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CosT-BENEFIT ANALYSIS

Faris is well worth a Mass.
—ATTRIBUTED TO HENRI IV OF FRANCE

if you visited Boston during the last decade, you probably noticed that traffic down-
fown was particularly congested. The reason was the “Big Dig,” a massive $14.6 hil-
lion puhlic works project that involved the construction of pew roads and another
fomnel to Logan Airport. Many people have doubts that it was worth the money. How
would one go about thinking about this issue? Infrastructure projects like the Big
Dig are just one variety of the thousands of public projects that are under consider-
ation’at any given time, everything from breast cancer screening programs to_space
exploration. How shouild the government decide whether or not to pursue a particu-
lar project? The theory of welfare economics provides a framework for deciding:
Evaluate the social welfare function hefore and after the project, and see whether
social welfare increases. If it does, then do the project.

This method is correct, but not very useful. The amount of information required
to specify and evaluate a social welfare function Is enormons. While social welfare
functions are valuable for thinking through certain conceptual problems, they are
generally not much help for the day-to-day problems of project evaluation. However,
welfare economics does provide the basis for cost-benefit analysis—a set of prac-
tical procedures for guiding public expenditure decisions.’

Most government projects and policies resuit in the private sector having more of
some scarce commodities and less of others. Af the core of cost-benefit analysis is
a set of systematic procedures for valuing these commeodities, which allows policy
analysts to determine whether a project is, on balance, heneficial. Cost-henefit analy-
sis allows policymakers to attempt to do what well-functioning markets do
agtomatically-—allocate resources to a project as long as the marginal social henefit
exceeds the marginal social cost.

» PRESENT VALUE

Project evaluation usually requires comparing costs and henefits from different time
periods. For example, preschool education for poor children requires substantial
expenditures i the present and then yields returns in the future. In this section we
discuss issues that arise in comparing dollar amounts from different time periods.

! Bourdman e al. {2006] discuss the links between welfire sconomics and cost-benefit anatysis,
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Initially, we assume that no price inflation oceurs. We show later how to take infla-
fion into account.

Projecting Present Dollars into the Future

Suppose that you take $100 to the bank and deposit it in an account that yields 5
percent interest after taxes. At the end of one year, you wili have (1 + 0.05) X $100
= §165—the $100 initially deposited, plus §5 in interest. Suppose further that you
fet the money sit in the account for another year. At the end of the second year, yon
will have (1 + 0.05) X $105 = $116.25. This can also be written as {1 + §.05) X
(1 + 0.05) X 100 = (1 + 0.05)* X 100. Similarly, if the money is deposited for
three years, it will be worth {1 + 0.05)° X $100 by the end of the third year, More
generally, if $R are invested for T vears at an interest rate of », at the end of T years,
it will be worth $R X (1 + »)’. This formula shows the future value of money
invested in the present.

Projecting Future Dollars into the Present

Now suppose that someons offers a contract that promises to pay you 3100 one year
Jfrom now. The person is trustworthy, so you do net have fo worry ahout defanlt.
{Also, remember there is no inflation.) What is the maximum amount that you shouid
he willing to pay today for this promise? It is tempting to say that a promise to pay
$100 is worth $100. But this neglects the fact that the promised $100 is not payable
for a year, and in the meantime you are forgoing the interest that could be earned
on the money. Why shouid you pay $100 today to receive $100 a year from now, if
you can receive $105 a year from now simply hy putting the 3160 in the hank today?
Thus, the value foday of $130 payable one year from now is fess than 3106, The
present value of a future amount of money is the maxiroum amount you would be
willing to pay today for the right to receive the money in the future.

To find the very most you would he willing to give up now 1n exchange for $100
payable one year in the future, you must find the number that, when muléiplied hy
(1 -+ 0.05) just equals $100. By definition, this is $100/(1 + 06.05) or approximately
$95.24, Thus, when the interest rate is 5 percent, the present value of $100 payahie
one year from now is $100/(1 + 0.05). Note the symmetry with the familiar prob-
lem of projecting money into the fisture that we just discussed. To find the value of
money today one year in the future, you multiply by one plus the interest zate; to
find the value of money one year in the future today, you divide hy one plus the
interest yate,

Next consider a promise to pay $100 twoe vears from now. In this case, the cal-
culation has to take into account the fact that if you invested $100 yourself for
two years, at the end it wonld be worth $100/(1 + 0.05)*. The most you would be
willing to gay today for $100 in twe years is the amount that when muitiplied by
{1 + 0.05) yields exactly $100, that is, $160/(1 + 0.05)%, or about $90.70.

In general, when the interest rate is #, the present value of a promise to pay $R
in T years is simply SRA(1 + #)7.% Thus, even in the ahsence of inflation, a dollar in
the future is worth less than a doilar foday and must be “discounted” by an amount

2 This gssumes the interest mie is constant at 7, Suppose that the interest rate chunges over tme, so in yemr § it s 7, in year 2,
4, 4k 50 on. Then the prosest vadue of & sum SRy payable T years from now S SR/ + rp X{ET + e X - - X (1 4+ rpk
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that depends on the interest rate and when the money is receivable. For this reason,
¥ is often referred to as the discount rate. Similarly, (1 + )7 is called the discount
factor for money 7 periods into the future. Note that the further into the future the
promise is payable (the larger is 77), the smaller is the present value. Intuitively, the
longer you have to wait for a sum to be paid, the less you are willing to pay for it
today, other things being the same.

Finally, consider a promise to pay 3R, today, and $R; one year from now, and
$R; two years from now, and so on for T years. How much is this deal worth? By
now, it ig clear that the naive answer (SRy + $R, + - - - 4 $Ry) is wrong because
it assumes that a doilar in the future is exactly equivalent to a dollar in the present.
Without dividing by the discount factor, adding up dollars from different points in
time is like adding appies and oranges. The correct approach is to convert cach year’s
amount to its present value and then add them.

Table 8.1 shows the present value of each year’s payment. To find the present
value (PV) of the income stream, $Ry, $&;, $R,, .. ., SRy we simply add the fig-
ures in the last column:

R R, Ry

= Ry + + PP - 8.1
V=t i " AT oo @D

The importance of computing present vaiue is hard to overestimate. Ignering it
can lead to serious ervors. In particular, failure to discount makes ventures that yield
returns in the future appear more valuable than they really are. For example, cbn-
sider a project that yields a return of $1 millien 20 years from now. If the interest
rate is 5 percent, the present value is $376,889 {=$1,000,000/1.05)*°1. If r = 10
percent, the present value is only $148,644 [=$1,000,000/(1.10)*°].

Inflation

How do we modify the procedure when the price level is expected to increase in the
future? To begin, consider a project that, in present prices, vields the same return
each year. Call this return $Ry. Now assizne that inflation occurs at a rate of 7 percent
per year, and the dollar value of the return increases along with all prices. There-
fore, the doliar value of the return one year from now, $X,, is (1.07) X $R,. Similarly,
two years into the future, the dollar value is $8, = (1.07° X R,. In general, this
same return has a dollar value in year T of $&, = (1 + 0.07)" X R,.

Table 8.1 Calculating present value

Doliars Payabia Years in Fulure Discount Factor Present Value

R e gy
B R T R I O LR
SR 0

LRt R

Ay T g+t A/l 4+ 17

in order to compute the present value of an income stream, divide each year's amount by the corresponding discount facter
and then sum these terms across all yeara,
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The dollar values $§0, $B ' Sﬁz, ¥ 1 y are referred to as nomdnal amounts.
Nominal amounts are vajued according to the level of prices in the year the return eccuss.
{One can measure these returns in terms of the prices that exist in a single year, These
are called real amounts because they do not reflect changes that are due merely to alter-
ations in the price level. ln our example, the real amount was assumed to be a constant
$R, measured in present prices. More generaily, if the real retams in present year prices
are 3Ry, SRy, 3R, . . -, SRy and inflation ocows at a rate of #r per year, then the nom-
inal returns are $Rp, SRy X (1 + ), SRy X (1 4+ oY%, .., SR X (1 + w5

But fhis is not the ead of the story. When prices are expected to rise, lenders are
no longer willing to make loans at the interest rate » that prevailed when prices were
stable. Lendess realize they are going to be paid back in depreciated dollars, and to
keep even in real terms, their first year’s payment must alse be inflated by {1 + 7).
Similarly, the second years payment nmst be inflated by (1 + 7). In other words,
the market interest rate increases by ap amount apgzoxjmateiy equal to the expected
rate of inflation, from » percent to » + 2 percent.

We see, then, that when inflation is anticipated, both the stream of refurns and the
discount rate increase. When expressed in nominal terms, the present value of the
income stream is thus

{1+ )R, (1 + oyR, o (1 + wYRy
(1+m(1+7r (@ +a@(l+r) a+ =1 +7)

PV oo By + 5 (8.2)

A glance at Eguation (8.2) indicates that if i8 equivalent to Eguation (8.1) because
all the terms mvolving {§ + #) cancel out. The moral of the story is that we obtain
the same answer whether real or nominal magnitudes are used. It is crucial, how-
ever, that dollar magnitudes and discount rates be measured consistently. If real
values are used for the Rs, the discount rate must also be measured in real terms-—
the market rate of interest minus the expected inflation rate. Alternatively, if we
discount by the market rate of interest, retwrns should be measured in nominal
terms.,

» PRIVATE SECTOR PROJECT
EVALUATION |

As we noted at the beginning of the chapter, the central problem in cost-benefit
analysis is valzing the inputs and outputs of government projects. A useful starting
point is to consider the same problem from & private firm’s point of view.

Suppose a finm is considering two mutially exclusive projects, X and Y. The real
benefits and costs of project X are BY and C%, respectively; and those for praject ¥
are BY and 7. For both projects, the benefits and cosis are realized immediately.
The firm must answer two questions: First, should either project be done at all; are
the projects admissible? {The fism has the option of doing neither project.) Second,

3 The product of (| + Hand {1 -+ w31 | + r + o + rw. Thus, the nomingl rate sctually exceeds the real rate by o 4 ran
However, for numbers of reasonable itude, r# is negligible in size, so ¢ + o i§ 4 govd approximation, Under some
clrcumstances, nominal interest rates may fail to rise by exactly the rate of infladon. See Chapter {7 under “Taxes and

Inflation.”

153

naminal amounsts

Amsunts of mopey thet
ara yateed accarding in
the price leveis that
exist in the years that
ihe amousris are
received.

real amounis

Amoants ot money
adjusted ter changes in
the genaral prisa level.



154

present value oriteria

Ruies tor svaiuating
projects siating that {1}
only projecis with
nositive el present
value shostd he carried
out; #md {2} of dwo
sytualiy exclusive
arojects, the preferred
aroiect is the one with
ike higher ned present
valga,

PART 11 Public Bxpenditure: Public Goods and Externalities

if both projects are admissihle, which is preferable? Because hoth henefits and costs
occar immediately, answering these questions is simple. Compute the net return to
project X, BY — C*, and compare it to the net return to ¥, B* — €. A project is
admissible only if its net refurn is positive, that is, if the henefits exceed the costs.
If hoth projecis are admissible and the firmn can only adopt one of them, it should
choose the project with the higher net return.

In reality, most projects Involve 2 siream of real benefits and returns that occur
over time rather than instantaneously. Suppose that the initial benefits and costs of
project X are Bi and C% , those at the end of the first vear are BY and €, and those
at the end of the last year are B% and C%. We can characterize project X as a stream
of net returns {some of which may be negative):

(BY — C5) (B — ¢, (BT = CF), ..., (BF ~ €D
The present value of this income stream (PP )is
B¢ BE-& Br — &}

K — . _—
PV =By = GG+ (}.+r‘}+(1+r)3+ * (1+ 7Y
where r is the discount rate that is appropriate for a private sector pr{}}ect (Selec-
tion of a discount rate is discussed shortly)

Similarly, suppose that project ¥ generates streams of costs and benefits B and
¢ gver a period of 7° years. (There is no reason for T and 7" to be the same.) Pro-
ject ¥ present value is

BY, - CL,
{1+ r)?q

Bwa{+B§~C§

s G Y
PVY = BY ~ C} TR

Since both projects are now evaluated in present value ferms, we can use the
same raies that were applied to the instantaneous project described earlier. The
present value eriteria for project evaluation are that:

+ A project is admissible only if s present value is positive.
+ When two projecis are muinaily exclusive, the preferred project is the one
with the higher present value.

The discount rate plays a key role in the analysis. Different values of r can lead
to very different conclusions concerning the admissibility and comparability of
proiects.

Consider the two projects shown in Table 8.2, a research and development pro-
gram {R&D) and an advertising campaign. Both require an initial outlay of $1,600.
The R&D program produces a refurn of 3600 at the end of the first year and $550
at the end of the third year. The advertising campaign, on the other hand, has a sin-
gle large payoff of $1,200 in three years.

The calculations show that the discount rate chosen is important. For low values
of r, the advertising is preferred fo R&D. However, higher discount rates weigh
against the advertising (where the returns are concentrated further into the fisture)
and may even make the project inadmissible.

Thus, one rmust take considerable care that the value of r represents as closely as
possible the firm’s actual opportunity cost of funds. If the discount rate chosen is
too high, it tends to discriminate against projects with returns that come in the
relatively distant future and vice versa. The firm’s fax situation is relevant in this
context. If the going market rate of return is 10 percent, but the firm’s tax rate

Cost-Benefit Analysis CHAFTER 8

Table 8.2 Comparing the present value of two projects

Annual Net Heturn ’ PV

Year R&D Advertrsmg _ r= R&D " " Advertising
g '_.;.'.;._$‘I,GGG [ oo m$; {}a{) L '5'15_0_ i gopn.

The choicg of the discount rate can afect which of fwo profacts vields higher prosent vahig. In this exampls, 4 fower
discount rate makes the advertising project relatively mere atiractive, whife 2 higher discount rate makes the RED projsct
relntively more atiractive.

is 25 percent, its afier-fax retura is only 7.5 percent. Because the after-tax refirn
represents the firm’s opportunity cost, it should he used for ».

Several criteria other than present value are often used for project evaluation. As
we will see, they can sometimes give misleading answers, and therefore, the present
value criteria are preferable. However, these other methods are popular, so it is nec-
essary to understand them and to be aware of their problems.

Internal Rate of Return

A firm is considering the following project: It spends $1 million foday on a new
computer network and reaps a henefit of $1.04 million ip increased profits a year
from now. I you were asked to compute the computer network’s “rate of return,”
vou would probably respond, “4 percent.” Implicitly, you calculated that figure by
finding the value of p that solves the following equation:

$1,046,000
o dr mrr——
$1,000,600 0 )

We can generalize this procedure as follows: 1f a project yields a stream of benefits
(B) and costs (C} over T periods, the internal rate of return (p) is defined as the
p that solves the eguation

B}“C} 82“62 . ""'CT
(1+p) (1+py Y

The internal rate of return is the discount rate that would make the present value of
the project just equal to zero.

An obvious admissibility criterion is to accept a project if g exceeds the firm’s
opportunity cost of funds, r. For example, if the project earns 4 percent while the
firm can obtain 3 percent on other investments, the project should be undertaken.
The corresponding comparability criterion is that if two mutually exciuswe projects
are both admissible, choose the one with the higher value of p.

Project selection using the interpal rate of refurn can, however, lead to bad deci-
sions. Consider project X that requires the expenditure of $100 today and yields $110
a year from now, so that its internal rate of refwrn is 10 percent. Project ¥ requires

By— Cy+ =0 (8.3)
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$1,000 today and yields $1,080 m a year generating an internal rate of return of
8 percent, {Neither project can be duplicated.) Assume that the firm can borrow and
lend freely at a 6 percent rate of nterest.

On the basis of internal rate of return, X is clearly preferred to Y. However, the
firm makes only $4 profit on X ($10 minus $6 in mterest costs), while it-makes a
$20 profit on ¥ ($80 minus 360 in interest costs). Conirary to the conclusion troplied
by the internal rate of return, the firm should prefer ¥, the project with the higher
profit. In short, when projects differ m size, the mternal rate of return can give poor
guidance.® In contrast, the present value rule gives correct answers even when the
projects differ in scale. The present value of X is —100 + 110/1.06 = 3.77, while
that of ¥ is —1,000 + 1,080/1.06 = 18.87. The present value criterion says that ¥
is preferable, as it should.

Benefit-Cost Ratio

Suppose that a project yields a streamn of benefits By, By, By, . . ., By, and a stream
of costs Gy, Cy, (y, . . ., Cr Then the present value of the benefits, B, is
B=RB,+ P SRR .
(1+7) {1+ (1+ 7y
and the present value of the costs, C, is i
C C
C=Gr Tyt aag E"i""%""j?’" @4

The benefit-cost ratie is defined as B/C,

Admissibility requires that a project’s benefit-cost ratio exceed one. Application
of this rule always gives correct guidance. To see why, note simply that B/C > 1
irnplies that B — ' > 0, which is just the present value criterion for adimissibility.

As a basis for comparing adimissible projects, however, the benefit-cost ratio is
virtually useless. Consider a state that is studying two methods for disposing of toxic
wastes. Method I is a toxic waste dump with B = $250 million, C = $100 million,
and therefore 2 henefit-cost ratio of 2.5, Method I involves sending the wastes in a
rocket to Saturn, which has B = $200 million, C = $100 million, and therefore a
benefi#-cost ratio of 2. The state’s leaders choose the dump becanse if has the higher
value of B/C. Now suppose that in their analysis of the dump, the analysts mad-
vertently neglected to fake into account seepage-induced crop damage of 540 mil-
lion. If the $40 million is viewed as a reduction in the dump’s benefits, its B/C
becomes $210/8100 = 2.1, and the dump is still prefezzeci o the rocket. However,
the $40 million can just as well be viewed as as mcrease in costs, in which case
BIC = $250/8140 = 1.79. Now the rocket looks hetter than the dump! -

We have illustrated that there is an inherent ambiguity in computing benefit-cost
ratios because benefits can always he counted as “negative costs” and vice versa. Thus,
by judicious classification of benefits and costs, any admissible project’s benefit-cost
ratio can be made arbitrarily high. In contrast, a glance at Equation ¢8.1) indicates thai
such shenanigans have no effect whatsoever on the present value criterion because it
is based on the difference between benefits and costs rather than their ratio,

*this result mests on the assumption that neither project can be duplicated. (Otherwise, dupimaung project X 18 Hmes woukd
vield a $HH0 profit, which 15 sreater than the $80 profit of project I
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We conciude that the internal rate of return and the benefit-cost ratio car lead to
meorrect inferences. The present value criterion is the most reliable guide.

> DISCOUNT RATE FOR
GOVERNMENT PROJECTS

Sensible decision making by the government also requires prasent value calculations.
However, the puhlic sector should compute costs, benefits, and discount rates differ-
ently than the private sector. This section discusses problems in the selection of a pub-
iic sector discount rate. We then furn to problems in evalvuating costs and benefits.

As suggested previously, the discount rate chosen by private individuals shonid
reflect the rate of return available on alternative investments. Although m practice
pinpointing this rate may be difficult, from a conceptual point of view the firm’
opportunity cost of funds gives the correct value of #. '

There is less consensus on the conceptually appropriate discount rate for government
projects. We now discuss several possibilities.”

Rates Based on Returns in the Private Sector

Suppose the last $1,000 of private investment in the economy yields an annual rate
of return of 16 percent. If the government exiracts §1,000 from the private sector
for a project, and the 31,000 is entirely at the expense of private sector investment,
society loses the $160 that would have been generated by the private sector project.
Thus, the opportunity cost of the government project is the 16 percent rate of refurn
in the private sector. Because it measures the opportunify cosi, 16 percent is the
appropriate discount mte. It is irrelevant whether or not this return is taxed. Whether
it all stays with the investor or part goes to the government, the before-tax rate of
return measures the value of oniput that the funds would have generated for society.

In practice, funds for a given project are collected from a variety of taxes, each
of which has a different effect on consumnption and investment. Hence, contrary fo
the assumption made earlier, it is likely that some of the funds for the goveinment
project would come at the expense of consumption as well as investment. What is
the opportunity cost of fimds that come at the expense of consumption? Consider
Kenny, who is deciding how much to consume and how 1much o save this year. For
each deilar Kenny consumes this year, he gives up one doliar of consumption next
year pius the rate of return he would have carned on the dollar saved, Hence, the
opportunity cost to Kenny of a dollar of consumption now is measured by the rate
of return he would have received if he had saved the dollar. Suppose the hefore-tax
vield on an investment opportunity available to Xenny is 10 percent, but he must
pay 50 percent of the return o the governroent in the form of taxes. All that Kenny
gives up when he consames an additional dollar today is the affer-tax rate of return
of § percent. Because the after-tax rate of refurn measures what an individual loses
when consumption is reduced, dollars that come at the. expense of consumption
shouid be discounted by the after-tax rate of return.

3 See Tresch (2002, Chapter 247 for further disenssion of the sllemative views.
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Because funds for the puhlic sector reduce hoth private sector consumption and
Investnent, a naturai solution is to use a weighted average of the hefore- and after-
tax rates of return, with the weight on the hefore-tax rate equal to the proportion of
funds that comes from investment, and that on the after-tax rate the proportion that
comes from consumption. In the preceding example, if one-quarter of the funds come
at the expense of investment and three-guarters at the expense of consumption, then
the public sector discount rate is 10 percent (% X 16 percent + ¥% X 8 percent).
Unfortunately, in practice it is hard to determine what the proportions of sacrificed
consumption and investment actually are for a given government project. And even
with information on the impact of each tax on consumption and investment, it is
difficuit in practice to determine which tax is used to finance which project. The
inahility to determaine reliably a set of weights lessens the usefulness of this approach
as a practical guide to determining discount rates.

Social Discount Rate

An alternative view is that public expenditure evaluation should involve a social rate
of discount, which measures the valuation society places on consumption that is sac-
rificed in the present. But why should society’s view of the opportunity cost of for-
going consumption differ from the opportunity cost revealed in market rates of
return? The social discount rate may be lower for several reasons.

Concern for Future Generations Tt is the duty of puhlic sector decision mak-
ers {0 care about the welfare not only of the current generation of cifizens but of
future generations as well. The private sector, on the other hand, is concerned only
with its own weifare. Hence, from a social point of view, the private sector devotes
too few resources to saving—it applies too high a discount rate to future returns. How-
ever, the idea of government as the unselfish guardian of the interests of future gen-
erations assumes an unrealistic degree of ommiscience and henevolence. Moreover,
even totally seifish individuals often engage in projects that henefit future genera-
tions. If future generations are expected to benefit from some project, the anticipated
profitahility is high, which encourages investment today. Private firms plant trees
today in return for profits on wood sales that may not he realized for many years.®

Paterpalism Even from the point of view of their own narrow self-interest, peo-
ple may not be farsighted enough to ‘weigh adequately henefits in the future; they there-
fore discount such henefits at too high a rate. The government should use the discourd
rate that individuals would use if they knew their own good. This is a paternalistic
argument—government forces citizens to consume less in the present, and in return,
they have more in the future, at which time they presumahly thank the government for
its foresight. Like all paternalistic argmments, it raises the fundamental philosophical
question of when the government’s preferenices should he imposed on individuals.

Market Inefficiency When a firm undertakes an investment, it generates
knowledge and technological know-how that can benefit other firms. In a sense,

S Why shoald people mvest in o project whose returms may not be realized ontll after they are dead? Becanse investors can
ahways sell the rights to futuce profits to membets of the young ion and hepes o therir shure of the anticipated
profits during their lifetimes.

Cost-Benefit Analysis  CHAPTER 8

then, investment creates positive externalities, and by the usual kinds of arguments,
investment is underprovided by private markets (see Chapter 5 under “Positive
Fxternalities”). By applying a discount rate lower than the market’s, the govern-
ment can correct this inefficiency. The enormous practical prohlem here is meas-
uring the actual size of the externality. Moreover, the theory of externalities
suggests that a more appropriate remedy would be to determine the size of the
marginal external benefit at the optimum and grant a sabsidy of that amount (see
again Chapter 3).

It appears, then, that none of the arguments against using market rates provides
rmich specific guidance with respect to the choice of a public sector discount rate.
Where does this jeave us? It would be difficult to argue very strongly against any
public rate of discount in a range hetwsen the hefore- and afier-tax rates of refurn
in the private sector. One practical procedure is to evaluate the present value of a
project over a range of discount rates and see whether or not the present value stays
positive for all reasonahle values of r. If it does, the analyst can feel some confi-
dence that the conclusion is not sensitive to the discount rate. Sensitivity analysis is
the process of conducting a cost-benefit analysis under a set of alternative reason-
able assumptions and seeing whether the substantive resuits change.

Government Discounting in Practice

Historically, the federal government has used a variety of discount rates, depending
on the agency and the type of project. According to recent rules issued by the US
Office of Management and Budget (OMB), federal agencies are now required to con-
duct two separate analyses when evaluating their projects: one using a real discount
rate of 7 percent and another using a real discount rate of 3 percent. This convention
is very much in line with the economic reasoning discussed earlier in this chapter.
Seven percent is an estimate of the private return on investment, so it is the appro-
priate discount rate for projects that extract resources from private investment. Thiee
percent is an estimate of the rate at which society discounts future consumption, so
it is the appropriate discount rate for projects that primarily extract resources from
private consumption. Because it is usually difficult to know whether a government
project is taking resources from private investment or private conswmption, OMB’s
recommendation of using both discount rates allows one to see whether the suhstan-
tive results are sensitive to the difference, Further, for government projects that affect
future generations, OMB recommends an additional sensitivity analysis using discount
rates of 1 to 3 percent. This is consistent with the notion, also discussed earlier, that
the social discount rate may be lower than the market rate of return.

In the context of federal budget planning, there are major inconsistencies in the
conventions used for discounting. When a new tax or expenditure program 1s intro-
duced, its effects over a five-year period must he reported to determine whether or
not they will put the hudget out of halance.” For these purposes, all that matters are
the sums of the relevant taxes or expenditures; future flows are discounted at a rate
of zero. Thus, for exampie, a policy that increased spending by a billion doliars today
and was financed hy a tax of a billion dollars five years from now would he viewed
as having no effect on the deficit, while in present value terms, the package would
iose money.

? fior sume purposes, the Senate requires flows over a H-year period,
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Beyond the five-year window, the fiscal consequences of fiscal proposals are
ignored; in effect, they are discounted at a rate of infinity! Consider a policy that
raises §5 billion within the first five years, but after 10 vears loses $20 billion. Under
current budgetary rules, such a policy is scored as creating a surplus, while with any
reasongble discoust rate, its long-run effect is to lose money for the government.
There is, in fact, some evidence that this pecutiar fashion of discounting has biased
government decision making m favor of policies that increase revenue in the short
term buf reduce it in the long term [Bazelon and Smetters, 1999].

> VALUING PUBLIC BENEFITS
AND COSTS

The next step in project evaluation 1s computing benefits and costs. From a private
firm’s point of view, their computation is relatively stratghtforward. The benefits
from a project are the revenues received; the costs are the firm's payments for inputs;
and hoth are measured by market prices. The evaluation prohliem is more complicated
for the government because market prices may not reflect social henefits and costs.
Consider, for example, a highway expansion that might do some damage to the envi-
ronmment. One can finagine hoth the private and public sectors undertaking this projeci,
hut the private and public cost-henefit analyses would be rather different, hecause.the
public sector should take into account social costs, which include externalities.

We now discuss several ways for measuring the benefits and costs of puhlic sec-
tor projects.

Market Prices

Asg noted in Chapter 3, in z properly functioning competitive economy, the price of
a good simultaneously reflects its marginal social cost of production and its mar-
ginal value to consumers. It would appear that if the government uses inputs and/or
produces outputs that are traded in private markets, then market prices should be
used for valuation.

The probiem is that real-world markets have many imperfections, such as monop-
oly, externalities, and so on. Therefore, prices do not necessarily reflect marginal
social costs and henefits, The relevant question, however, is not whether market
prices are perfect, but whether they are likely to be superior to alternative measures
of value, Such measures would either have to be made up or derived from highly
complicated-—and gnestionable—inodels of the economy. And, whatever their prob-
lems, market prices provide plenty of information at a low cost. Most economists
believe -that in the ahsence of any glaring imperfections, market prices should be
used fo compute puhlic henefits and costs.

Adjusted Market Prices

The prices of goods traded in imperfect markets generally do not reflect their mar-
ginal social costs.® The shadew price of such a commodity is its underlying social

# For Further details, see Boardman et al. [2006).
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marginal cost. Although market prices of goods in imperfect markets diverge from
shadow prices, in some cases the market prices can be used to estimate the shadow
prices. We discuss the relevant circumstances next. In each case, the key insight is
that the shadow price depends on how the economy responds to the governinent inter-
vention,

Monopoly In the nation of South Africa, the production of heer is monopolized
by the company South African Breweries, Ltd. Imagine that the Education Ministry
is contemplating the purchase of some beer for a controlled experiment to determine
the impact of beer consumption on the performance of college students. How should
the project’s cost-benefit analysis take into account the fact that this input is monop-
olistically produced? '

In contrast to perfect competition, under which price is equal to marginal cost, a
monopolist’s price is above marginal cost {see Chapter 3). Should the government
value the beer at its market price {which measures ifs value {0 consumers) or at its
marginal production cost (which measures the incremental value of the resources
used in its production)?

The answer depends on the impact of the government purchase on the market.
if production of beer is expected to increase hy the exact amount used hy the
project, the social opportunity cost is the value of the resources used in the extra
production—the marginal production cost. On the other hand, if no more heer will
be produced, the government’s use comes at the expense of private consumers, who
value the heer at its demand price. 1f some combination of the two responses is
expected, a weighted average of price and marginal cost is appropriate. (Note the
similarity to the previous discount rate problem.)

Taxes If an input is subject to a sales tax, the price received hy the producer of
the input is less than the price paid by the purchaser. This is because some portion
of the purchase price goes to the tax coliector. When the government purchases an
input suhject to sales tax, shouid the producer’s or purchaser’ price he used in the
cost calenlations? The basic principle is the same as that for the monopoly case. If
production is expected fo expand, then the producer’s supply price is appropriate.
if production is expected to stay constant, the consumer’s price should be used. A
combination of responses requires a weighted average.

Unemployment If & worker for a public sector project is hired away from a
private job, then society’s opportunity cost is the worker’s wage rate in the private
sector, hecause # reflects the value of the lost cutput that the worker had heen pro-
ducing. Things get trickier when the project employs someone who is currently
involuntarily unemployed. Because hiring an unemployed worker does not lower
output elsewhere in the economy, the wage the worker is paid by the government
does not represent an opportunity cost. All that is forgone when the worker is hired
is the ieisure he or she was consuming, the value of which is presumably low if the
unemployment is involuntary. There are twoe-complications, however: (1) If the gov-
emmment is running its stahilization policy fo maintain a constant rate of employ-
ment, hiring an unempioved worker may mean reducing employment and ocutput
elsewhere in the economy. In this case, the social cost of the worker is his or her
wage. {2) Bven if the worker is involuntarily unemployed when the project begins,
he or she may not necessarily he so during its entire duration. But forecasting an
individuai’s future employment prospects is difficult. In light of the current lack of
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consensus on the causes and nature of unemployment, the pricing of unemplioyed
resouIces remains a problem with no agreed-on solution. In the ahsence of 2 major
depression, valuation of unemployed labor at the going wage is prohably a good
approximation for practical purposes.

Consumer Surplus

A private firm is generally small relative to the economy, so changes in its output
do not affect the market price of its product. In contrast, public sector projects can
he so large that they change market prices, and this affects the way in which hene-
fits should be caiculated. For example, a gavernment irrigation project could lower
the marginal cost of agricultural production so much that the market price of food
falls. But if the market price changes, how should the additional amount of food be
valued——at its original price, at its price after the project, or at some price in
betwesn?

The sitnation for a hypothetical avocado-growing region is depicted in Figure 8.1,
Pounds of avacados are measured on the horizontal axis, the price per pound is meas-
ured on the vertical, and D, is the demand schedule for avocados. Before the irri-
gation project, the supply curve is laheled S, and market price and guantity are $2.80
and Ay, respectively. (The supply curve is drawn horizontally for convenience. The
main points would stll hold even if it sloped vpward.)

Suppose that after more land is hrought into production hy the irrigation project,
the supply curve for avocados shifis to S;. At the new equilibrium, the price falls to
81.35, and avocado consumption increases to 4;. How much better off are
consumers? Another way of stating this question is, “How rmuch would consumers
be willing to pay for the privilege of consuming A4; pounds of avocados at price
$1.35 rather than 4, pounds at price $2.897”
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The economic too} for answering this guestion is consumer surpius—ihe amount
by which the som that individuals would have been willing to pay exceeds the sum
they actually have to pay. As shown in the appendix to this book, consumer surplius
is measured by the area under the demand curve and abgve a horizontal line at the
market price. Thus, when the price is $2.89, consumer surplus is ebd.

When the price of avocados falls to $1.35 because of the irrigation project, con-
sumer surplus is stil the area under the demand curve and ahove a horizontal line
at the going price, but because the price is now $1.35, the relevant area is ecg. Con-
sumer surplus has increased by the difference between areas ecg and ebd-—area begd.
Thus, the area behind the demand curve between the fwo prices measures the value
o consumers of being able to purchase avocados at the lower price. Provided the
planner can estimate the shape of the demand curve, the project’s benefit can be
measured.

If the supply curve of the commodity under consideration is upward sloping, then
changes in producer surplus {also explained in the appendix at tbe end of the book)
can he brought into play. For example, in the cost-benefit analysis of rent contzols,
the change in landiords’ surplus could be estimated given information on the shape
of the supply curve of rental housing.

Inferences from Economic Behavior

So far we have been dealing with cases in which market data can serve as a start-
ing point for valuing social costs and benefiis. Sometimes the good in guestion is
not explicitly traded, so no market price exists. We discuss two examples of how
people’s willingness to pay for such commodities can be estimated.

The Value of Time One imporiant component of Boston’s Big Dig praject men-
tioned at the heginning of this chapter was a 3.5-mile streich of highway that cost
$6.5 billion. ¥t was estimated that with the new highway in place, the ride from down-
town to the airport would he reduced from 45 minutes to 8 minutes. Was this a good
deal? While it is true that “Gme is money,” to do cost-benefit analysis we need to
know how much money. A common way to estimate the value of time is to take
advantage of the theory of leisure-income choice. People who have control over the
amoust they work do so up to the point where the subiective value of leisure is egual
{0 the income they gain from one more hour of work—tbe afler-tax wage rate. Thus,
the after-tax wage can be used to value the time that is saved.’

Although this approach is useful, it has two major prohlems: (1) Some peopie
cannot choose their hours of work, Involuntary unemployment represents an extreme
case. {2) Not all uses of time away from the job are equivalent. For example, fo avoid
spending time on the road, a person who hated driving might he willing to pay at a
rate exceeding his wage. On the other hand, a person who used tbe road for pleas-
ure drives on weekends might not care very much about the opportunity cost of time,
particutarly if she could not work o weekends anyway.

Several investigators have estimated the value of time by looking at people’s
cboices between modes of transportation that involve different traveling times. Sup-
pose that in a given community peopie can commuute to work either by bus or hy
train. The train takes less time, hut it is more expensive. By seeing how much exira

¥or further datails, see Chupter 18 under “Labor Supply.”
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money people are willing to pay for the train, we can infer how much they are will-
ing to pay to reduce their commuting time, and hence how they value that time. Of
course, other characteristics of people, such as thelr incomes, affect their choice of
travel mode. Statistical techniques like those described in Chapter 2 can be used to
take these varishles into account. On the hasis of several such studies, a reasonable
estimate of the effective cost of traveling fime is about 50 percent of the after-tax
wage rate (see von Warthurg and Waters [20047).

The Value of Lite In the wake of September 11, a fund was set up to com-

_pensate the families of the victims. A journalist asked the man in charge of the fund,

“What is a life worth?” He responded, *“You'd have to he a rabhi or a priest to try
to answer that” [Henriques, 2001, p. WK10]. Indeed, our religious and cultural val-
ues suggest that life is priceless. Consider the events that transpired a few years ago
when a 22-month-old boy fell into an ahandoned well. A rescue team with special
training worked for 13 howrs through the night to dig a separate hole to reach the
trapped hahy. A camera was dropped into the well to monitor the boy, and para-
medics and a doctor were also on hand through the night to give medical advice. In
the news accounts of this story, not a single person guestioned whether saving the
child’s life was worth the cost. Arguing that any price was too high for saving his
life would have been unthinkahle. Similarly, i you were asked to value your own
life, it would not he surprising if only the sky was the limit.

Such a position presents ohvious difficulties for cost-benefit analysis. if the value
of life is infinite, any project that leads even to a single life heing saved has an
infinitely high present value. his leaves no sensible way to determine the admis-
sibility of projects. If every road in America were a divided four-lane highway, traf-
fic fatalities would douhtless decrease. Would this be a good project? Similarly, any
project that cost even one life would have an mfinitely low value. In this context,
consider the fact that to meet govermment mandated fuel efficiency standards, auto-
mohile manufactarers produce lighter cars than would otherwise be the case. But
lighter cars are associated with higher fatality rates in accidents, Do fael standards
therefore avtomatically fail cost-benefit tests?

Economists have considered two methods for assigning finite values o human
life, one based on lost earnings and the other on the prohahility of death.

Lost Earnings Under the lost earnings method, the value of life is the present value
of the individual’s net earnings over a lifetime. If an individual dies as a conse-
guence of a given project, the cost to society is just the expected present value of
the output that person would have produced. This approach is often used in law
courts to determine how much compensation the relatives of accident fatalities
should receive. However, taken literally, this approach means that society would
suffer no loss if the aged, infirm, or severely handicapped were summarily exe-
cuted. This implication is sufficiently hizarre that the method is rejected by most
eConomists.

Probability of Deatl: A second approach has as its starting point the notion that most
proiects do not actually affect with certainty a given individual’s prospects for liv-
ing. Rather, it is more typical for a change in the probability of a person’ death to
he involved. For example, you do not know that cancer research will save your life.
All that can be determined is that it may reduce the probability of your death. The
reason this distinction is so important is that even if people view their lives as having
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infinite value, they continually accept increases n the probahility of death for finite
amounts of money. An individual driving a light car is suhiect to a greater proha-
bility of death in an auto acciden! than someone in 2 heavy car, other things being
the same. People are willing to accept the increased risk of death hecause of the
money they save by purchasing lighter cars.

Amnother way that people reveal their risk preferences is hy. their occupational
choices. Some johs involve a higher prohability of death than others. Suppose we
compare fwo workers who have identical joh gualifications (education, experience,
etc.), but one has a riskier job than the other. The individual in the riskier job is
expected to have a higher wage to compensate for the higher prohability of death.
The difference hetween the two wages provides an estimate of the value that people
place on a decreased probahility of death.'?

In the same spirit, there have heen many studies of the amounts that people
are willing fo pay for safety devices, such as smoke alarms, that reduce the proh-
ahility of death hy a given amount. Different studies come up with quite differ-
ent results, but 2 rough guess on the hasis of such research is that the value of a
life 1s between $4 million and $10 miilion {Viscusi, 2006]. Now, you might think
that this range 1s so great as to be useless. However, these estimates can he very
useful in weeding out senseless projects. For example, the regulations relating to
the emergency floor lights on commercial planes cost about $900,000 per life
saved. These regulations clearly pass the admissibility criterion. On the other
hand, governmental ashestos removal rules cost more than $100 million per hfe
saved. : '

An appealing aspect of this approach to valuing life is that it puts the analysis on
the same willingness-to-pay basis that 18 so fruitful in other contexts. It remains
highly centroversial, however. Crifics have argued that the prohabilistic approach is
irrelevant once it is conceded that some people’s lives are cerfainly going to be at
stake. The fact that we happen to be ignorant of just who will die is heside the point.
This position Isads us back to where we started, with no way to vahie projects that
mvolve human fife,

This academic confroversy has become a maftter of puhlic concern hecause of var-
ious proposals to sshject govermment safety and environmental regulations to cost-
henefit analysis. In an atfack on one proposal, an environmental lohhyist stated that
one simply could not “put a price on saving lives” | Wetstone, 1995]. Unfortunately,
in a world of scarce resources, we have no choice in the matier. The only question
is whether or not sensible ways for setting the price are used.

Valuing Intangibles

No matter how ingenious the investigator, some benefits and costs are impossihle
to value: One of the benefits of the space shuftle program is increased national
prestige. Indeed, President George W. Bush argued that space exploration “is a
desire written in the human heart.” Creating national parks gives people the thrill
of enjoying heautifl scenery. The mind boggles at puiting a dolar value on these
“cominodities.” Three points must he kept in mind when intangible items might
he important.

% gee Viscosi and Aldy 30031 for further discussion of such estimates,
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First, intangibles can subvert the entire cost-benefit exercise. By claiming that they
are large enough, any project can be made admissible. A journalist commenting on
Britain’s deliberations about whether to construct a tunnel below the English chan-
nel gave this advice: “Build if, not because dreary cost-benefit analysis says it wiil
pay but becanse Britain needs a big project to arouse it” [Will, 19851 However, pre-
sumably anvone who favors & particnlar proiect can make & case on the basis of its
ability fo “arouse.” How does one then choose among projects? (The channel tun-
nel, of course, was nlimately built. When completed in 1994, it cost $15 billion,
more than twice the original estimate.)

Second, the tools of cost-benefit analysis can be nsed to force planmers to reveal
imits on how they value intangibles. Suppose the space shutile’s measurable costs
and benefits are C and B, respectively, and its intangible benefits, such as national
prestige, are an unknown amount X. Then if the measured costs are greater than
measured benefits, X must exceed (C — B) for the program to be admissibie. Such
information may reveal that the intangible is not valuable enough to merit doing the
project. If (C — B) for the space shuttle were $10 million per year, people might
agree that its contribution to national prestige was worth it. But if the f1gxzre were
$10 billion, & different conciusion might emerge.

Finally, even if measuring certain benefits is impossible, there may be aiternatzve
methods of attaining them. Systematic study of the costs of various alternatives
should be done to find the cheapest way possible. This is sometimes called cest-
effecfiveness analysis. Thus, while one cannot put a dollar value on national secu-
rity, it still may be feasibie to subject the costs of alternative weapons systems to
seratiny.

> GAMES COST-BENEFIT
ANALYSTS PLAY

In addition to the problems we have already discnssed, Tresch {2002] has noted a
number of common errors in cost-benefii analysis.

The Chain-Reaction Game

An advocate for a proposal can make it ook especially atiractive by counting sec-
ondary profits arising from it as part of the benefits. If the government builds a
road, the primary benefits are the reductions in transportation costs for individu-
als and firms. At the same time, though, profits of local restaurants, motels, and
gas stations increase. This leads to increased profits in the local food, bed-linen,
and gasoline-production industries. If enongh secondary effects are added to the
benefit side, eventually a positive present value can be obtained for practically any
project.

This procedure ignores the fact that the project may induce losses as well as prof-
its. After the road is built, the profits of train operators decrease as some of their
customers turn to cars for transportation. Increased auto use may bid up the price of
gasoline, decreasing the welfare of many gasoline consumers.

In short, the probiem with the chain-reaction game is that it counts as benefits
changes that are merely transfers. The increase in the price of gasoline, for exam-
ple, transfers income from gasoline consumers to gasoline producers, but it does not
represent a net benefit of the project. As noted later, distributional considerations
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may indeed be relevant to the decision maker. But if so, consistency requires that if
secondary benefits are counted, so should secondary losses.

The Labor Game

In 2005, Congress debated bills that authorized billions of dollars for & variety of
transporiation and energy projects. Opponents of the bills argued that their costs were
excessive, In response, Representative Roy Blunt of Missouri declared, “This is about
jobs, jobs, jobs, jobs, jobs” [Hulse, 2065, p. A20].

The congressman’s statement is a typical example of the argurnent that some proj-
ect should be implemented because of all the employment it “creates.” Tssentially,
the wages of the workers employed are viewed as bengfits of the project. This is
absurd, because wages belong on the cost, not the benefit, side of the calculation. OFf
course, as already suggested, it is frue that if workers are involuntarily nnemployed,
their social cost is less than their wage. Even in an area with high unemployment, it
is unlikely that all the labor used in the project would have been unemployed, o that
all those who were unemployed would have remained so for a long time.

The Double-Counting Game

Suppose that the govermment is considering irrigating some and that currently can-
not be cultivated. It counts as the project’s benefits the sum of (1) the increase in
value of the land, and (2) the present value of the stream of net income obtained
from farming it. The problem here is that a farmer can either farm the land and take
as gains the net income stream or sell the land to someone else. Under competition,
the sale price of the land just equals the preseat value of the net income from farm-
ing it. Because the farmer cannot do both simulteneously, counting both (1) and (2)
represents a doubling of the true benefits.

This error may seem so silly that no one would ever commit it. However, Tresch
[2002, p. 825] points out that at one time double counting was the official policy of
the Bureau of Reclamation within the US Department of the Interior. The burean’s
instructions for cost-benefit analysts stipulated that the benefits of land irrigation be
computed as the sum of the increase in land value and the present value of the net
income from farming it.

> DISTRIBUTIONAL CONSIDERATIONS

in the private sector, normally no consideration is given to the question of who
receives the benefits and bears the costs of a proiect. A dollar is a dollar, regardiess
of who is involved. Some economists argue that the same view be faken in public
project analysis. If the present vaine of a project is positive, it shounid be undertaken
regardless of who gains and loses. This is because as long as the present value is
positive, the gainers could compensate the losers and still enjoy a net increase in
utility. This notion, sometimes called the Hicks-Kaldor criterion,’’ thus bases proj-
ect selection on whether there is a pofential Pazeto improvement. The actual com-
pensation does not have to take place, That is, it is permissible to impose costs on
some members of society if that provides greater net benefits to other individuals.

"'Named after the economists John Hicks and Nicholas Kaldor.
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Others helieve that hecause the goal of government is to maximize social weifare,
the distributional implications of a project should be taken into account. Moreover,
because it is the actual pattern of benefits and costs that really matters, the Hicks-
Kaldor criterion does not provide a satisfactory escape from grappling Wilh distrih-
utional issues.

One way to avoid the distrihutional prohiem is to assume the governmcnt can and
will costlessly correct any undesirahle distributional aspects of a project hy making
{he appropriate transfers hetween gainers and losers.'? The government works con-
gnually in the hackground to ensure that income stays optimally distsihnted, so the
cost-henefit analyst need be concerned only with computing present values. Again,
reality gets in the way. The government may have neither the power nor the ahility
to distrihute income optimally.”® (See Chapter 12.)

Suppose the policymaker helieves that some group in the popu]aﬁon s espe-
clally deserving. This distributional preference can be taken into account hy assam-
ing that a dollar benefit to a member of this group is worth more than a dollar
going to others in the population. This, of course, fends to bias the selection of
nrojects in favor of those that especially benefit the preferred groupn. Although
much of the discussion of distrihutional issues has focused on income as the basis
for classifying people, presurmably characteristics such as race, ethnicity, and gen-
der can he used, as well,

Afier the analyst is given the criteria for memhership in the preferred group, she
must face the guestion of precisely how to weight benefits to memhers of that group
relative o the rest of society. Is a dollar to a poor person counted twice as much as
a dollar to a rich person, or 50 times as much? The resolution of such issues depends
on value judgments. All the analyst can do is induce the policymaker to state explic-
itly his value judgments and understand their implications.

A potential hazard of introducing distributional considerations is that political
concerns may come fo dominate the cost-henefit exercise. Depending on how
weights are chosen, any project can generate a positive present value, regardiess of
how nefficient it is. In addition, mcorporating distrihutional considerations sub-
stantially increases the information requirements of cost-henefit analysis. The ana-
lyst needs to estimate not only henefits and costs hut also how they are distrihuted
across the population. As we discuss in Chapter 12, 1t 18 difficult fo assess the dis-
trihutional fmplications of government fiscal activities.

> UNCERTAINTY -

in 2005, the levees protecting New Otleans were hreached during Hurricane Kafrina,
leading to disastrous flooding. This catastrophe serves as 2 grim reminder of the fact
that the ouicomes of puhiic projects are uncertain. Many imiportant dehates over proi-
ect proposals center around the fact that no one knows how they will furn out. How
much will a joh-training progiam increase the earnings of welfare recipienis? Wil
a high-tech weapons system function properly under comhat conditions?

2 Costlessly in this context means that the wansfer syslem costs nothing to admini
way that they do not distor people’s bebavior {see Chapter 15},

B Moreover, as the government warks behind the scenes to modify the income disirbution, relative prices probably change.
But s velative prices change, so do the benefit and cost calculations. Hence, efficiency and egquity issues cannot be sepurated
#s neatly as suppested here.

, and the tansfers are done in such 4
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Suppose that two projects are heing considered. They have identical costs, and
hoth affect only one citizen, Kyle. Project X guarantees a henefit of $1,000 with cer-
fainty. Project ¥ creates a henefit of zero dollars with a prohahility of one-half, and
a henefit of $2,000 with a probahility of one-half. Which project does Kyle prefer?

Note that on average, X and ¥ have the same henefit. This is hecause the expected
henefit from ¥ iz 42 X 88 + V2 X §2.000 = $1,000. Nevertheless, 1f Kyle is risk
averse, he prefers X to 7. This is because project ¥ suhjects Kyle to risk, while X 1s
a sure thing. In other words, if Kyle is risk averse, he would he willing to frade
project ¥ for a certain amount of money less than $1,000—he would give up some
income in return for gaining some security. The most obvious evidence that people
are in fact willing to pay to avoid risk is the widespread holding of insurance poli-
cies of various kinds. (See chapter 9.} Therefore, when the henefits or costs of a
project are risky, they must he converted into certainty equivalents—the amount of
certuin incoing the individual would he willing to frade for the set of uncertain out-
comes generated hy the project. The compuiation of certainty equivalents requires
information on hoth the distribution of reterns from the project and how risk averse
the people involved are. The method of calculation is descrihed in the appendix to
this chapter.

The calculation of certainty equivalents presupposes that the random distrihution
of costs and benefits is known in advance. In some cases, this is a reasonshie
assumption. For example, engineering and weather data could he used to estimate
how a proposed dam would reduce the prohability of flood destruction. In many
important cases, however, it is hard o assign prohahilities to various outcomes. There
is not enough experience with nuclear reactors fo gauge the likelihood of various
malfunctions. Similarly, how do you estimate the prohahility that a new AIDS vac-
cine will be effective? As usual, the hest the analyst can do is to make explicit his
or her assumptions and determine the extent fo which suhstantive findings change
when these assumptions are modified.

» AN APPLICATION:
ARE REDUCTIONS IN CLASS
SIZE WORTH IT!

In Chapter 7 we discussed research on the effect of class size on students’ test scores.
A related literature examines whether children in smalier classes have higher earn-
ings as adults, other things being the same. In one econometric analysis of the rela-
tionship hetween class size and carnings, Card and Krueger {1996] estimated that a
10 percent reduction in class size is associated with fisture annual earnings increases
of 0.4 to 1.1 percent. If it is correct, this estimate suggests that decreasing class size
does produce monetary benefits.

By itself, though, this does not tell us whether implementing reductions in class
size would he a sensihle policy. After all, making classes smaller is costly—more
teachers need fo he hired, additional classrooms built, and so on. Po the henefits out-
weigh the costs? Peltzrman [1997] employs the tools of cost-henefit analysis to address
this question. His analysis illustrates several of the key issues raised in this chapter.

Cost-henefit analysis entails selecting a discount rate and specifying the costs and
henefits for each year. We now discuss in turn how Peltzman deals with each of these
prohlems.
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Discount Rate

Theoretical considerations do not pin down a particular discount rate, 50 Peltzman
follows the sensibie practice of selecting a couple and seeing whether the substan-
tive resuits are sensitive to the difference. The (real) rates he chooses are 3 perceﬁt
and 7 percent.

Costs

Pelizman assumes that a 10 percent reduction in class size would require 10 percent
more of all inputs used in public school education—teachers, classroom space,
equipment, and so on. Thus, a permanent reduction in class size of 10 percent would
increase yearly costs by 10 percent. In 1994, the average cost per stzdent in US pub-
lic schools was about $6,500, so a 10 percent increase is $650, This cost is incurred
for each of the 13 years that the student is in school. Because these costs are ingurred
over time, they must be discounted. Row (1} of Table 8.3 shows the present value
of $650 over a 13-year period for both » == 3 percent and # = 7 percent. In our ear-
iier notation, these figures represent C, the present value of the project’s costs (per
student), at each discount rafe.

This calculation of C involves a variety of simplifications; one of the most mzpoz—
tant is that the costs per year of schooling are constant. In fact, per-student costs are
typically higher in high school than in elementary school. Allocating a greater pro-
portion of the costs to future years would tend to reduce their present value,

Benefits

As noted earlier, Card and Krueger {1996] estimate that the range of refurns to
an increase in class size is 0.4 to 1.1 percent. Peltzman takes the midpoint of this
range, $.75 percent. He assumes that individaals go to work immediately upon
leaving school, and work for the next 50 years. Hence, earnings are increased by
0.75 percent for each of the next 50 years. In 1994 median annual. earnings for
male workers 25 and older were $30,000; increasing this sum by 0.75 percent
implies a raise of $225 per year over a 50-year period. Just like the costs, the
benefits smst be discounted. Note that the first of these $225 flows occurs 13
years in the future; hence its present value is $225/(1 + /). The present values

Tabie 8. 3 Costs and benefits of reducing class sizes by 10 percent

Presant Value -

r= 7%

* (1) Costs {3650 annually for 1994 through 2006) - EREHEEN - R
“ {2) Benafits (5225 anmzaiiy for 2007 Ihmgh 2(}56) BREETIREERS. < v B
- {3) Benefits mim:s cosis . o Gh AR

':._Soume CQmptnahons based an Peitzman {19973 J _' ] '_ N _ e

These estimates suggest that the costs of reduysing olass size by 10 percent gubweigh the benefits, at sither a 3 or 7 pereent
discount rate,
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of the benefits per student (B} for both discount rates are recorded in row (2) of
the table.

Just as was trize on the cost side, the calculation of benefits involves a number of
important simplifications. Men generally earn more than women, so that using
median earnings for males imparts an upward bias to the estimate of the benefits,
Another issue is that earnings typically increase over time instead of staying con-

stant. Further, the analysis ignores nonmonefary retans to education, which might -

include a reduced likekhood to commit crime, better informed choices in elections,
and so on. To the extent that such effects are present, Peltzman’s estimates of the

_social benefits to education are too low.

The Bottom Line and Evaluation

Computation of the net present value of this project is now straightforward. For each
disconnt rate, take the benefit figure in row (2) of Table 8.3 and subtract from it the
cost in row (1}. These computations, recorded in row (3), reveal that when r is 7
percent, costs exceed benefits by $4,434, and when » is 3 percent, costs exceed ben-
efits by $3,060. Thus, with either discount rate, (B — ) is less than zero, and reduc-
ing class size by 10 percent fails the admissibility criterion. On this basis, Peltzman
conciudes, tongue-in-cheek, that students would be better off if class size were raised
by 16 percent, and the savings used to give each student a bond that paid the mar-
ket rate of interest (p. 226).

This analysis of class-size reductions illustrates some important aspects of prac-
tical cost-benefit analysis:

+ The analysis is often interdisciplinary because economists alone do not have
the expertise to evaluate ail costs and benefits. Thus, for example, engineer-
ing studies would be required to determine what expenditures really would be
needed to expand classroom capacity by 10 percent. Similarly, if one wanted
1o include crime rednction in the benefits, one would want to consult sociolo-
gists who study criminal behavior.

» Evaluation of costs and benefits, especiaily those arising in zhe fature, is
likely to require ad hoc assumptions. We noted earlier, for example, that
Peltzman’s simplifying assamption that earnings are constant over time is
certainly not correct. But in order to do better, one needs an alternative
assumption of how eamings wﬂl rise {or fall) over time, and it is not obvious
bow to do that.

+ In situations characterized by so much uncertainty, it may overburden the
analysis to include distributional considerations. For example, an investigator
who cannot predict with mach precision how class size affects earnings over-
ail can hardly be expected to estimate the distribution of the benefits by
income group.

* For all its limitations, cost-benefit analysis is a remarkably aseful way to
summarize information, It also forces analysts to make explicit their assump-
tions so that the reasons for their ultimate recommendation are clear, In the
case of Peltzman’s examination of class size reductions, for example, because
some of the assumptions are questionable, the conclusions may uitimately be
proven incorrect. Nevertheless, it is an extremely valuable exercise because it
establishes a rational framework within which to conduct future discussions
of this important issue.

i1
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» USE (AND NONUSE) BY
GOVERNMENT

This chapter clearly indicates that cost-benefit analysis is not a panacea that provides
a defmitive “scientific” answer to every question. Nevertheless, it helps to ensure
consisteut decision making that focuses on the right issues, Have these methods been
put to work by the government? The federal government has been ordering that
various kinds of projects be subjected to cost-benefit analysis ever since the 1930s.

Presidents Reagan, Bush, and Clinton each issued executive orders requiring cost-

benefit analyses for all major regulations.

That said, both Democratic and Republican administrations often ignore or fudge
orders to perform cost-benefit analyses, and the Congress has not been énthusiastic
about getting them dosne either. Indeed, Hahn et al. {20007 studied 48 maior federal
health, safety, and environmental regulations issued in the late 19%0s, and found that
agencies quantified net benefits in less than a third of them. The agencies simply do
not comply with the directives that require them to perform cost-benefit analyses.
Why hasn’t cost-benefit analysis had more effect on the style of government deci-
sion making? Part of the answer lies in the many practical difficulties in imple-
menting cost-benefit analysis, especially when there is no consensus as to what the
government’s objectives are. In addition, many bureaucrats lack either the ability or
the temperament to perform the analysis—particuiarly when it comes fo their own
programs. And neither are politicians particularly interested in seeing their pet proj-
ects subjected to scrutiny.

The story gets even worse when we consider the fact that, in certain vital areas,
cost-benefit analysis has actually been expressly forbidden:

+ The Clean Air Act prohibits costs from being considered when air guality
standards are being set. In 1997, when the President’s chief environmental
aide was confronted with the fact that the costs of some new environmental
regulations would exceed the benefits by hundreds of billions of doliars, she
replied, “it is not at all about the money. . . . These are health standards™
[Cushman, 1997, p. 28]. Any other stance wounld have been illegal!

= The same Act requires companies to install equipment that reduces pollution
as much as is feasible, regardiess of how small the benefits of the incremen-
tal reduction or how large the incremental costs of the equipment.

= The Endangered Species Act requires the Fish and Wildlife Service to protect
every endangered species in the United States, regardiess of the cost.

+ The Food, Drug, and Cosmetic Act requires the Food and Drag Administra-
tion to ban any additive fo food that may induce cancer in animals or
humans, regardless of how tiny the risk or how important the benefits of
the substance.

A 1995 atternpt by several members of Congress to change some of these laws
was defeated. Moreover, in 2001 the Supreme Court upheld the constitutionality of
the Clean Air Act’s prohibition of cost-benefit analysis. While this may have been
the right decision from a legal perspective, it was unfortunate from a policy stand-
point. Although cost-benefit analysis is surely an imperfect tool, # is the only ana-
lytical framework available for making consistent decisions. Forbidding cost-benefit
analysis amounts to outlawing sensible decision making.
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Summary

» Cost-benefit analysis is the practical use of
welfare economics to evaluate potential
projecs.

« To make net benefits from different years com-
parable, their present value must be compited.

« Other methods—internal rate of retum, bene-
fit-cost ratio—can lead to incorrect decisions.

« Choosing the discount rate is critical in cost-
benefit analyses. In public sector analyses,
three possible measures are the before-tax
private rate of refurn, a weighted average of
before- and after-tax private rates of return,
and the social discount rate. Choosing among
them depends on the type of private activity
displaced—investment or consumption——and
the extent to which private markets reflect
society’s preferences.

» In practice, the US government applies
discount rates inconsistently.

» The benefits and costs of public projects may
be measured in several ways:
Market prices serve well if there is no strong
Teason o believe they depart from social mar-
ginal costs.
Shadow prices adjust market prices for
deviations from social marginal costs due to
market imperfections,
If laber is currently unemployed and will
remain so for the duration of the project, the
opportanity cost is smail.
If large government projects change equilibrium
prices, consumer surplus can be used to meas-
ure benefits.

¥or nonmarket commodities, the valzes can
sometimes be inferred by observing people’s
behavior. Two examples are computing the ben-
efits of saving time and the bepefits of redacing
the probability of death.

= Certain intangible benefits and costs simply

cannot be measured. The safest approach is
to exclide them in a cost-benefit analysis
and then calculate how large they must be to
reverse the decision,

« Cost-benefit analyses sometimes fall prey to

several pitfalls:

Chain-reaction game~—secondary benefits are
incladed to make a proposal appear more favor-
able, without including the corresponding sec-
ondary costs.

Labor game—wages are viewed as benefits
rather than costs of the project.
Double-counting game—benefits are
erroneously counted twice.

Inclading distributional considerations in
cost-benefit analysis is controversial. Some
analysts count dollars egually for all persons,
while others apply weights that favor projects
for selected popuiation groups.

« In uncertain situations, individuals favor legs-

risky projects, other things being the same.
in general, the costs and benefits of uncertain
projects must be converted to certainty
equivalents.

Discussion Questions

1. “If you were running the government, would
you ask whether it would be cost-effective to
make children’s pajamas flame-resistant, or
would you just order the manufacturers to do it?
Would you be moved by the pleas of crib man-
ufactorers who told you it would cost them a
bundle to move those slats closer fogether?”

[Herbert, 1995]. How would you respond to
these questions?

. New Jersey recently instituted an enhanced auto

emissions testing system at inspection sites
throughout the state. According to news reporis,
the new tests increased waiting times from
about 15 minutes to 2 hours. How should this
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observation be factored into a cost-benefit
analysis of the emissions testing program?

A project vields an annual benefit of $25 a year,
starting next year and continuing forever. What
is the present value of the benefits if the inter-
est rate is 106 percent? {Hint: The infinite sum
x+ x5+ x4 -+ is equal to ¥/(1 — %), where
x is a number less than 1.] Generalize your
answer {0 show that if the perpetual annual ben-
efit is B and the interest rate is r, then the pres-
ent valus is Bfr.

. Suppose that you are planning to take a year

vacation to bike across the United States. Some-
one is willing to sell you a aew bicycle for $500.
At the end of the year, you expect to reseil the
bicycle for $350. The benefit to you of using the
bicycle is the equivalent of $170.

a. What is the internal rate of return?

b.  the discount rate is 5 percent, should you

buy the bicycle?

- Bill rides the subway at a cost of 75 cents per

trip, but would switch if the price were any
higher. His only alternative is a bus that takes
five minutes longer, but costs only 50 cents. He
makes 10 trips per year. The city is considering
renovations of the subway system that would
reduce the trip by 10 minutes, but fares would
rise by 40 cents per trip to cover the costs, The
fare mcrease and reduced travel time both take
effect in one year and last forever. The interest
rate is 25 percent.
a. As far ag Bill is concerned, what are the pres-
ent values of the project’s benefits and costs?
b. The city’s population consists of 55,000 mid-
dle-ciass people, all of whom are identical to
Bill, and 3,000 poor people. Poor people are
either unernployed or have jobs close to their
homes, so they do not use any form of pub-
fic transportation. What are the total benefits
and costs of the project for the city as a
whole? What is the net present value of the
project?

¢. Some members of the city council propose

an alternative project that consists of an
immediate tax of $1.25 per middie-class per-
son to provide “free” legal services for the
poor in both of the following two years, The
legal services are valued by the poor at a
total of $62,500 per year. (Assume this

h
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amount is received at the end of each of the
two years.) What is the present value of the
proiect?

d. If the city must choose between the subway
preject and the legal services pro_]ect which
shonid it select?

e. What is the “distributional weight” of each
dollar received by a poor person that would
make the present values of the two projects
fust equal? That is, how much must each dol-
lar of income to a poor person be weighted
relative to that of a middle-class person?
Interpret your answer,

Suppose that the government is debating
whether to spend $100 billion today to address
climate change. E is estimated that $700 billion
of damage will be averted, but these benefits will
accrue 100 years from now. A critic of the pro-
posal says that it would be far better to invest
the $100 billion, carning an average real return
of 5 percent per year, and then use the proceeds
in 100 years to repair the damage from climate
change. Is this critic correct?

- Suppose that the city government is considering

a law that requires everyone to have at least
three people per vehicle while driving during
rush hour. In debating the plan, the mayor says
the law will generate benefits in terms of cleaner
air and less traffic congestion. The mayor
acknowledges that there might also be costs
involved with the aw, but states that these might
actually be negative because car owners will
experience less wear-and-tear on their automo-
biles, and hence spend less money on repairs.

- Comment on the mayor’s reasoning. How would

you determine if the proposed requirement on
carpoching is a good idea?

. Several years ago, the Congress was debating

whether to keep alive the B-2 Stealth bomber
program. The Department of Defense did sot
want to spend its money on this project. But Cai~
ffornia’s Senator Dianne Feinstein definitely
wanted it. The bomber, she declared, “can
deliver a large payroll, precision or carpet.” In
the Congressional Record the next day, her
remarks were amended to read “payload’” rather
than “payroll” [Ricks, 1994, p. Al4]. How does
this comment by Senator Feinstein relate to the
“labor game” discussed in the chapter?

9, According to Currie and Gruber {1596}, the
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expansions of Medicaid in the 1980s led to a
decline in child mostality of 5.1 percent. They
calculate that the cost of the expansion per life

» CALCULATING THE CERTAINTY

EQUIVALENT VALUE

This appendix shows how to calculate the certainty equivalent vaiue of an m:lcez_‘{ain
project. As such, it also serves as an introduction to the economics of uncertainty,
which we will discuss in greater detail in Chapter 9.

Consider Jones, who currently earns £ dollars. He enters a job-training program
with an unprec}ictabie effect on his future earnings. The program will leave his
annual earnings unchanged with a probability of ', or it will increase his earnings
by y dollars, also with a probabiiity of 1.'* The benefit of the program is the amount
that Jones wouléd be willing to pay for it, so the key problem here is to detemzme
that amount. A natural answer is y/2 dollars, the expected increase in his earnings.”
However, this value is too high, because it neglects the fact that the outcome is uncer-
tain and therefore subjccts Jones to risk. As long as Jones dislikes risk, he would
give up some income in refurn for gaining some security. When the benefits or costs
of a project are risky, they must be converted into certainty equivalents, the amounts
of certain income that the individual would be willing to trade for the set of uncer-
tain outcomes generated by the project.

The notion of certainty equivalence is illustrated in Figure 8.A. The horizontal
axis measures fones’s income, and the vertical axis indicates the amount of his util-
ity. Schedule QU is Jones's utility function, which shows the total amount of‘util-
ity associated with each income level. Algebsaically, the amount of utility asse(:late.d
with a given income level, 7, is (D). The shape of the schedule reflects the pl_aqsz-
ble assumption that as income increases, ufility also increases, but at a declining
rate—zhere is diminishing marginal utility of income.

* Prohabilities of 142 are used for simplicity. The general results hold regardiess of the probabilides chosen.

5 Hixpected eamings are found by mnitiplying each possible ovtcome by the associated probability and thes adding:

(A X0+ 5 X r) = w2
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saved was about $1.6 million. How would you
determine whether or not the Medicaid expan-
sion passed a cost-benefit est?
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Figure 8.A

Computing the
certainty
eqguivaient of a
risky project
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To find the ntility associated with any income level, simply go from the horizon-
tai axis up to OU, and then off to the vertical axis. For example, if the training proj-
ect yields no return so that Jones’s income is £, then his utility is U(E), as indicated
on the vertical axis. Similarly, if the project succeeds so that Jones’s income increases
by v, his total income is (£ + ), and his utility is U(E + ).

Because each outcome occurs with a probability of ¥4, Jonies’s average or expected
income is £ + y/2, which lies halfway between £ and (£ + y) and is denoted 7.
However, what Jones really cares about is not expected income, but expected
utifiry.® Expected utility is just the average of the ufilities of the two outcomes, or
YBIEY + YWIHE + y). Geometrically, expected usility is halfway between U(E) and
IKE + y) and is denoted by U,

We are now in a position to find out exactly how much certain money the job-
training program is worth to Jones. All we have to do is find the amount of income
that corresponds fo utility level U, This is shown on the horizontal axis as €, which
is by definition the certainty equivalent. Ft is crucial to note that C is less than Je
the certainty equivalent of the job-fraining program is Jess than the expected income.
This is consistent with the intuition developed earlier. Jones is willing fo pay a pre-
mium of (7 — C) in exchange for the security of a sure thing, We have shown, then,
that proper evaluation of the costs and benefits of an uncertain project requires that
the project’s expected vaiune be reduced by a risk premium that depends on the shape
of the individual’s utility fanction.

*Those who are familiar with the theary of uncerfainty will recognize the mplicit assuinption that individualy have
"Von Neumanu-Mergenstern utitity functions.”
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In a way, this is a disappointing outcome, because it is much simpler to compute
an expected value than a certainty equivalent. Fortunately, it turns out that in many
cases the expected value is enongh. Suppose a new bomber is being considered, and
becanse the technology is not completely nnderstood, analysts are unsure of its even-
tnal cost. The cost will be either $15 per family or $25, each with probability of 'A.
Althongh in the aggregate a large amount of money is at stake, on a per-family basis,
the sums involved are guite small compared to income. In terms of Figure 8.A, the
two outcomes are very close to each other on carve OU. As points on OU get closer
and closer together, the expected value and cerfainty equivalent become virtually
identical, other things being the same. Intvitively, people do not require a 1isk pre-
mium to accept a gamble that involves only a small amount of income.

Thus, for projects that spread risk over large numbers of people, expected vai-
ues c¢an provide good measures of uncertain benefits and costs. But for cases in
which risks are large relative to individuals’ incomes, certainfy equivalents must be
computed.
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