,000 offers a cash flow of only $15,000. In the jargon of economics, there is a declining marginal return on capital. 

We can now return to our hypothetical example and inquire how your welfare would be affected by the possibility of investing in real assets. The solution is illustrated in Figure 2-5. To keep our diagram simple, we shall assume that you have maximum initial resources of D. Part of this may come from borrowing against future cash flow; but we do not have to worry about that, because, as we have seen, the amount D can always be deployed into future income. If you choose to invest any part of this sum in the capital market, you can attain any point along the line DH. 

Now let us introduce investment in real assets by supposing that you can retain J of your initial resources and invest the balance JD in plant and machinery. We can see from the curved investment-opportunities line that such an investment would produce a future cash flow of G. This is all very well, but maybe you do not want to consume J today and G tomorrow. Fortunately you can use the capital market to adjust your spending pattern as you choose. By investing the whole of J in the capital market, you can increase future income by GM. Alternatively, by borrowing against your entire future earnings of G, you can increase present income by JK. In other words, by both investing JD in real assets and borrowing or lending in the capital market, you can obtain any point along the line KM. Regardless of whether you are a prodigal or a miser, you have more to spend either today or next year than if you invest only in real assets (i.e., choose a point along the curve DL). 

Figure 2-4 


Figure 2-5 

Let us look more closely at the investment in real assets. The maximum sum that could be realized today from the investment's future cash flow is JK. This is the investment's present value. Its cost is JD, and the difference between its present value and its cost is DK. This is its net present value. Net present value is the addition to your resources from investing in real assets. 

Investing the amount JD is a smart move—it makes you better off. In fact it is the smartest possible move. We can see why if we look at Figure 2-6. If you invest JD in real assets, the net present value is DK. If you invest, say, ND in real assets, the net present value declines to DP. In fact investing either more or less than JD in real assets must reduce net present value. 

Notice also that by investing JD, you have invested up to the point at which the investment-opportunities line just touches and has the same slope as the interest-rate line. Now the slope of the investment-opportunities line represents the return on the marginal investment, so that JD is the point at which the return on the marginal investment is exactly equal to the rate of interest. In other words, you will maximize your wealth if you invest in real assets until the marginal return on investment falls to the rate of interest. Having done that, you will borrow or lend in the capital market until you have achieved the desired balance between consumption today and consumption tomorrow. 

We now have a logical basis for the two equivalent rules that we proposed so casually at the end of Section 2-1. We can restate the rules as follows: 

1. Net present value rule: Invest so as to maximize the net present value of the investment. This is the difference between the discounted, or present, value of the future income and the amount of the initial investment. 

2. Rate-of-return rule: Invest up to the point at which the marginal return on the investment is equal to the rate of return on equivalent investments in the capital market. This is the point of tangency between the interest-rate line and the investment-opportunities line. 

Figure 2-6 

Figure 2-7 

Imperfect Capital Markets 

Suppose that we did not have such a well-functioning capital market. How would this damage our net present value rule? 

As an example, Figure 2-7 shows what happens if the borrowing rate is substantially higher than the lending rate. This means that when you want to turn period-0 dollars into period-1 dollars (i.e., lend), you move up a relatively flat line; when you want to turn period-1 dollars into period-0 dollars (i.e., borrow), you move down a relatively steep line. You can see that would-be borrowers (who must move down the steep line) prefer the company to invest only BD. In contrast, would-be lenders (who must move up the relatively flat line) prefer the company to invest AD. In this case the two groups of shareholders want the manager to use different discount rates. The manager has no simple way to reconcile their differing objectives. 



1 The exact balance between present and future consumption that each individual will choose depends on personal taste. Readers who are familiar with economic theory will recognize that the choice can be represented by superimposing an indifference map for each individual. The preferred combination is the point of tangency between the interest-rate line and the individual's indifference curve. In other words, each individual will borrow or lend until 1 plus the interest rate equals the marginal rate of time preference (i.e., the slope of the indifference curve). 
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