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Introduction

« Cost-benefit analysis is a set of
practical procedures for guiding public
expenditure decisions.
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Present Value

* Project evaluation usually requires
comparing costs and benefits from
different time periods

» Dollars across time periods are not
immediately comparable, because of
inflation and returns in the market.
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Present Value:
Present Dollars into the Future

« Suppose you invest $100 today in the
bank . ..

— At the end of year 1, it is worth (1+.05)x$100,
or $105

— At the end of year 2, it is worth (1+.05)x$105,
or $110.25

— The interest compounds over time, that is,
the interest is also earning interest.
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Present Value:
Present Dollars into the Future

 Define
— R =initial investment amount
— r = rate of return on investment

— T = years of investment

» The future value (FV) of the investment is:

cy 2RO

2
Ex: T T=2 o FUE R+
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Present Value:
Future Dollars into the Present

« Suppose someone promises to pay you
$100 one year from now.

* What is the maximum amount you should
be willing to pay today for such a
promise?

* You are forgoing the interest that you
could earn on the money that is being
loaned.
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Present Value:
Future Dollars into the Present

» The present value of a future amount of
money is the maximum amount you
would be willing to pay today for the right
to receive the money in the future.
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Present Value:
Present Dollars into the Future

* Define
— R = amount to be received in future Fﬂ‘/ﬁﬁ‘/r FuTUE.
o———9©

— r = rate of return on investment \/
— T = years of investment
» The present value (PV) of the investment is:

P\/ - —,—-—@—77:‘7? Dj:gFOV/\//_ MTE
1@‘ + JQ/ .
—ea- ) 4cT
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Present Value:

Future Dollars into the Present
L

OR (14 AT
 In previous equation, r/s often referred to as the
discount rate, and (1+r) T is the discount factor.

 Finally, consider a promise to pay a stream of
money, $R, today, $R, one year from now, and
so on, for T years.

F\/:Rofﬁ +  Re "'RLfoo,{"QT
(1 +)L> (+" (1+2Y (142
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Present Value:
Future Dollars into the Present

* Present value is an enormously important
concept

« A $1,000,000 payment 20 years from now
is only worth today:

— $376,889if1=.05) A =5/

— $148,644 2< 10>

: ColNT RMFE TVE  Lowsr  PRESFAT
TWE mlenpn  THE DB ME, THE oW
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Present Value:
Inflation

 Nominal amounts are valued according
to the level of prices in the year the return
occurs.

* Real amounts are valued according to
the level of prices in one particular year.

« Inflation affects both the payout stream
and the discount factor, and these two
cancel each other out.

" 3
PV: Ro 1‘/@4()2’ + @1+@“+999
W[H ') O/’FW)L({"’/L) W(/+/L)3

T
+ 4T ke
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Private Sector Project Evaluation

« Suppose there are two projects, X and Y.

 Each entails certain benefits and costs,
denoted as BX, CX, BY, and C.

* Need to ask: - TMILEMEAT
_ i ssible? ok
Is the project admissible? NoT pREMAT

— Is the project preferable?
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Private Sector Project Evaluation

« Admissible: Are the benefits greater than
the costs?

* Preferable: Are the net benefits the
highest?

* Most projects involve a stream of benefits
and costs over time.
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Private Sector Project Evaluation

» Define:

B' = Benefits from project i at time t

t

C/ = Costs from project i at time ¢

* Then the present value of project i is:

(8 -cy) v (o -e)  +(8-8) ... (34’4”

PV = R
(i+n)

<

G +2)% </+_}Z)T

14
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Private Sector Project Evaluation

* The present value criteria for project
evaluation are that:

— A project is admissible only if its present
value is positive.

— When two projects are mutually exclusive,
the preferred project is the one with the
highest present value.

15
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Private Sector Project Evaluation

« Table 11.2 shows two different projects
(R&D or Advertising).

* The discount rate plays a key role in
deciding what project to choose, because
the cash inflows occur at different times.

 The lower the discount rate, the more
valuable the back-loaded project.
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Table 11.2

Table 11.2 Comparing the present values of two projects

Annual Net Return PV
Year R&D Advertising r= R&D Advertising
0 ~$1,000 -$1,000 0 $150 < s200
1 600 —0- 01 128 < 165
2 -0- —0- 03 86 < 98
3 550 1,200 05 46 37
07 10 =21

=2 wien A< o7 0O MIE ADMISIGLE , W/ fr=.ox, ADV £ poT APMSSDHE

f7. iRV
T GPES  TWE HIGHER P CoMPALED TO
R3O0 fRoFFCT.
Wity R =05 ,.97 ) FuRnS our  TuaT  R3D ¥
PREFRRED TO  ADV. PROJECT,

ho= 0,005, AW pRoTECT P4 PREFEREN QTACE
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Private Sector Project Evaluation

» Several other criteria are often used for
project evaluation, but can give
misleading answers

— Internal rate of return  ( UZ/Z>
— Benefit-cost ratio ( &-¢ K/H’IO>

18
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Private Sector Project Evaluation
RHo

» The internal rate of return, p( is defined as the p
that solves the equation:

O = (@o’ Cto> + (97, ~QJ> s (g_/__ CT>

—

(1P (L+p>"

» The IRRis tThe discount rate that would make the
present value of the project equal to zero.

— Admissible if p>r.

— The flawed analysis would choose an admissible project
with the higher internal rate of return, ignoring scale.
19
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Private Sector Project Evaluation

 The benefit-cost ratio divides the discounted

stream of benefits by the discounted stream of
costs. In this case:

B=stream of benefits and C=stream of costs:

ev Or—/ — B = [0 T B/ + ... - Bf‘
G IMFETS [+ (1 +2)"
Pv ¢/~ C - Co C, . C(r

cosTS [# AL (L4207
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Private Sector Project Evaluation

» Admissibility using the benefit-cost ratio

requires:
By
ol

« This ratio is virtually useless for comparing
across admissible projects, however.

@tio can be manipulated by counting benefits
as “negative costs” and vice-versa.

-

6 = 2%‘@ 6 = 200

ol = 0o A= 100
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Discount Rate for Government
Projects

« Government decision making involves
present value calculations.

» Costs, benefits, and discount rates are

somewhat different from private sector.
e MARKET W COMPETIMME —> MO MWKET  DISTOZrow S
CSoChr 0ES COVAT RATE Vo Ekr’gl/"M—WF/S/p
GOVRLVMIVT DTSIOUMT RATE CAV BE Eauhz To
THE ATE VUSED TV PRIVATE  SECTR .

o SOCLAL DESQOUMT RME  REFLECS A Soctery % RELATTULA
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™ ME FUTVRE.
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Po5T=CT S .

MTACH  LESS WEIGHT  To BEVERTT .8 (05T STREAM ¢

T octuR T TUE DCSTAVT FUTUE Bul
FAVOR $ prodzcls  // BEVERSS S CosT OCCLrmg-
AT LATEL  PDATEY

New Section 9 Page 24



WMV  NoU SET A RECATIVELY oW opR
Vou AR UKELY TO - PAKUR PLodECS  THAT

PEVEPRT §  OCCURV G AT (ATER  PRATES |

New Section 9 Page 25



Page 24

Tuesday, October 20,2015 11:08 AM

Discount Rate for Government
Projects

. LeET‘. consensuS on apprgﬁriate discoung rat% in
public sector. One possibility are rates base By
on returns in private sector. % =D rED M

— Assumes all of the money that is raised would have Mo MARKET

been invested in a private sector project. DES TUR oAy
— Inreality, funding comes from a variety of sources — -

investment and consumption. NO E XTERVAZETY/
— Funding that come from consumption should be

discounted at the affer-tax discount rate.
— Hard in reality to determine what proportions of ﬁg/ NLSTVR TEoAX

funding come from consumption or investment. CREAT ,
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Discount Rate for Government
Projects

* Another possibility is the social rate of
discount — which measures the valuation
society place on consumption that is sacrificed
in the present.

 Differs from market returns because it:
— Accounts for concern about future generations }

— Involves paternalism

- M Ilve som rket inefficiency such as positive
externalities

QovT MEGHT vSE oWz DISCounT RATE
TWin THE. RATE XED v PRIVATE. QECrR ¢
AS  TME PRoJECT BTSSELF MEGAT  HELS
SOLUTV & | LETRSAY,  EXTERVALCIY #Roguam.
Ex’  wATERL  TREATMEAT mmzu;

PRosECTY TMAT TACKLE  GeoBAr
W ARMIV G-,
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Discount Rate for Government
Projects

use a real rate of return of 7%, on the
assumption that this measures the
before-tax rate of return in the private
sector.

* In reality, federal agenciiial%required to

H o MELLLo —
+ Some use 2% real return instead, thought [©C Feetoy  opqy

to measure the after-tax rate of return. D= 1o, BJF TAX
—_—_— =
DN P4HE = 22)

27
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Discount Rate for Government
Projects

 When a new tax or expenditure is
introduced, its effects over a 5-year or 10-
year period are analyzed to see whether
it will put the budget out of balance.

— Ignores discounting.

— Costs (or benefits) outside of the window are
not counted toward deficit (or surplus).

28
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TAN GTALE ™ T er e TAV éxsefz

\r/ \}/ eTan eyse ¢
Valuing Public Benefits and CoOsts

» Recall that the discount rate, benefits,
and costs are needed to compute the
present value of a project.

« For private company:
— Benefits = revenues received

— Costs = firm’s payments for inputs

29
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Valuing Public Benefits and Costs

« Consumer surplus

— Public sector projects can be large and
change market prices.

— Figure 11.1 measures the change in
consumer surplus from a government
irrigation project that lowers the cost of
agricultural production.
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Valuing Public Benefits and Costs

« For public sector, market prices may not reflect
social benefits and costs.

— Externalities, for example

« Several ways of measuring benefits and costs
— Market prices
— Adjusted market prices
— Consumer surplus
— Inferences from economic behavior
— Valuing intangibles

30
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Figure 11.1
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Valuing Public Benefits and Costs
T MAGKET S cOMPETIIME,  PRECE W12y

— RIEFLECT

» Market prices
MARQI A7 CoT

— In a properly functioning competitive
economy, the price of a good simultaneously OF TmITY ) pie Sopcsy
reflects its marginal social cost of production v
and its marginal value to consumers. T

— Ignores market imperfections

— Easy to gather

31
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Valuing Public Benefits and Costs

* Adjusted market prices

— If markets are imperfect, prices generally do
not reflect true marginal social cost.

of a commodity is its true,
rrarginal social cost, which can
sometlmes be estimated.

— Examples where insights can be gleaned
include monopoly price, taxes, and
unemployment.

32
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Valuing Public Benefits and Costs

* In this figure, the change in consumer
surplus is area bcgd.

* Provided the government planner can
accurately measure the demand curve,
the project’s benefit can be measured
with this change.

35
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Valuing Public Benefits and Costs

* |Inferences from Economic Behavior

* Many times a good in question is not
explicitly traded, so no market price
exists.

« Examples:

— Value of time
— Value of life
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Valuing Public Benefits and Costs

* Value of time

 |In cost-benefit analysis, need to estimate
the value of time to take advantage of
theory of leisure-income choice.

— After-tax wage is often used

— But hours of work not always a “choice,” and

not all uses of time away from job equivalent.
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Valuing Public Benefits and Costs

* Researchers have examined value of
time by travel commuting choices.

— Trains are more expensive, but less time-
consuming, than buses. The same is true
about non-stop airline flights versus those
with a layover.

— Estimates are that value of time
approximately half of the before-tax wage.
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Valuing Public Benefits and Costs

* Value of life

* The mindset that “life is priceless”
presents obvious difficulties for cost-
benefit analysis.

* |f the benefits of a saved life are infinite,
any project that leads to even a single life
saved has an infinitely high present
value.
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Valuing Public Benefits and Costs

« Economists use two methods to assign finite
values to human life:
— Lost earnings: Net present value of individual’s
after-tax earnings over lifetime.

+ Taken literally, no loss for aged, infirm, or severely
handicapped

— Probability of death: Most projects affect probability
of death (e.g., cancer research). People are willing to
accept increases in the probability of death for a finite
amount of money.

40
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Valuing Public Benefits and Costs

 Examples:

— Purchasing a more expensive, safer car with
a lower probability of death versus a less
expensive, less safe car.

— Occupational choice: Riskier jobs have E), 3—
higher wages, all else equal

— Willingness to pay for safety devises like
smoke alarms.

41
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Valuing Public Benefits and Costs

» Estimates suggest value of a life between
$4,000,000-$9,000,000

« Can contrast this versus the cost per life
saved:

— Emergency floor lights on airplanes cost
about $900,000 per life saved

— Asbestos removal rules cost $100,000,000
per life saved

42
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Valuing Public Benefits and Costs

(-8B > O =

* Valuing intangibles

— National prestige, others _ IV TACT BLF
+ Can be used to subvert entire cost-benefit UAzLES LT E
analysis

N przony  (RESTIGE
+ Could use difference between costs and
\ — — A CLO {/S,
benefits to make an argument on how large W’@ C —65 (0 Mibeten /VK

intangibles would have to be to make the
project admissible @ C—R = (0 (7 Eccm//s/ v
43
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Cost-Benefit “Games”

QE/VEF/EW Ext QovT
guILLp S

+ Chain-Reaction game < Clos A ROAD

— Include secondary benefits to make a proposal
appear more favorable, without also including the

secondary costs Gov
« Labor game ° > onsen ke
— Wages are viewed as benefits rather than costs of OF DNEVELOPINVG-
the project
e TIEs  LAVD
« Double counting game P LAMD
— Benefits ice @ { PRECE CF LAWVD

VET STRRAM 0F
WOME  FRrory
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Distributional Considerations

 The Hicks-Kaldor criterion bases project
selection on whether there is a potential Pareto
improvement

— May imposes costs on some if benefits on others are
larger

« Others view some groups in population as
“more deserving” and argue this should be
taken into account in project selection

45
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Uncertainty

* The results of many projects are
uncertain (e.g., AIDS vaccine research or
defense research).

* In risky projects, benefits or costs must
be converted into certainty equivalents
— the amount of certain income the
individual would trade for a set of
uncertain outcomes generated by project.

46
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Uncertainty

* Requires information on distribution of
returns and risk aversion.

« Figure 11.2 shows a risky project (E,E+y)
and a certain project (C) that give the
same expected utility.
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Figure 11.2
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Uncertainty

* Requires information on distribution of
returns and risk aversion.

« Figure 11.2 shows a risky project (E,E+y)
and a certain project (C) that give the
same expected utility.
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Recap of Cost-Benefit Analysis

* Present value

» Private sector project evaluation

« Discount rate for government projects
» Valuing public benefits and costs

« Cost-benefit “games”

« Distributional considerations

* Uncertainty .
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