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results in higher fares for all-a tradeoff that most of us, and the poor in 
particular, are probably unwilling to make. 

Finally, ev~n though narrow efficiency criteria may be overidden for 
redistributional reasons in choosing among projects, a benefit-cost analysis 
will highlight the nature of the choice and make explicit the price we pay to 
promote equity. 

Benefit-Cost Analysis in Perspective 

ll We end this discussion by reiterating an initial point: benefit-cost analysis 
is an approach to decision making and not a cut-and-dried formula. Many 
times an understanding of benefit-cost analysis will provide insights into 
public choice problems, even when the techniques themselves are not 
employed. Benefit-cost analysis is a framework for keeping our thinking 
straight in evaluating projects, a framework that demands explicit attention 
to determining the impacts of a proposal and assigning values to these 
impacts. But it is no more than a tool: it cannot provide a ready answer to 
either of these determinations, for they are ultimately matters of judgment. 
It does force the judgments out into the open so that they can be subjected 
to public scrutiny and constructive debate. 

10 The Valuation of Future 
Consequences: Discounting 

Many decisions made today will have repercussions next year and in the 
years thereafter. Some decisions will have effects that stretch for decades. 
Up to now in this volume we have tacitly assumed that all the conse
quences of a policy choice are felt immediately, a simplification that was 
useful for purposes of discussion. At this point we drop it, for it is 
obviously totally unrealistic. We must now find a method for comparing 
the desirability of outcomes that include consequences occurring at differ
ent times in the future. How, for example, should we evaluate proposals to 
support research on fusion power, an energy source unlikely to be 
commercially available until the 21st century? Should we proceed with a 
tidal power project in Passamaquoddy Bay between Maine and New 
Brunswick, which would require a heavy initial expenditure for construc
tion but would produce electric power at a low operating cost for many 
years? How should we value investments in human resources? When we 
assess manpower training programs, for example, we must recognize that 
they provide a stream of benefits and costs stretching into the future. In 
exchange for training expenses and loss of students' earnings while they 
are in training, we hope to provide an individual with the ability to earn 
more for many years into the future. On a more down-to-earth level, how 
should we choose between two techniques for filling potholes? Those filled 
with material .1\ stay filled on average two years. Those filled with more 
expensive material B have a life expectancy roughly twice that long. 

If we are to make difficult choices among actions that yield streams of 
benefits and costs stretching into future years, we must extend the model 
of l.':hoice to enable us to make systematic comparisons between costs and 
benefits that are incurred and realized at different stages in time. Usually 
we arc asked to compare streams of costs and benefits that have been 
converted into dollars. Consider a choice between two proposed projects, 
X and Y. Project Xis built in one year at an initial cost of $10,000. It then 
yields a declining stream of benefits over a five-year period. Project Y 
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1.ai...cs •.wo years to build._ Initially costs are $10,000 in the first period and 
$5000 m the second penod. It then yields a level benefit stream for its 
remaining four-year life span. The complete streams are shown in Table 
10-1. 

Table I0-1 

Year 
Project 0 2 3 4 5 

x -IO +5 +4 +3 y -IO -5 +6 +6 
+2 +! 
+6 +6 

(All figures are in thousands of dollars.) 

Which of these two streams is preferable? Most of us find it hard to 
compare them intuitively. And even if we come up with an ad hoc 
preference in this situation, we can have no confidence that we will make 
consistent choices over many such situations. This choice problem is faced 
r~pcatedly by governments, taxable and nonprofit corporations, and indi
viduals, for all must make decisions that take future costs and benefits into 
a~count.. Consequently it is not surprising that a standard procedure, called 
<~1sco11nt111g, has been developed for handling the matter of valuations over 
time. 

The essence of discounting is that it reduces a stream of costs and/or 
benefits to a s.ingle amount, termed the present l'tilue. by using the method 
of compound rnterest. The calculation of present value is thus a calculation 
of net benefit that takes explicit account of the ti ming of costs and benefits. 
The be~efit-c~st criteria that were developed in the last chapter may then 
be applied, with the term net benefit understood to mean "the present 
value of the discounted stream of net benefits ... 

The basic rationale is this: everyone, under almost any circumstances, 
would prefer $1 now to $I a year from now. A sum of money in hand is 
worth more than a promise of the same sum at a specified time in the 
futu.re, beca.use _the mo~e~ may be invested so as to produce earnings in 
~he_1~tervenmg time. This 1s true whether the money is to be invested by an 
md1v1dual or by a business, or by a government that must raise the 
necessary funds through taxation or borrowing, although to be sure the 
uses for the money will differ. Take the simplest case, that of an individual. 
Suppose Mrs. Robinson is to be paid $JOO a year from now. There is some 
less.er sum that she c~n invest today, for instance by depositing it in a 
savmgs bank, that will accumulate to $100 by the time the year has 
passed. This lesser sum is the present value of the payment a year hence of 
$100. 

!'lot~ c_arefully that we are not saying anything about risk; we assume 
no ns.k is involved here and that Mrs. Robinson's $100 is as certain as 
anything can be. Rather, we are saying that having to wait for payment 
means_ forgoing the income that could be earned on the money in the 
meantime. In other words, waiting carries a cost in the form of a Jost 
opportunity. This is not to suggest that risk should be ignored in analyzing 
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.1 project-far from it-but merely that this is not where it enters the 
analysis. The problem of decision making under conditions of risk and 
1111certainty will be considered later in this book. In the real world, 
1111certainty and pure waiting are often entangled; it is important that we 
understand that they are separate phenomena. 

Although the calculation of present value ordinarily involves flows or 
dollar amounts, the method is applicable to any stream where all the 
tl·tums are measured in the same units. (Thus, we could discount recrea
tion days or acre-feet of water, or additions to food stocks.) We discuss 
below both the actual mechanics of the calculation and the theoretical and 
practical problems that arise in the choice of a discount rate. 

The Mechanics: The Arithmetic of Present Value 

We have just seen that waiting involves an opportunity cost; naturally Lhl· 
question is "How much?" What is the present value of a payment one year 
from now of$ JOO? Clearly it depends on our assumption about what return 
a sum of money invested today will earn over the coming year. Suppose it 
will earn 5 percent; if we invest $100 today, it will accumulate to $ J05 by a 
year from now. If we invest $90 now, we will have $94.50 then. And thcrl' 
is some amount X that we can invest today at 5 percent interest that will 
give us exactly $JOO a year from now: 

or 
X(l + .05) = JOO, 

X = JOO = 95.24. 
1.05 

We say that $95.24 is the present value of $100 payable a year from now al 

an annual discount rate of 5 percent. If the rate that could be earned wcrl' 
10 percent, the present value would be: 

$100 = $90.91. l 
I. IO 

At this point you may ask, "What is this discount rate? It looks like an 
interest rate!" Indeed it does; interest rate and discount rate are different 
names for what is arithmetically the same thing. It is customary, however, 
to use the two terms in different contexts. When we start with a sum of 
money and calculate the earnings on it forward into the future, we speak of 
the interest rate. When we start with a given sum at some time in the futurl' 
and calculate back in time to the present to determine the present value, 
we speak of the discount rate. As far as the arithmetic is concerned it's 
almost a distinction without a difference. We saw in the section 011 

1 For simplicity. we assume an accounting period of one year. The implications of shorlcr 01 

longer periods were discussed in the section on difference equations. 

I f1 
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difference equations that when we compute compound interest we w111t 

S1 = (l + r)S0 

where S1 is the sum of money after one year. r is the rate of interest. :11111 ' 
is the initial sum. When we discount, we simply move the discount f:Klo1 
(1 + r) over to the other side of the equation and write: 

S =~ 0 1 + r 

Although r is still a rate of interest, we now call it the discount rate. 
There is good reason to continue to use both terms. The interest rat«. 

or to be more exact the whole complex of interest rates, including rain 
paid by savings banks on deposits, rates paid by homeowners on thl'11 
mortgages, rates paid by businesses on commercial paper and on long-term 
loans, and rates paid by governments on their debts, is determined in tlw 
capital markets. As far as we are concerned, it is given to us exogenously. 
The discount rate, on the other hand, is deliberately (but not arbitrarilyl 
chosen by the person performing an analysis . He may be making thi' 
choice according to very strict guidelines, and the various interest rate' 
currently available in the market will bear heavily on his choice . Neverthc 
less it is a choice. and a very sensitive one at that, as we shall shortly see. 
Consequently it is useful to preserve the parallel terminology, and you 
should soon find yourself comfortable with it. 

To get back to the main thread of this discussion, it should be clear 
that the general formula for the present value (PV) of a sum of money S1 

payable a year from now, assuming a discount rater, is 

PV =~ 
I + r 

And after all our work on difference equations you should expect the 
present value of a sum S.,. payable n years from now to be 

PV = s. 
(1 + r)" 

This implicitly assumes that if PV0 is the present value today of a future 
payment, and PV1 is what the present value of that payment would be if we 
were to figure it one year hence , then 

PV = PV1 
0 I + r 

In other words, we can treat a present value calculated as of some time in 
the future exactly as if it were a payment occurring at that time. 

Furthermore, we don't care whether the sum is payable to us or by us. 
}t The formula still holds. You might think a little about the implications of 

this. It means that if we owe money, we would prefer to pay later rather 
than sooner. because the later we pay. the less will be the present value of 
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''" .11nount paid. If we are owed money, the opposite will be true. 
1 \lt·mling this idea to public projects , it means that all other things being 
, 1111:.l. we should prefer a project with early benefits and deferred costs to 
11111· where the reverse holds. 

Ordinarily, public projects do not result in a s ingle benefit at some 
111111· in the future. Rather, a stream of costs and benefits is generated over 
11111l'. The present value of such a stream is simply the sum of the present 
\ .1h1l's of the individual items. We may illustrate this with the two projects 
\ .111d Y that were mentioned at the beginning of the chapter. For 

, 1111vcnience, here they are again: 

Table l0-1 

Year 

Project 0 2 3 4 5 

x -JO +5 +4 +3 +2 + I 
y -JO -5 + 6 +6 +6 +6 

(All figures are in thousands of dollars. ) 

We need two pieces of information in order to calculate the present 
values of these projects: ( l) When within each year docs each of these 
payments occur? Clearly it makes a difference whether the payment takes 
place at the beginning or end of each year. 2 We will follow convention in 
assuming that in this case all payments are made at the end of the year. (2) 
More important, what discount rate is appropriate? A later section will 
l'Onsider this choice. For now we will specify several arbitrary discount 
rates and see how they work out. 

Suppose we apply a discount rate of 5 percent. Project X will yield a 
net benefit (in thousands of dollars) of - 10 immediately, and the present 
value of this is simply - IO. At the end of the first year there is an 
additional yield of + 5, with a present value of Sf J.05 = 4. 76. The present 
value of the second year flow of +4 is 4/(1.05)2 = 3.63, and so on. The total 
present value of X, PVx, is 

5 4 3 2 I 
PVx = - lO + I.05 + (1.05)2 + ( l.05)3 + (I.05)' + (t.05~ 

= 3.41 or $3410 
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i We dwell at considerable length on this period problem in the chapter on difference i 
equations and won't go into it further here e11cept to wave one yello"': flag" Beware the word 
1ww. Sometimes it truly does mean right now- but then again sometimes ti means one year 
from now. . 

" Many financial problems involve sequences of equal payments made a! intervals of one 
year; the first payment being made one year from now, the last payment being made 11 yc_ar:. 
from now .... [T]he stream will he said to start now an<.1 last n years even though the hr~• 
payment does not acluall y occur until lhe end of this year." (Harvard Business School. "Tinw 
Value of M0ney," 9-172-060, p. 3.) 

There is no sure way to handle 1his confusing terminology. other than to be 011 tlll' 
lookout for it. 
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Similarly, 

PVy = -10 - _5_ + _6_ + _6_ + _6_ + _6_ 
J 1.05 (l.05)2 (1.05)3 (l.05)4 (1.05)5 

= 5.50 or $550v 

If it is indeed appropriate to employ a discount rate of 5 percent, we should 
prefer project Y. 

What would these present values look like with some other choices of 
the discount rate? If we carried out the calculations we would find results 
as shown in Table I0-2. These results are then plotted in Figure IO-I. 

Suppose X and Yarc competing proposals. We see from the graph that 
if the discount rate is between 0 and about 13 percent, project Y is 
preferred because it has a larger present value. If it is between 13 and 20 
percent, project X should be chosen. And if it is greater than 20 percent, 
both X and Y have a negative present value and neither should be carried 
forward. 

The proposed Passamaquoddy tidal power project offers a compelling 
demonstration of the significance of the discount rate in choosing appropri
ate projects. This project had long been advocated as a promising Cana
dian-American joint venture. An early benefit-cost analysis was com
pleted in 1959. Using the same benefit and cost figures, the U.S . analysts 
(the Army Corps of Engineers) recommended adoption of the proposal 
while their Canadian counterparts recommended rejection. The project 
would have required a heavy initial capital investment: the flow of benefits 

... 10.ooo r 

\ !t.OOl l 

\ -l.01!1) 

... 2.1100 

10 
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Table 10-2 

Discount 
rate PV.r Pl\ 

0 5.00 9.00 
.02 4.33 7.50 
.04 3.71 6.14 
.06 3.13 4 .90 
.08 2.59 3.77 
.10 2.09 2.74 
.12 1.64 I.81 
.14 1.20 .95 
.16 0.78 .16 
.18 0.41 - .56 
.20 0.05 - 1.23 

( PVx and P V1• are i II thousands of 
dollars. ) 

would have stretched far into the future. The source of the disagreement 
was the choice of discount rate. The U.S. analysts used a rate of 2.5 
percent, which produced a positive present value , while the Canadian 
choice of 4.125 percent resulted in a negative present value. 

The choice between thermal and hydroelectric power plants provides 
another illustration of the importance of the discount rate. For a thermal 
plant, initial capital outlay accounts for about 35 to 40 percent of the cost 
per megawatt of output. 3 For a hydroelectric plant, the initial outlay runs to 
80 or 85 percent of the unit cost of power. A high discount rate thus favors 
the thermal plant because more of the costs are postponed. As the discount 
rate falls, it becomes less and less advantageous to delay expenditures as 
long as possible, and at some level of the rate the hydroelectric plant will 
become more economical. 

The Internal Rate of Return 

Sooner or later you are sure to encounter the scientific-sounding term 
internal rate of return. Hence you should know what it means anll 
understand its implications. The discount rate at which the presen! val~ of 
a project becomes zero is known as itsint.cmal rate of return. By looking at 
the graph in Figure 10-1, we see that the internal rate of return for project 
X is about 20 percent; for project Y, about 16.5 percent. For a yes- no 
decision on a single project, the choice criteri ass.oci.ated with this 
concept is: n ertake a project if its internal rate of return is greater ~n 

tlie appropnate discount rate." Thus if the choice is between carrying out 
project X and domg nothing, we should proceed with the project if the 
appropriate discount rate is less than 20 percent. The criterion is based 011 

the intuitively appealing assumption that a project should be undertaken if 
it offers a rate of return greater than the rate at which money can be 

3 These are pre-OPEC numbers , based on 1970 oil prices. 
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borrowed. or than whatever interest rate the decision maker feels to be 
l a~p.ropriate. It is thus directed only to those situations in which there is an 
, m1tial outflow of funds, followed by a stream of positive returns. 

The corresponding criterion for choosing among competing projects is: 
"Choose the project with the highest internal rate of return." Much of the 
time this is a valid decision rule, but it can't always be counted on to 
produce the correct decision. Note that if we are comparing two competing 
projects such as X and Y above, X has a higher internal rate of return. Yet 
if the appropriate discount rate is in the 0 to 13 percent range, Y should be 
preferred. Adopting the rule of choosing the highest rate of return may also 
cause the decision maker to overlook the possibility that doing nothing is 
better than carrying out any of the proposed projects. If the discount rate is 
about 20 percent (which is most unlikely, to be sure), projects X and Y arc 
both inferior to doing nothing. In another situation, doing nothing might 
become the preferred choice at a more plausible discount rate. 

Table 10-3 

Year 

Project 2 3 4 5 

z -21 ..-JO +30 +20 -40 

(All figures are in thousands of dollars.) 

It is sometimes proposed that in evaluating a single project the 
decision criterion should be: "Proceed if the internal rate of return is 
greater than, say, JO peri:ent." This rule too can cause trouble, for we 
might encounter a project with a time stream such as that shown in Table 
10-3. This particular stream of costs and benefits produces a present value 
curve that changes direction as the discount rate is increased. The curve is 
shown in Figure I0-2. Now there is more than one internal rate of return 
and the proposed decision rule leaves us nowhere. ' 

Pl> in SOOO 

l>is~ount rnte 

-.5 

Figure 10-2 
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It is now widely (but not yet widely enough) realized that the present 
value criterion and the internal rate of return criterion lead to accepting and 
1 ejecting the same projects only if there are no budgetary limitations, !f 
projects do not preclude one another, and if streams of net returns are first 
negative and then pos1t1ve. Unfortunately. most public policy dec1s1ons 
must be made in the face of budget constraints. The government planner 
cannot simply float another bond issue or increase taxes whenever an 
appealing new project comes along. Moreover, projects frequently are 
mutually exclusive, as when they compete with one another for the same 
'iile. In short, because it is applicable in all situations in which the 
appropriate discount rate can be determined, even though projects compete 

[
or budgets are limited, the proper criterion is: "Choose the mix of proje5ts 
that offers the highest present value." 

Payback Periods 

You may run across other rules of thumb for selecting projects when net 
benefits are a flow received over time. Businesses frequently employ the 
concept of the payback (or sometimes payout) period. They compute how 
long it will take before a project pays for itself. The project with the 
shortest payback period is then preferred. Or if many projects can be 
selected, they may, say, choose all that pay back within five years' time. 
The payback criterion is fine if all other things are equal, for example if the 
streams of benefits within the period is the same for all projects. But other 
things may not be equal. For example, consider the projects shown in 
Table 10-4. Project J has a payback period of three years, and project K of 
four years. Yet most businessmen would prefer project K. 

Table I0-4 

Year 

Project 0 I 2 3 4 5 6 

J - 100 35 35 35 0 0 0 
K - 100 30 30 30 30 30 30 

The point you should take away from this discussion (and the 
discussion of the internal rate of return) is that there are many criteria for 
making choices among projects that extend over periods of time. Most of 
them will work out in most circumstances. But only one of them works out 
virtually all of the time, indeed whenever an appropriate discount rate can 
be identified . That criterion requires us to select from among the feasible 
packages of alternatives the one that offers the highest present value. 4 

• Incidentally, in the business world the present value is also known as the "discounted cash 
flow." That term will be avoided here. It is appropriate for businesses but nor for 
governments , since most governments do not calculate Jepreciation on their fixed inw't 
ments. 
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Figure 10-3 

Discounting and the Fundamental Model of Choice 

In discussing the criteria for making optimum decisions when costs and 
benefits occur as dollar flows over time, the connection with the fundamen
tal model of choice, set forth in Chapter 3, may not have been evident. 

How can we relate discounting to the fundamental model? Suppose we 
start by diagramming what the discount rate implies for making choices 
among alternative streams of net benefits. As usual, we keep it simple by 
sticking to two dimensions. Hence we consider the two-period case; net 
benefits occur this year and next year, and that's it. In Figure 10-3 we plot 
this year's benefits along the horizontal axis and next year's along the 
vertical axis. Then what does it mean in terms of this diagram to say that 
the discount rate is 10 percent? It means, for example, that the two 
streams-(M) $100 this year, $0 next; and (N) $0 this year, $110 next- are 
equally satisfactory. And so is the combination $50 this year, $55 next
and all the other combinations on the straight line joining points Mand N. 
Similarly, all points on the straight line joining (C) $200 this year, $0 next, 
and (D) $0 this year, $220 next, are equally desirable. In fact, we may 
construct a whole preference map, consisting of parallel straight lines, with 
each line more desirable as we move north and east from the origin. 

Now let's consider a choice between the projects in Table 10-5. Which 
of the two projects is preferable if the discount rate is 10 percent? In Figure 
10-4 we reproduce the preference map we have already constructed. 
Points A and B are then plotted on this diagram; they are a noncontinuous 
possibility frontier. For a 10 percent discount rate, we see that project Bis 
preferred. Moreover, we can in theory read the present value of each 
project directly off the graph, for the horizontal intercept of each of the 

Discounting and the Fundamental Model of Choice 

Project 

A 
B 

Table 10-5 

Net benefits ($000) 

Year l 

$200 
$150 

Year 2 

$200 
$275 

preference lines is the present value of every point along that line. (We say 
"in theory" because in practice we couldn't draw the graph accurately 
enough.) In other words, the discount rate is in principle a very special 
kind of preference map that permits us to compare alternative streams of 
net benefits by reducing all such streams to a single number, the present 
value. In practice, however, one would never bother to draw a graph at all. 

Nate that this preference map for the government decision maker, as 
we have drawn it, consists of straight lines, implying a willingness to trade 
off present for future benefits at a constant rate. For benefits and costs that 
are small relative to the total assets of the decision making unit-as is the 
case with most public projects-this assumption is reasonable. But as the 
amounts in question grow larger, we would expect to see the straight lines 

Next year's 
net benefits 
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SIOO 

$0 $100 S200 $300 $400 

TI1is year's nl!t bent:'fits 

Figure 10-4 
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gradually become convex to the origin, as with the conventional indiffcr 
ence map. 

The Choice of a Discount Rate 

At a number of junctures we have referred to the "appropriate discount 
rate." We saw that the present value of a stream of payments is likely to be 
extremely sensitive to the choice of the discount rate. Consequently, ii 
behooves us to think carefully about what is the appropriate discount rate 
for public projects. 

The funds expended for a government project are not funds that would 
otherwise stand idle. They are obtained by the government from the 
private sector, either by taxation or by borrowing, or from the government 
itself by diverting funds from other purposes. If left in the private sector, 
they will be put to use there, and in that use will earn a rate of return that 
measures the value that society places on that use of the funds. If the funds 
are diverted to government use, the true cost of the diversion is the return 

:! that would otherwise have been earned. This cost (as we noted in the 
previous chapter) is known as the opportunity cost, The opportunity cost is 
th!! correct discount rate to use in calculating the present value of a 
proposed proj~ct. If the present value is positive, the project uses the funds 
to better advantage than they are currently being used in the private sector. 
If the present value is negative, it doesn't. It's as simple as that. 

For example, suppose that the federal government, alarmed by an 
increasing number of oil barge and tanker accidents in coastal waterways, 
contemplates a project to improve the charting and marking of marine 
hazards. For simplicity, assume that this project is to be financed entirely 
by a tax on upper incomes, and that the individuals hit by the tax will pay it 
by r~ducing the amounts they save. If they are currently earning 8 percent 
interest on these savings, then the opportunity cost of the funds for the 
project is 8 percent. The estimated stream of costs and benefits from the 
project should therefore be discounted at 8 percent, and if this arithmetic 
produces a present value of net benefits greater than zero, the project 
should be adopted. If the present value is negative, it should be rejected. 
Pursuing it would in that case mean using funds in a way that society 
values less highly than the alternative use in the private sector. 5 

Throughout this chapter we have chosen to simplify the discussion by 
referring to the funds used for a public project. Those trained in economics 
will recognize that these funds are only the medium of exchange, and that 
what· happens in real terms is that real resources-land, labor, raw 
materials, plant and equipment, and so on-are diverted from one use to 

5 This of course leaves aside distributional considerations. These were discussed separately in 
the last chapter. 
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another. Money is merely the vehicle. The displacement of investment may 
111 fact be a complex process. If there is slack in the economy and the 
l·cderal Reserve is following an expansionary policy, little private invest-
ment will be crowded out of the market. If credit is tight, or if real 
1csources are scarce, the impact will be immediate. For our purposes, 
however, the restriction of the discussion to financial resources is legiti-
mate, since ordinarily the additional amount of funding for an individual 
project is small relative to the total size of a government's budget, and real 
inputs for a public project will be bought and sold on the market in 
quantities small enough relative to the total market that others' purchases 
of them will not be affected. The most likely exception is the case where a 
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public project can be built on one site only, and will thereby displace a 
prospective private project. In such a case the appropriate discount rate is < 
the return that would have been earned on the private project. by r...k~ • 

We saw earlier that, in general, the lower the discount rate, the more 
favorable it is for projects with early costs and late benefits. As the rate 
rises, 1t becomes more important to delay paying out and to get a quick 
return . This makes sense in terms of the state of the economy. A low 
di~count rate implies that th_e marginal OP_P?rtunitie~ f?r ~nvestm~~t in the J'l\~s 1:;;) 
private sector are not particularly prom1smg, so 1t 1sn t surpnsmg that b'""'r f J:. 
public projects that are slow to pay off or that don't offer particularly high of pJ,~i '
rates of return may look attractive by comparison. On the other hand, a "'fJ,.j" J 
high discount rate means that it is easy to find a good rate of return in the ~ 
private sector. In that case, a public project must show a good or quick II 
return in order to compete. 

While this opportunity cost approach provides an accurate theoretical 
answer to the discount rate question, it doesn't offer much practical help. 
Because of imperfections in the capital markets , rates of return vary from 
one type of investment to another. How on earth could anyone ever 
identify the spending displaced by the adoption of a particular project? In 
the real world, government taxation and borrowing displace consumer 
spending, consumer saving, and business investment, in some cases 
directly, in others indirectly. And at times government spending may 
displace other government spending. The appropriate discount rate for any y_ 
period is a weighted average of the rates of return for all the displaced us~ ~ 
ofTunds. The weights an~ the fractions of the total funds derived from each 
source. Needless to say, the correct weights are extremely difficult to 
determine in practice. 

You may wonder how we would go about estimating the rate of return 
on consumer spending when that return takes the form of satisfaction, not 
dollars. For those consumers who both spend and save, the rate of return 
on spending must be the same at the margin as the rate of return on saving. 
If it weren't, they could increase their satisfaction by altering their 
spending-saving habits. We can't make any such simple statement about 
those who don't save, but at least we can establish a lower bound. It is 
obvious that the rate of return on savings is too low to tempt them. 
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Therefore their rate of return on spending must be higher than the goi1w 
rate of interest on savings deposits. 

Ideally, the weights used in figuring the appropriate discount rat• 
should be separately determined for each individual project, for the mix 111 
sources of the funds may differ. This implies that the government should 
sometimes reject some projects while accepting others with equal costs b111 

, lower payment streams; the latter may draw funds from sources with low('I 

l
\ opportunity costs. Furthermore, if funds for a project are drawn frou1 .1 

!~ource ~ther ~ha~ the beneficiaries of that project, sep~te discount rain 
sfiould m rmc1ple be used for costs and benefits. Determination ol 
appropriate weights may e poss1 in certain rare cases, such as a 
specific bond issue for a specific project, but for the most part the fumh 
obtained by taxes and borrowing all end up in the same pot. Analysts mu:.t 
then rely on a discount rate that is at best an approximation. This i:-. 
nevertheless a considerable improvement over past practices where di~ 
count rates have usually been unrealistically low, have varied widely from 
one agency to the next, and have occasionally been ignored altogether. 

When we get down to discussing real numbers, most of the volumi 
nous discount rate literature becomes suddenly vague. Some writer~ 
suggest qualitative estimates. Others confine themselves to describing what 
the discount rate is not. Still others proceed to set upper and lower bound~ 
for the rate. This may in fact be a valuable exercise. Often an analyst is 
able to say, "I don't know what the right discount rate for this project is, 
but fortunately it doesn't really matter. It surely is well above 3 percent. 
and the analysis shows that for any discount rate greater than 3 percent the 

·'i. project looks ahsolutely rotten. Therefore it should be dropped forthwith." 
"fc f(1 ~oreover, we always have at hand as a convenient lower bound the 

'\., interest rate on long.-t~rm govern~ent bonds, for certainly a project should 
::N.i"' - t~ not be undertaken 1f It cannot yield a return as large as the cost to the 

~- government of borrowed funds. 
~ :e · . Most economists_ who ~re concerned with determining the appropriate 
~/ discount rate for public projects would probably come up with a 1977 figure 

.._ of about IO percent. Given the kinds of budget constraints most govern-
-·~ ments operate under, the 10 percent rate will give a good result in most 

situations. But for very long-term considerations, a more accurate assess
ment of the proper rate is required. We mentioned the Passamaquoddy 
analysis, where a discrepancy of I .625 percent in the choice of discount 
rate led to opposite conclusions as to the feasibility of the project. That 
was a very long-term project indeed, with benefits stretching out over 
decades. 

An illustration of the crucial nature of the rate choice is provided in -
the nuclear energy field. Should we rely mainly on the light water reactor 
for electricity generation in the 1990s or should we concentrate our efforts 
on the development of the fast breeder reactor? The benefit-cost analysis 
of these alternatives favors the light water reactor if the discount rate 
chosen is as high as 10 percent, the fast breeder reactor if it is as low as 7.5 

Related Issues and Reservations 

pl·rccnt. The indeterminate results in the 7.5 to 10 percent range are due 
mainly to differences among energy experts as to the probable future cost 
nl high-grade uranium ore. 

lklated Issues and Reservations 

l'hcre are additional practical and theoretical issues in the choice of a 
discount rate that we can merely touch on here. Discounting is employed 
lo assess projects whose benefits and costs stretch over many years. 
I 'rcquently (and quite naturally) these yearly payoffs, particularly those 
l1111her in the future, will he highly uncertain. It is occasionally proposed 
that the discount rate should be adjusted upward to compensate for this 
l'lc ment of risk. That approach is now widely agreed to be not only · 
incorrect conceptually, but also likely to result in significantly inferior 
l'hoices. Raising the discount rate in effect changes the tradeoff rate 
between payoffs in different periods, yet there is no inherent reason why 
uncertainties about the amounts of future payoffs should affect the way we 
are willing to trade off one year' s payoff against the following year's. The I 
1.·orreet analytical approach is to separate the question of the risk-free 
discount rate from thequestion of how we value risky outcomes. Chapter 
12 addresses the latter question. -

In a more philosophical vein, 1t 1s argued that, given the present 
income distribution, no observed rate of return can provide an accurate 
reading of the intertemporal preferences of the society as a whole. 
Moreover, a l~r discount rate may result in pursuit of projects that 
benefit lower income groups at the expense of those with high marginal tax 
rates. In this view, the discount rate should instead be a conscious value 
judgment as to the rate at which society wishes to trade off future for 
present resources. In other words, the choice of a discount rate should be 
used deliberately to apportion costs and benefits among income groups and 
among present and future time periods, and hence generations, according 
to the values held by society. To be sure , rates of return currently 
obtaining in an economy provide information as to the needs and attitudes 
of the people in the society, and should be considered in choosing a 
discount rate. These arguments seem most valid when applied to underde
veloped countries, where the capital markets are likely to be rudimentary 
and the income distribution leaves few people willing to save anything at all 
voluntarily. 

As a further-and perhaps stronger-argument for explicit value 
judgments about the appropriate discount rate for a society , it is sometimes 
pointed out that ultimately the very size of the puhlic sector will bel 
<!_etermined by the discount r~te. Proponents of an explicitly set social rate 
ol' discount claim that dec1s1ons about the size of the government sector 
should not fluctuate in response to changed conditions in private capital 
markets. 

Although this value judgment approach seems on the surface to be 
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entirely different from the opportunity cost approach to the choice of a 
discount rate, the difference is likely to be more ideological than practical. 
The opportunity cost approach instructs us to choose the discount rate on 
the basis of rates of return observed in the economy. corrected insofar a~ 
possible for what are judged to be imperfections in the market system. The 
social time preference approach instructs us to make a deliberate choice of 
a iliscount rate to reflect our preferences about providing for future 
generations, and this choice is to be enlightened and informed by observing 
actual rates of return in the economy. Thus the opportunity cost advocate!-. 
start with observed rates of return and correct these according to their 
social values, while the social time preference advocates start with a value 
judgment but rely on observed rates of return to inform this judgment. 
From opposite ends of the spectrum they move toward one another, and in 
some cases there may be little disagreement as to the appropriate discount 
rate for a public project. 6 

It is indeed true that if we do wish to benefit future generations at our 
collective expense, and moreover to do so by means of increased govern
ment investment, the discount rate is a possible mechanism. But it seems 
clear that in the United States at least, there is no such consensus in favor 
of the future. If per capita income continues to grow as it has over the last 
two centuries, our children's children will be far better off financially than 
we are. Any sacrifice for the benefit of future generations would be made 
by the not-very-poor for the benefit of the even-less-poor. The truly poor 
who are among us today might well question our collective values. This is 
not to say that we should ignore the needs of future generations, who are 
represented in the marketplace only by their predecessors, particularly 
when it comes to the exhaustion of valuable natural resources or the 
irreversible destruction of all kinds of amenities. from scenic vistas to the 
ozone layer. But the way to handle these issues analytically is to identify 
all the benefits and all the costs of a project, and to estimate and assign 
probabilities where appropriate, not to resort to a second-best juggling of 
the discount rate. 

One of the difficult current issues in discounting is what to do about 
inflation. As long as the rate of inflation was low this was not considered to 
be a serious problem. (As a matter of fact, it wasn't considered at all.) But 
over the past few years we have experienced inflation rates that have been 
high enough to raise serious questions about appropriate discounting 
procedures. We frequently hear it said today that people's expectations 
about inflation have become incorporated in the interest rate. To the extent 
that this is true, inflation is less of a problem as far as the choice of a 

• For excellent discussions of these approa1:hes to the choice of a discount rnte. see William J. 
Baumol. "On the Discount Rate for Public Projects." in R. Haveman and J. Margolis (eds.), 
Public f:.tpe11di111rt'S arzd Policy Analysis (Chicago: Markham. 1970); and United Nations 
Industrial Development Organiz.ation, Guidelines for Project El·aluatio11 (New York: United 
Nations, 1972), Ch. 13. "'Intertemporal Choice: The Social Rate of Discount." 

Related Issues and Reservations 

discount rate is concerned. In addition, there is in principle no reason why 
the same discount rate should be used for all future periods, any more than 
the same rate should be used for discounting both costs and benefits. 

1 
As 

policy analysis· becomes more sophisticated we can expect t? see ~ore 
uisaggregation of the discounting process, with respect to both time penods 
and income groups. 

What about discount rates for state and municipal governments? The 
... ame reasoning applies as with federal projects: the flow of costs and 
benefits from a proposed use of funds should be discounted at the 
opportunity cost of the funds. These governments are usu~ll~ e.xt~rnal ' 
borrowers in that they borrow mainly outside their own tax JUnsd1ct1ons. 
They ordinarily operate under a balanced budget constraint, New York l 
City's predicament not~ithstanding.' so ~hat amortization of loans r~us~ be 
considered in the analysis. The ram1ficat1ons are complex, but the pnnc1ple 
of opportunity cost still holds. 

The case of the private nonprofit sector is more difficult. These 
institutions get their funds in part from governments, .in. part from us~r 
charges, and in part from charitable gifts. Volunta? g1vmg, however, is 
sensitive to the givers' perception of the use to which the funds are put. 
Hence decisions of this type are essentially interactiv~. and not a matter 
simply for aunitary decision maker. . . 

People sometimes wonder if there ever is an occasion to use a negative 
discount rate. When is it desirable to trade more present resources .for 
fewer in the future? It is not easy to devise an example, and economists 
usually fall back on decomposing hardtack in a lifeboat. Shipwre~ked 
sailors are presumed to value some fraction of a piece of hardtack received 
tomorrow more highly than a whole piece today. A farrr_le~ who annually 
has a surfeit of water in the spring and a drastic shortage m late summ~r 
will spend money to build a reservoir to store water, even th~ugh .he will 
lose much of it through evaporation. In effect, he uses a negative discount 
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rate in trading more water now for less later to decide wh~ther the 
reservoir is worth the cost. Under certain circumstances Swiss banks 
charge interest on savings deposits rather than paying it,. yet .people 
continue to deposit funds in these accounts. In general, negative d1sc.ount 
rates are applicable when people have no recourse but to rely on highly , 
imirfect stores of value, that is, on commodities that are expected to )t(• , 

deteriorate over time. 
All of this discussion has been couched in terms of the discounting of 

dollar flows. It is arguable that ordinary discount rates are not appropriate 
for discounting flows that consist of intangibles such as pain and suffering, 
or improved health , or especially changes in the risk of death. Such go?ds 
are not exchanged in the market; forward and backward flows through time 

7 For a discussion of real and nominal discount rates. see S. Hanke, P. Carver, ~nd P. Bu~. 
"Project Evaluation During Inflati~n," in the. 1974 issue of Benefit-Cost and Policy Analysts. 
edited by R. Zeckhauser et al. (Chicago: Aldme. 1975). 
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will not be in accord with market interest rates. This issue is still very 
much up in the air. Some economists and analysts have in the past 
preferred not to discount such streams; others discount routinely at goinJ: 
rates. A few are beginning to think seriously about this enormously 
perplexing problem. 

Finally, although we are left with no magic number for the appropriate 
discount rate, it is reassuring to know that a good approximation will 
usually produce good results, especially if it is applied consistently 
throughout all the decision making agencies in the government. Above all. 
it will weed out the abysmally unjustifiable projects. And that is a gianl 
step forward. 


