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AT STRACT
Discounting 1s a means of assigning different welghts

to coste expected to be incurred in differe..t future time

periods. Such costs are a vital element of coat-effective~

nees studies, which under present Department of Defenes

policy provide the primary basis for mii.tary procurement

and force structure decision making.

; The discounting process is reviewed, and an attempt

| 1s made to identify quelitatively the factors which should

determine the diczount rate to be ueed in Department of

Defense cost-effectiveness studies. These factore are

separated into two groups: those which apply to coet-

L e e et e

gffectiveness studies of all types of weapons systems, and
thoee which depend ur n the type of syster being considered.

Finally the manner of presenting the results c? the

discounting proces3 to the declielonm.ker is disecuesed.
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method of converting a multiperiod problem to a static

problem in economic inveetment theory. The private firm

T R

By e

1. Introductiorn.

The technique of diecounting future coets and beneflite

in order to obtain their present values l= an accerted

1

in a market economy 1s sssumed to bn a profit maximizer;
i.e., to act so as to maximize ‘he Z1flsrence between
revenues and coete, where both are meseured in dollare.
When investpents which invoive revenues and coats occurring
in ﬁie;lmilar time periode sre being coneidered, the firm
should invest in such a way as to maximize the difference

betveen the present valuee of future revenues and coets.2

Discouriing 18 the technique used to obtain these present
val 28 of future revenues and coete.}
In government operaticns, and in particulac in Depart-
ment of Defense operations, similar !nveetment ailocation
problems arise during the formulation of procurement pol-
icies and the plaununing of future force compositicns. Al-
though the discounting procedure is still applicable, im-
portant corplications are introduced by the abeence of a

marketplace for gcvernment output. Perhaps the mnet seri-

ous practical Aiffioculty introduced is that government

1Roland N. McKean, Efficiency in Government through

ﬁgggiga gnglvaio (New York: John Wiley and Scne, Ine.,
1 ; T0.
Q

ibid.
vid., 76-78.




!
returne cannot be measured directly as lollar revenues from
eales. A related difficulty is the determination of the

; dieccunt rate to be used in pr:csent value calculations.

This paper is concerned with the latter problem.
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Cost-Effectiveness Studles.
Before a prcper diecount rate can be Jdetermnined it is
nececuary to descirlbe the 1investment actlon beinaz contem-
plated. To a large extent current major Dcfence Depart-
ment declsiong, includina inveetment declelone, are made on
the bsels of eysiems analysee.l Lystene analycee are ana-
lytical studies of alternative meanc of acconpliehing some
Defense Department objective. Theece objectives are usually

attained through employrvent of osne or pore weapons systems.2

A2 nged here, a weapons eystep ls defined ag the pri-

mary equipment needed to perforz a certaln mission, plue g

8ll of the men, facllities, and equlipment required fer te

b ———— ey,
.

Jytilization and support. As &n exarple consider an under-
water-launched medium range tsllistic mieelle eystem. Here
| the defense objective pight be the abllity to retaliste

againet gn eneny who attacke first, and vy posseesing thie

capability to deter cuch an enemy attuck. The capanlility

lﬁtatement wale by Dr. Aluin C. Entnoven, Deputy
Aselstant becratary of Defence (GEyeteme Analygie), in an
addrees to the etudent bod. of the U. t. Naval Pcstarsiuste
Bchool, Monterey, Callfornis, 17 Fetruary, 1965.

°the terw "syeteme anslysle” e not preciesely lefined
in the literature. Eynonymous terss in 31{ferent spplica-
tions are operatione research, eysteme recearch, systene
deasign, eystems engineering, managecent rclence, and coet-
effectivenese analysis. See RAND Ccr-uration, Anslyeis for

g;lg&ggg ?gg}:;oga, by E.5. Quade (ed. ). RAND pudblicstion
R-387-rR (tanta Moniocs, Calif.: The RAND Corporsticn,

Noveaber, 1964), 3. On page four QJuade Jdefiner £ys exe
enalyels ar followe: “When ueed in & wilitary context, the
label ‘systeme snalysis' 1r arplied very broasdly to sny
eystematic spproach Lo t e cotparieon of alternatives.




decired mighi pe massurad by the ability to destiroy & large

number of er#myv targzts afier puatsining a nuclear firet

e o

etrike. The weapons system ftself includes ncit only the

required rumber of;m18611é8 andé iheir submarire launching
pletror&a,_but the tralnsd crews, supply shipe, an” sainte-
n&nae,‘u?&rgaul. and operating bases meeded fur thelr sup-
port. i

The digcouating:proéedure dlseugsed ir thie paper ap-

m

% : C ‘p3ées primavily 10 precureme:t nd F2rce composition eystems
: | snalyees; thes ia, shudies Lc;degida_what eysteme to buy or
develop now 80 that future mflitsry fcroese will tave tha
da&lréé capabl.iti«s., This type qt analysele le undertaken
to ssgelet & a?ciaionm@ker; who, beine faced wit a general

f : : fuﬁure're@mirsﬁént, muet decide whether to develop, buy and

operate one system or a copblnation of two or more eystems

- -

5'; now. If a combination of two or more systems 1s viewed as
| iteelf conprieing a syeten, then the decisionmaker’'e job

5 ; oan alwaye be described ae chooeing a single éyetem from

” among the alternstives.

Defense Department systens analyses have genarsally

. | ‘evolved as economic anslyees, or "coest-effectiveness" stud-
é f 138.3 Coet-effectiveneses studler are eo nsmed ainply be-
§ | cause the two main system features studled are the eyetem
§ E . coet and the system effectiveness. i
g Syeten effectiveness has been & traditional concern ~?’

of the military services, and the specific investigation

3Enthoven, op. 3it.
L, *

Creanm
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of effectivenece in etudles of future weapons systeme 18
not new. The effectiveness of a eystem '8 defined at the
degree to which the system is able to accomplish a stated
object%vo. Although eystem effectivenese 18 easily defined,
1ts co%rect measuresent is one of the most difficult prob-
lems systems analysts fsce. First there 1s the deceptively
Aifficult problem of choosing the correct unit of measure-
ment.4 0f equal 4Aifficulty ie the problem of appliying this
neasure to & future situmtion whichk 18 pervaded by uncer-
tsinties.S

The cost of a syetem is defined to be the esur of the
reel coste of the resources veed by that eyeter durinsg a
glven time period. Reeource consis are zessured by thelr
cpportunity cost. That ie, the cost of 2 rescurce in some

specific use ie the value «f that resgurce In its best

aiternative use.6

Since the ywocurement and force compe-
gltion cost-effectivenees studies whioh are being coneid-
sred in this papér invelve conmelderation of future time
periode, in which the aﬁpply of a given resource is not
rigidly fixed, it 1s perhape safe to assmume thet resource

costs can be measured in dollare.7 It is becaugse ths total

“Oharles J. Hitoh and Roland N. MoKean, The Eoonomjgs
of Lefense in Nuglear Age (Cambridge: Harvard Univer-
sity Press, 1963), 179-181. ‘ .

51949;-. 188-192.
GM'v 26‘
7
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supply of resources available to the Derartment of Defense

e g ez mae

18 linited that system coste become such an 1mport§nt con-
slderation in 1ilitary cost-effectiveness atudiee.8
Assume that the decislonmaker has been provided with

the occet and effectivenese of each of ceversl alternative

systema proposed to eccomplish an objective. The declalon-
maker must choose the "best" of theee eystems, but what cri-
terion does he use to identify that eystem?9 He could

chooese the moat effective eyestem without regard to cost,

but 1f systews were deslgned to meet this criterion thelr

costs would undoubteily be prohibiilvely high. Carried to

: the extreme, the use of thls criterion could result in
i

spending all available resources on & éyetem which 18 ex-

tremely effective in esome ringle nission, and thus being

unable to accomplish sll other objectiver. Alternatively,

the decisionmaker could choose the leset-gccst eystem.

But
desligning a esystet to ninimlze coste alone would ultimately

lesad to a zero cost, zero effectiveness system. The least

coet criterion which could lead to choosinz such a system

i2 clearly a bad one.

\ emrge rtwidem g b X

A criterion of chooping the system

ST PR

for which the ratio of system cost to syetem effrnotivenese

o

is lowest, without regard to the actual magnitudes of cost

3pid., 2.

9

The next twc paragraphs briefly outline the selection
of & proper decieion oriterion. For s more comprehensive

troatment of this problem, see Hitoh and MoXean, Ibid.
164-168. ’ ' '
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or sffectiveness, could result 1n equally undesireable
cholces,

Similarly if cost 1s measured in dollars end

ef"“sctiveness it measured in some other unit, as ie usually
the case in nilitary analyses, then the criterion of choos -
ing that system for which the 4ifference between effective-

negs and coset is a maximum 18 infeasible, since that d4if-
ference is undefined.

Either of two conceptually equivslent coriteria appears
best.

Bystems can be designed so that the costs of each

system over the relevant time period are equal.

If this
ie done, the correct criterion is to choose the most effec-
tive of the systems.

The .problem in this case 18 determin-

ing what the fixed cost level eghould be, since future de-

fense budgets are not fixed. Alternatively and equiva-

lently, systemes can be doéignad s0 as to have equal effec-

tiveness over the relevant time pericd. In this csee, the

correct oriterion ie to choose the leact-coet ~stem. Again

the problem is to determine what the fixed effeoctiveness

level should be, but this 1s often at lea * ~oughly indi-
cated by the objective to be 3et.

Although the discounting
procedure dieccussed in thie paper 1s applicable to studies

using sither of these equivalent criteria, the development
of discounting in thies paper will be based on eysteme stud-
les which are designed to hold the effeoctiveness levels of

the alternative systeme equal.

An understanding of the general methodology of cost-
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effectiveness studlee is aleo 1mportant for determining

the proper discount rate. The decisionmaker first provides

a genersl scenario for the study. Thls scenarlio includes
the time frame for the study, the general enemy threat
posed, and a general dsecription cfxfriendly forces. 1t
may or may not include more specific guldance regarding
budget levels, enemy capabllities, allies, stratezic con-
straints, etc. A projlect leader 1s appéinted to dlrect
the study and te coocrdinate the efforts of the members of
the study team. Within the study team one group of ana-
lysts proposes the alternative weapons systems, deviames s
measure of effectivensss, decides the level or levels at
which effectiveness will be fixed, and through operations
analysis techniques determines the configuration and number

of unite required over time to achieve the desired efrfec-

tiveness. A second group of analyste estimates the sosts of

the proposed syetems, using the system confilgurations and

number of units required as inputs.

19&: susmarized from & leoture by Mr. Patrick J.
Parker, Center for Naval Anslyses, Naval Warfare Analysis
Group, Arlington, Va., to the Operations Analyesis currio-
ulua studente of the U. 5. Naval Postgraduate Sonavol,
Monterey, Calif., November 19, 1364.

8
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3. The Riscounting Process.

in the last nection the declielion problem in cost-

effectiveness studies wap limited to the case where two

or more equally effective alternative means of achieving

some objective have been identified. The criterion for
cholce between these systeme 1s that of least cost. But
wha' cost figures should be compared in the decision-
meking procees? The question arisee bacause the coste
of the alternative esystems are estimated over a future
time period, a period whisch usually ie several yeare long
and vhioh often extends over the expected useful life-
time of one or more of the systems.

It is possible that the sum of the research and de-
velopment, initial investment, and operating costs of
one of the alternative eystems will be strictly leas than
the corresponding costs of each of the other systems in
eyery year of the time period under coneideration. In
this case one system is clearly the least cost system,
and no further comparison of costs would be nedessary.
However, it 1e often the case that one system will have
higher costs than another system in one or more years
of the time period under consideration, but that the re-
verse will be true for the remaining years. A typioal
exanple 1s where one eystem is an exiesting system reguir-
ing no research, developsent, or initial procurement, but
whioch will inour inoressingly heavy operating and replace-

ment costs in the future. ZThe other systes is a new
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system requiring relatively heavy r:search, development
and initial invertment costs, but whose operating and re-
Placement costs will be relatively low once that system
becomes opsrational. In this more usual case the leasc-
cost criterion will fall to identify a preferred system,
unless the term "cost" is modified to include a specifi-
cation of how costs occuring in different time periods
are to be welighted.

The lecieionmaker could give costs in all time per-
iode equal weight and compare the total oogte of each
system. However, coste incurred in different time per-
iods are not equivalent, even acsesuming constant prices
for all resources. This is easily appreciated by con-
sidering a sltuation on the level of personal finances.

If & person could receive an expeneive item today, would

he rather pay for it today or a year from now? Fayment

& year from now ie olearly preferable, sincs just by leav-
ing the amount of money involved in a savings account for

& Year he ocould make the payment then and still retalin the
interest sarned on the account. Of course there are other
ways to sake money “work" over time. Regardless of the
reason for the time preference, however, the mere existence
of & preference between , resent and future expenditures

is sufficient to show the non-equivalence of costs ocour-

~ ing at different times.

It would seea that the decicionmsks: sbould assign

10




st st o T

e e e R e R

different welghts to costs ocourring in different time per-
iods, and then compare the system weighted-cost totals.

Thie 15 a better procedure, but whet weights should be as-
signed to coets ocourring in different time periode, and how
should the tota) time period under conseideration be sub-
divided for purposcs of cost measurement?

One way of assigning different welig..ts to costs ocour-
ring in different time perinds te the 2iecounting procedure.
Thie procedure sessumes that a discount rate existe in each
time period, not necessa~ily the same rate for each ..me
bcriod. The discount rate 1e moet easlly explsined by ocon-
sidering it ae an intereest rate. 1If an amount ¢f money,

Vg» 1& invested today in a use offering a 4% return per time
period, then the Qaluo. Vl. of the investment at the end of
one time period 1s
V, = Vp + .04V,

= (1 +.04)v,

=1.04Vy .
Equivalently, the asount of money, Vg which invested at 4%
per time pericd will yleld a return of v, 1s

If the saount is invested for t«c time periods at the same

rste, then its value, va. at the end of two time periods i
given by




:
)
!
!
:
i
{
|
1

. —
.

V2= Vl + ]...C\Ml1
={Q1 +.oa)v1
:u+2“Bb%MWd
=(1.04) VC .

Again solving for V.,

V2
V. = —-—-—-2-
©  (1.08)
= Y2
(L + .04)(1 + .04)

In general, let

t = number of time periode

1J= interest rate in the Jt‘h time period; =1,...,%
VJ = value of the investment at the end of j time
periods
Then, 1
Ve = (Q+100Q 4+ 1, ). (L4107,
or
v
v t .

0~ (L4100 +1 )01+ 1)
Ir 13-1for all y=1,...,t, then
Ve
V =————-T .
07 (1+1)

If one 1is interested ir computing Vt.' given Vo and 13.

J=1,...,t, then the 13 are called interest rates. If it

"10 desired to ocompute Vo. given vt and the 1 , then the 1

J h|
are ocalled discount rates.

The same discounting procedures can be applied to coste.
12




e e ST O

If our time preference is such that we consider the payzent

of a cost of Go now as ejuivalent to the payment of an in-

creased amount, C. = co'+-1co, one time period from now,

i
then to obtain the present value of that future cost, cl
must be discounted by i; that 1s,

c
1

C. = .

07 (14 1)¥

Similarly, assuming that our time preference remains con-
stant from year to year, the present value of a cost which
will ‘be incurred t time periods from now ie

c
t

C, = .
7 (14 1)F
The present value of the sum of the costs which will be

inocurred in each of t future time periode is given by

0]
°°=§; 1+ 19

Not¢ that “he welghting factor appliec to coste in different

tize periods here is (1 4 1)3. and not the discount rate,
1, 1tselr?.

Theoretically, the non-equivalence of costs in differ-
ent tize periods leads to continuoualy varying ths welght-
ing fsotor applied to costs over time. That is, the total
tiae period under consideration should be divided into in-
finiteaizsl i{norements. However, if the length of the total
tise period ie ceeversl years, as it is in studies of weepons
systeams over their expected useful lives, then the choice of

yearly time inorements should provide a nuasdber of time




PR SR,

o n o —

——

il LR s L S L Lon bl P ST S

periods over which to discount coete adequate to reflect the
influence of time preferences. The breakdown of the total
time period under conelderation into yearly increments 1is
convenient for Defense Department cost-effectiveness stud-
ies, since hietorical coet data are zenerally maintained in
the government by fiscal year. Also, the choice of the fies-
sal year ae the basic time period is compatible both with
Congressional allocation of money to the various govern-
mental departmente and with the Department of Defense pro-
grasoing eyatem.l

It 18 generelly coneldered that t{wo factore coambine to
dgtornino the discount (interest) r;to.z The first of these
is the factor alresady considered; that 18, the time prefer-
ence of the inveetor. If the disoount rate asccounted for
only thies factor, then for a given time preference the de-
gree to whioh s future cost or benefit would be discounted
to obtaln ite precent value would depend only upon the re-
soteness of that cost or benefit. However, the dlscount
(Anterest) rete ehould also reflect the degree of riek in-
volved. Thus the interest rate on losre i higher the sore
l1ikely it bDecomes tha® the cost will never be inpcurred.

The discount rate will hereipafter be thought of as

1Drtxoo of the Assiastant Secretary of Defense (Comp-
troller) Prograsaing, Directorste for Systeas Planning,

| %m of m%iast:n' Jum%% ol

2 ; .
J.R. Hioke 1 q = . (Oxford: Oxford
University Prlll: ¥3:g%. Y 2-!:3.

14




being the sum of these two factore. That -
1J=1JI4J1JR; J:l'ouo't )

! where lji 18 the normative factor of the dlscount rate in

tine period }J, and in ie "he riek premium lactor of that

'i discount rate. ’Eg/gbs/ciee”or De fense Departient force

5 comggg;;ieﬁ/igg;-eftoct;.eneee gtudies, it ceems reasonable

—" to assume that neither would the Defense Depurttent's time

T preference vary in any predictable manner cver future years,
nor would the degree ~f riekinese »f a given defense “ystem
cost vary from year to year, except ac & function of 1ite

resoteness from the precent. Makine these assumptions;

; i.e., that
!
‘ 1 =1
WML forall 3=1,....t,
the esqustion for the rresent value of the sum of the coste *

expected to oocur in each of t future yeare becomes

6o = O ) |

.

P+ + M i

The sclution to the piublem of what welaghtis to weeign

gosts ococurring in different time perlods for these Defense

o«
2t B e R MRl e L ol 2 IR T R N
b Bl & S WD B A dant . et ool i

Departaent coet-effeotiveness studies now depende upon rind-

ing vhat values to sseign to 1, end 1.

15
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41‘ The Normatlve Component.

This section considers the comprnent of the discount
rize that reriecte only the time preference of the Depart-
ment of Beténaa, which is independent cof the riskiness af.
the_inveetmeht ﬁbogecta being considered. That 18, we seek

the noraative compoment, 1, which when added to the risk

‘ eompénent, iﬁv eomprizas;the proper diecount rate for mili-

tery cost-effectiveness sivdies.

At first ws contlinue tc¢ consider the dlscount rate
85 an intereat rate; One suggestlon for determining which
interost rate apnliiess to government projects 1is to use the
rate at which .he governmsnt can ﬁarrow runda.l The ides
bqre ia that the government raises ﬁarginal funds by borrow-
ing, and hence the government borrowing rate is a measure
of the government'sa tize preference. ©Since the Departaent
of Defense cannot borrow by .teelf, but rather must hLave the
government borrow for 1it, the rate¢ at which the government
horrows would seem to be applicahls to the Department of
Defenae. Slnce the defense investments under consideration
are typically long tera projects, the most suitable govern-
ment borrowing to consider would bgs the interest rate on
long tern 5ovexvz£inent bonde. This rate hae the further advan-

tage of being as risk-free a raste as can be found.

l’xnrles J. Witoh and Roland N. McKean, The Eoonomicse

of Defense %g %%= luglear Age (New York: Harvard Univerasity
ess, 3), 0. o ’

16
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Using this rute, say rg,» the argument for discounting

futurc costs 18 _nslogous to the example of the private lend-

er presented 1n the last section. If the government borrows

and spends an amount 00 today, it would have to repay °1 =

(1 + rg) Cy one rexr from now.

The critical sessumption leading to the use of this

rate 1s that the goverament must finance marginal invest-

asnte by borrowing. It is an invalid asrumption for eev-

eral reasone; The defense invectment projects under con-
elderation are assumed to be long term projecte; i.e., they

incur coste over a period of several vears. HNeither the
Defenae Department budget nor the federal budget can be

consideéred as fixed over such & time period. Hence 1f the

costs are programmed in advance they can be financed through
ﬁaxatlon, with tax rates belng adjusted as required. Even

in the short term, fixed budget case, the government ig not
limited to borrowing ae a wneans of raieiﬁs funds. For in-
stance, the goverpment can create new money and adjuet future

monetary and fiscal policies as nscessary to compendate

for its impact on the economy. The rate at which the gov-

ernaent can borrow funds muat be rejected se & meacure of
1', then, on the grounds that although it is a conveniently
messured risk-free rate, it ig simply not relevant to the
situation being conaildered.

One writer has suggested that the rate at which the

marginal utility of a good decreasee per unit increase in

17
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the avallable quantity of the good shculd be the basis for
discounting future valuea.2 The national product is thought

of as the "good" involved. The argument is stated as follows.

N B T e

"Since the national product will increase from
% year to year in a well-run economy, thes resources
: diverted to investment from this year's income

ghould be weighted more heavily than the resources

pald basck next year by that investment. Thus the

present cost of an investment should be weighted

more heevily than its future savings, not because

the savings are deferred in time, but because the

savinge are part of a larger national product

per capita then was the initial cost, and hence

represent a lower marginal utility.“3
It would sppear that the same resesoning could be applied to
dlec. inting future costs as is suggeated above for dlscount-
ing future savings, or returns.

There is littlerdgubt that the Defenee Department
would place & higher marginal utility on each dollar if it
were constrained to operate within a relatively low yearly
budget. Presumably both the amount of defense output (ef-
fectivenees) required, as determined by the degree of enemy
threat, and the amount of inputs required'to procduce that
output, as determined by the state of technology, would re-
main constant within a given year, ec that the avaiiability
and use of additional inpute would produce diminlehing re-

turns. Hence the marginal utility of the inputs, dollars in

25. B. Bermsn, "The Normative Interest Rate", RAND
publication P-1796 (Sept. 15, 1959),22.

2Inia.
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this case, would decrease as their supply increased.

The introduction of the time dimension, however, may
renéer the merginal utility concept inapplicable. Conelder
& Defense Department objective of being able to destroy a
certain number of enemy targets. Assume that the forces
have been organized ("produced”) in such a way as to accom-
plish that objective this year, at a certain cost, Go,
paid out of this year'’s budget. Ascume that the growth of
national product resultes in an increase in the Defense De-
partment budget next year. Assuwe also that the defenee
obJéctive remains unchanged fror this year to next yesr,
but that the enemy develops a better defensive capability
againet our existing forces. Suppose that the nature of our
forces and the technological means of producing them re-
mains unchanged, so that more units must be produced in or-
der tc meet the objective. In this case the money avallable
to purchase inpute 18 increased, but so 1le the number of
units required. The margiaal utility of money, which is a
measure of the satiefactica derived from the marginal dollar,
®ay next year be greater than, equal to, or lees than the
marginal utility of mor-~ "°° year, depending upon the re-
lation between the percent increass in the defense budget and
the percent inorease in the input requirements. Diminishing
marginal returns remain characteristic of the production pro-
cess, but their effect may be offeet by the inoreased utili-
ty of the marginal unit, in the relevant range.
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An easlly understood gnalogy is provided by people and

their incomes. As a pereson's income rises {until very high

incomes are reached) he becomes accustomed to more expensive
and varied goods, and he incurs more expeusive recurring ob-
ligations. If the person's Job 1s such that increasing so-
cial demands are placed on him as his income increases, 1t
sometimes happens that his expenditure "requirements”

(those expenditures which he feels are necessary) increase
faster than his income. 1In such a eltuation it 1e likely
that at the lower income his satisfaction 1s ..t a certain
level, whereas at the higher income his catisfaction iz
relatively lower, because of his changing tastes and obli-
gationa. The marginal utility of money to him ie higher in
the latter case, even though the amount of money he controls
has increased. In terms of indifference curve anslysis,

his utility isoquante have moved away from the origin faster
over time thanm hae his opportunity line (assuming an oppor-
tunity line of constant slope and unchanged shapes of the
utility 1soquanta).~'5

Aror a basic explanation of indifference curve analysis
for individual income allocation and resource allocation by
a fira, see Riochard H. Leftiloh, Ihe Price Systeam and Re-
g%§5%1 (New York: Holt, Rinehart and Wineton,

1 » 69-79 end 126-135.

SFor an application of indifference curve analysis to
capital budgeting, see Jack Hirshleifer, 'an lsoquant Ap-
proach 0 Investment Decision Probleas™, RAND publication
P-1158 (Auguat 23, 1957).
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The rate of growth of national product, and of the De-

partment of Dafense budget, is therefore rejected because
the diminishing marginal utility assumption does not neces-
sarily apply to the Defense Department when costs are to be
incurred over time.

A third suggestion 1s that the proper discount rate to
be used 1z the rate of ieturn on the marginal private in-

veatment.6

When national investment resources are opti-
mally allocated the rates of return on marginal investmenta
should be the same in both the public and private sectors.
The return referred to is the return to capital (i.e.,
production equipaent, lnventories, education, research)
made possible by the marginal productivity of capital.

The rate of return on a defence investment 18 usually
impossible to aeasure directly, since the coste and returns
of such an investment are incormensurable. Inveatzent coste
are uvsuslly uonebrcd in dollare, vhereas the returns are in
such .nite as ability :i5 destroy enemy targets, or more gen-
erally, "ailitary effeotiveness units". Congrese sllocates

investaent funde to the various governsentsl departasnts
through its control of the yearly budget. Presumably Con-

~ gress attespta to Jo €0 1p such s wsy that the marginsl re-

turns on investasnts in each of the departasents 1s equalized.

Therefore, an sppropriate sesaure of the sarginal rate of

6

Berwen, ¢p. ¢it., 5.




rewurn to Defense Department investments should be the mar-
: ginal rate of return on investmente of other governmental de-
%'* partments.

?‘1 The same measurement problem exists 1h other govern-

E' mental departments, however, as in the Department of Defense.
Except for a few relatively small scale operations, the re-
turns on government lnvestments are not meacsureable in dol-
lars.’ What ie the dollar value, for inttance, of the in-
tergovernmental comamunications channeles maintained by For-

eign Service Officere of the State Department? The return

on governmental investments ucually contalns a substantial

non-nonétary direct return to the welfare of the oountry.8

. e

Congrees not only allocates funds within the government,
but in deciding on the magnitude of the budget, Congress
presusably allocates funds to the government 1n such a way
that the narginal return on governmental investzenta iz
3 equated to the Targinal return on investments in the pri-:

vate eector. £ince governmental returns and private returns

are generally incommencurable, it is granted that Congress'

sllocation decisions are wade on a subjective rather than s

?
For the results of an atteapt to measure the dollar out-
put of certain activities of the Department of the Interior,

RAND Co . Study
M g&gtogy Q.Qﬁ&%yl).ma% % %uzbn—

_ §$auta Monice, Calif.: The RAND Corpora-
tion' Ju1, 9. 1957 * : '
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strictly quantitative basis. Neverthelesc, these alloca-
tions are made, and presumably the intent of Congress is to
make them optimally.

If 1t 18 aessumed that Congress 1s able to, and does,
gllocate the national income so as to equalize the marginal
rates of return in the publioc and private sectors, for
given yearly national incomes, then the rate of return on
the marginal governmentsl investment, and in particular the
rate of return on the marginal investment within the Depart-
ment of Defente, can be quantified by measuring the rate
of return on the marginal private investment at given yearly
inccaes. If it is further assumed that long run competitive
equilibrium existe in the private sector, so that for a
given national r oduot and degree of risk each investaent
opportunity will yield the same rate of return (i.e., alil
fires are operating at the aargin), then an average over
degrees of risk of the rates of return to investament in the
private sector would provide s measure for the rate of re-
turn to marginal Defense Departament investments baving that
sase (privete industry average) degree of risk. The rates 8o
deteruined would not serve as the risk-free normative rate
originally eought, but it ocould neverthelesu serve as 1n
1f the risk faotor were redefined to encompass only the ad-
dxtxun¢1 risk of ihe investaent under oznsideration.

Berman maintains that the sarginal rate of returs to
investsent in the private seotur 1s not s olearly defined
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measure, because it varies with the level of toctal invest-
9

ment considered. It 18 true that the marginal rate of re-
turn 1s inversely related to the total inveetment level, 1if
the generally accepted assumption of dlminishing marginal

returne to capital is made.lo

Berman's argument is that
since the government can control the total level of in-
vestment by fiscal and monetary policies aimed at control-
ling the growth rate of national product, the government
should not use the marginal rate of return in the private
sector as a fixed constraint on ite inveetment vlanning.

In the context of this paper, that of the Department

of Defense making investment decisions between alternatives

available within that departament, however, the Department

of Defense nust consider the investment level in the private
sector as a factor indeperdent of its operations. The Pres-
ident recomaends fiscal policies leading to s desired growth
rate of national product. These policies are prdified and
approved by Congress. The desired growth rate determines

the level of total investaent for the economy. Through ita
control of the federal budget Congress etsentially allo-
cates investasnt funds between the private and pudblic sectors

of the economy, and presumsbly does a0 ipn such a manner that

SInid. . 7.

10
George J. Btiglsr Ihlgti Frige (revised edition:
Bev York: The MeoMi. an ompany, ), 111.
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the rates of return in the private and public sectors are

equalized. Hence for a governmental policy promoting any
rete of national growth,ll a policy which the Department of

Defense neither recommends nor determines, the Department

cf Defense can consider the rate of return in the private
sector of the economy as an independent measure of the rate
of return to its own investment activities.

To make actual measurements on the rate of return to
average risk private investments, values of national prod-

uct and the desired growth rate, and hence the level of in-

veatment, nust be specified. Historical information will
not tell us vhat the rate of return would have been had the
investaent level been different, so measurements must be
made on actual past rates of returns to investaents.

If the desired growth rate, and hence future national
products and investment levels, are not known, then perhaps
the best approximation is to assume that historical national
products and investment levels deteralined by governaental
monetary and fiscal policles reflect the desired growth
rate. Then 1f it is assumed agein tha' private firme are
operating at the margin, the narginal rate of return on in-

vestaent in the private sector, averaged over the degrees

lllbr a treataent of how governmental policles affect
the interest rate, see H. Liebenstein, "Roonomic Develop-
sent and the Rate of Interest Under Dictatorial Conditions",
RAND publication P-808 (Fed. 28, 1956).
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of risk involved, could be obtained by computing the yearly

rate of return at esch risk level, averaged over a number of

recent years, and then weighting these rates according to
the proportion of total investment funds which were used at
the various risk levels in order to gei an over-all average.
This 1s eesentially the appreach teken by one private re-:
wearch corporation under Navy contract to determine what

interest rate should be used in evaluvating the holding
12

coet of military inventory. The average rate of return on
real capital investment in the American economy was measured
to be 16.55.13

The sarginal rate of return on investment in the pri-
vate sector of the economy 18 accepted as the appropriate
seasure of the redefined normative component of the discount
rate which the Department of Defense should use in procure-
ment and force structure cost-effectiveness studies. The
rtdorinod}nor-ntive component is the coaponent of the die-
count rate which measures the Defense Departaent's time
preference in investaent decisiona ibnvolving a degree of risk
equal to that of the average invertaent in the private s u-
ter. |

12!lnnn1ag ®esearsh Corporation, Ihe lnterest 3?3§ oL

!;L;&.E% by J. A. Stookfisch. « C.
- report nusber R-1 ' An?clu. Calif.: Planning Re-
search Corporation, May 5, 1
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5. The Risk Component.

The risk premium component of the discount rate orig-
inally was defined as the factor by which the normative
somponent of the discount rate pust be mcdified to reflect
th? rliekiness of the investment; i.e., the likelihood that
the returns or coste will never bte incurred. Since {he 3zar-

ginal rate cf return to average risk investments in ithe pri-

vate sector hae been chosen as the measure of 1B. it is clear
that 1z must be redefined. The normative component as che-
sen already includes an average allowance for risk. We re-
define the risk premium componert, ig» to be the factor by
which the normative component, 1!’ muet be modified to re-
flect the difference in degrea of riek between the type cf
ipvesteent being consider:2 to meset the dofense objective
and the average investsent in the private sector.

In ord. » to arcess the riekinese of an invesiment we
zust deiermine exac'ly what i¢ meant by risk. There ure
three major reasona why ailitary investaments are rleky.l

First, the actual effectivenese of a sy:ztem helng nvecrtled

in may be less than snticipsted, and Sn fact way rever de

realized at all. Secondly, a eystes Jay zctuslly coest more

or less than 1s estimsted at the tiwe Of the inveetment

charlu J. Hiteh and Roland K. NcEean, The

n;z?’iﬁfﬁ% 1§933% !gslalz 4z (Cambridge: Hnrvn"ggﬁﬁgeéﬁf




decision. Tkirdly, anticipated future costs may never be

incurred.

The uncertalnty as to the degree of effectiveness which
will be achleved by the aystem stems from ssveral sources.
Perhaps the system cannot be developed as piawnned bezause
a techno'rgical barrier is encountered. In this case the
system pr-obably would be developed, but at 2 lester effec-
tiveness than pianned. The rerformance charscteristicse
might have to be changed; lower speed, less payload, etc.
The system's survivability, or apllity to survive an enemy
offensive attack, might be diminished. The rellability of
the syetem might be lowereg, reculting in mission aborts
and heance less offenslive unite on target. Or the ability
of the weapon system to overcome ensmy defer-e2s at the tar-~
get wight be diminished, aga.n resulting in 1858 targetes de~
stroyed.

The structure and methodoclogy of the cost-effecti eness
studies under consideration indicste that the degree of un~
certalinty in future effectivenese should not be reflected in
the risk component of ihe dlscount “ate. This uncertainty
1s mors rroperly *reaied in theese studies by the effective-~
nese analysts than by the cost analyste. Having set a de-
slred level of effectiverses, 1t is the cffectiveness ana-
lysta' jJob to compute the required number and type of units
for which the cost analyste arc to estimate system costs. If

the effeotiveness analyste are uncertaln of the number and

28




type of units which will be required tc atiain the desired

level of effectiveness because of technological uncertainty,

then these analystes should run a sensitivity snalysls. B8uch

{ an analyseis would yield several different comblinations of
type and number of units required, az a function of input
assupptions made on the technological feasibllity of producing
the deslirec eysteu.. Each of these combinations could then

be costed separstely by the cost analysts.

Next coneider the uncertainty of the cost estimates

made for a specific system. Cost estimates are uncertain

A XT B s

for & number of reasons.2 Prires may be different at the

time coate are to be incurred than expuected. It may be pos-

»,

sible tc make gensral price level adjustaents to system costs,

PSR IPIS AN

but the actual prices which will apply cannot be predicted
with certeinty. Different cost analysts working on tne same
study may use somevhat different methods, or may differ in
thelr coapetence. Hence the costs eatimated may dspend upon
who estimated them. The cost estimating relationships, such

28 ilnear estimating oquation33 and learning curve calcula-

2RAHD Corporation, 4§ Discussion of Ungertainty in Cost
Analysis, by G. K. Fisher. RAND publication RN-3071-FR (San-

ta Monlcs, Calif.: The RAND Corporation, April, 1962), 12-19.

, 3For & discussion of the use of statistical regression
i analysis in deriving ecstimating relationships, see RAND Cor-
poration, Derivation of Bstimating Relat:onships: An Illus-

tive Exauple, by G. K. Fiasnher. RAND publication RN-3366-
SBanta Monica, Calif.: The RAND Corporation, Nov., 1962.
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tions,4 g2y be in error, resulting in erroneous cost esti-
mates. BEven if the cost estimsting relationships are cor-
rect, the hlstorical cost data on which future costs are
based may be lnaccurate. Finally, even if the data and cost
; eetimating relationships are correct it is oZten neceseary
to éxtrapoclate beyond the range of the past dats in meking
] eatimates or future coets.
It 18 tempting to account for cost estimating uncer-
L tainty in the risk component of the discount rate, and such
8 procedure has been proposed [5]. The lees certain an in-
vestor 1o of how much 1t will coset to obtaln a gilven return,
the lees llkely he 16 to meke the investment. Notice, how-
ever, that the more future costs are discounted (i.e., the
higher the discount rate), the more likely that investment
is to be chosen in comparison with alternativé investments

which provide the same total return. To decreass the chance

that an investment having highly uncertain coste would be
chosen, it would be necessary to decrease the risk compo-
nent of the discount rate. This would lmply setting ip at
some arditrary rate for investments with no cost estimating
”5; uncertainty, and then decreasing that rate in proportion to

the variabllity of the costs of investments having cost ea-

timating uncertalnty. But the varianc. >f the cost estimate

4
For a discussion of cost-quantity calculations, see

RAND Corporation, Gost-Quantity mm:&.g%- by J. W. Noah
and R. W. Smith. RAND publication RM-2786-FR (Sants Monica,
Calif.: The RAND Corporation, Jan., 1962).
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extends the poesible costs to values both above and below
the estimated cost, concelvably ranging from 2ero to infi-
r te coat.

Consider the actual coet in time period t as a random
varlable, Ct, having a subjectively aesigned probability
density function, fct‘°t)’ charscterized by the estimated
cost a8 its mode and by some unknown mean and varlance.
That is,

H actual coet in time period t, a random variable

Y 7 d1stributed as f (cy) for 0 = ¢y < oo
C, %t

Mode [ct] = ét’ the estinated cost

£ [cf-] =/“°t.2
Then the probability density function of C; might have a
graph like the following:

4

fomm———-
B

.

O3
c*
c*

Flgure 1.
Such‘a graph would reflect the analyst's evaluation of st
as the single most likely value of ct. and would also re-
flect his knowledge that more historical estimates have
proved to be too low than too high.
Assume that 1 1s assigned a value of 2zero for a com-
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pletely certain cost fetimate. Then 1f 1p 1s reduced to

sccount for some amo'nt of unceriainty (variance) in 8t’ it

is clear that the present value of 3t can only become larger.
Let 30 = preae.t. value of gt when 15: 0

|
36 = present value of @t when 1R = -k, 0=k <1+1N'

Then ‘
S
36 - . t
(1 + 1)
and
A
Ao °
- ’
20 that
i’g: _ (1 + 1n)t
- t .
Then

Q4+t > +1y- 00

implies that

A
36>°° ’

or
33 = 30~+ K, K a positive valued function of k.
If the actusl value of ct turne out tc be greater than
ét' then we would want ite present value to be greater than
30. and the reduction of the discount rate would produce
that effect. On the other hand, 1f the realized value of
ct is less than gt' then we would want ite present value to

be less than 30. This result cannot be produced by reducing

3e




the discount rate, as shown above. And yet by aseigning the

estimated cost, St. as the mode of a subjective probablility

distribution of C,, the cost analyst has admitted that Cy
may take on a value less than 3t. The analyst cannot both
decresse the dlscount rate to account for costs higher than
those estimated and increase the discount rate to account
for coats lower than those estimated at the same time.
Another method for accounting for cost varliabllity must be
found.

Perhape the best method avallable for this purpose le
sensitivity unalyaia.s That 1s, for each spepific eystem
being analyzed, the cost anaslyst should assign several dif-
ferent sets of prices a& inputs, and then present the re-
sulting beet cost estimates ps his output. The declelon-
waker can obtain a feeling for the degree of uncertainty in
the cost sutimates fror these results.

Finally, coneider the poesibility that future coets

: may never be incurred. The threat posed by the eneay may
change, o that the syetems being studied may be dlasontin-
ued at some time within the time period of the study. This
is ansalogous to change2 in customer tacste in commercial in-
v;ltucnt planning, but 1s perhaps even more likely to ocour

than in private industry in today's rapidly changing world.

s!br an alternstive nethod dased on an expeotation-
variance principle which establishes the risk component at
. eose specified level of confidence, eee J. N. English amd
i R. H. Hasse, "Eoconoaloc Seleotion of Alternative Riek Invest-
i msents.” RAND publication P-2869 (Feb., 196A4).
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Or perhaps the military systems being coneidered will be-
come technclogically obsolete within the time perlod of the
study, and hence will be replaced by a new gyetem as a re-
sult of future procurement or force structure cost-effective-
ness studiesa. The rapid turnover in combat aircraft pro-
vides an historical example of this phenomenon. The pos-
sibility also exists that a previously approved program of
one of the servicee could be prematurely terminat ! because
of sn administrative fallure by that eervice to present
proper and convincing prograr deta within the framework of
the Department of Defense programming system. Or economlo
conditions might deteriorate in the future, so that it would

be eoconomically undesireable to continue an spproved system

-because of total budget limitations.

It 18 important to dlstinguish the difference between
the uncertainty about coste caused by the varlability of
sost estimates and that caured by the poseible situation in
which the coste are accurately estinated, but never are in-
curred. The former uncertainty should be accounted for by a
cost asenaitivity analysis. The degree to whiok the sﬁlttn
costs wight never be incurred is the part of inveetaent risk
which should be reflected by the risk cosponent of the dile-
count rate. Actually, having chosen the marginal rate of
return to average-risk investaents in the private sector as
the measure of x,. it is the greater or lesser likelihood
that future eystem costs will not be incirred, as coapared
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to the average-riek private industry investment, that ghould
determine 1&' Because of the changing threat posed by the
eneny and the high rate of technological obsolescence which
affect military systems, it is reasonable to assume that for
most types of systems consesldered the risk coamponent of the

discount rate would be positive, and, for many of these

P S

cases, quite large.

To illustrate why the likelihood of non-occcurrence of
future costs ghould be included in the discount rate, con-
slder the following eltuation. The defense objlective iz to
have the abllity to destroy a certain number of enemy tar-
gets after sustaining an orffensive strike by the enemy. Two
- systens are designed so that the system characteristics and
| nuaber of units contemplated are such that an egual level
of effeotivensss ie expected to be uoﬁ~exvd by both eyetems
in each of the next T yeare. The sum of research and devel-.
opment, initial investzent, and operating costs ere estimated
for each systexz in each of the T years. A plot of cosata

versus time for the two systems is as follows:

Systen B

Systea A

Estisated Cost _,.-:-“
cmwd T

(discounted by 1’)

g

po - ame

0 T tise
Figure 2.
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Assume that the rresent values of the total costs; trh.% 1se,

. AR At AR

the total costs dlscounted by im, for systeme A and 3 are

iagees,

very rearly squal. Sjetem A 18 a bomber force of which sev-
ersl units are operational at year zero. Operating costs for
this system will increace ap the bombers wear out, and per-
haps new v¥nits of these bombere will have to be procured be-
fore year T. System'B 18 an as yet undeveloped land based
mieslle system. Initially the development and procurement

‘ costs will be high for this system, but once operational the
operating coats will be low. Assume further that at year
gero it 18 coneidered fairly likely that one or both of two
thipgs might happen sometime before year T: (1) a disarm-

ament agreement will be made with the enemy, and/or (2)

system C, a superior submarine-bssed missile system, will

become available which would replace elther system A or sys-

AT

tem 3. B5ince we feel that some of the later costs of both

systeo A and systen B may not be incurred, we thould prefer
to choose now the system wn. 3e earlier costs are the lower,
in this case eystem A. Introducing an additional positive
risk component, 1R’ into the dliscounting procedure would
lead to system A having a lower present value of total cost
than system B, and hence for equal effectiveness, system A
being the preferred system.

To summarize, the risk coamponsnt, 1R' of the 4d1sccunt
rste 18 a measure of the degree to uhich‘it 18 likely that

estizated future costs will never be incurred, as compared

36




with average investment conditions in the private sector
of the economy. The degree to which it 1s likely that
future costs will not be incurred depends upon the type

of systeme belng considered, and nc. on the characteristics

P IRt

of the individual systems themselves. ©5ince the magnitude

[

of this element of cost uncertainty depends upon a sub-

Jective probability, the 1R component of the dlscount rate

should be assigned subjectively by the study group.




6. Presentation of Results,

After the effectiveness and cost calculations and the
sensitivity tests on es . have been made by the analyste of
a cost-effectiveness study, the results obtained must be pre-
sented to the decisionmaker in a form which will enable him
to apply his decision criteris in choosing between the sys-
toms studied. The criterion oconsidered in this paper 1s
least cost for a glven level of effectiveness.

Ascuming thls declelon critorlo;, the decislionmaker
must be told at what level effectivenees has been fixed in
the atudy. A rationale for choosing the measure of effec-
tiveness used in the study should be given. Also, an effec-
tiveneus seni’itivity analysis should be presented to show
the effect that different input assumptions would have on
aystem characieristics and the number of units required.
Bince sensitivity test:s of a complex system must be limited
to consideration of s relatively szall number of "interesting"
paraseter coabinations, the decisionmaker can get a good
feellng for the effectiveness risk of the aystems if he 1is
provided with the analysts' rationale of why the chozen para-
sster combinations were "intereating”.

The next data the decislonmaker needs are the aystes
costs. QCocsts should be presanted in each of threse different
forms. First the undissounted estimated yearly costs should
be présented for each nysteas. This time streas of cost oo~

currence may indicate to the decisionsaker that one ¢r sore
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systems simply cost tco much in a given year, and are there-
fore infeasible. I ', for instance, the Five Year Force
Structure and Firancial Plan has already programmed a high
pesak of coste in some particular year, then it would be de-
sireable to avoid hesvy additional costs in that year in
order to maintain a degree of balance ir the total defense
budget over time. |

Secondly, the present value of tne tctal cost of each

syetem, discourted vy 1 only, shculd be preecented. The

N
normative component of the discount rate applies to all De-

partaent of Defense investment programs, regardlees of the

type of systeme being considered. Presentation of this dls-
counted cost provides a single cost figure fcr each systen,
one which is more meaningful than would be an undiscounted
total r eten cost figure.

Finally, the preser*t value of the total cost of each
syeten, discounted by the sua of 1a and 1., e. ~:id ve pre-
sented. Insofar as the analysts have subjectively assigned
the proper value to the risk component, thir completely dis-
couated total cost filgure will be a zmore meaningful measure
of total aystem csost than the totsl cost discounted by the
norzative compoaent alone. Since the velue of this figure
depends upon what subjeztive value of XR was arsigned by the
analyste, the retionale for sssigning thst value ehould be
presconted to the declsionsaker, .8 well ae the sensitivity

of fully discounted tcotal system coste tc higher and lower
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values of ia.

All three of these cost figuree, the tlme stream of
undicscounted costs, the partlally discounted total system
coct, and the fully disccunted total system cost, shouyld be
preceuted not or. ; for the single best estimate of the system
cnaracteristics anu number of units required, but also for
each of the variatlions resulting from the efiectiveness sen-
citivity analyeie. In addition, the sensitivity of thece
ccst filgures tco cost variabilitv should be presented so that
the declsionmaker ca: get a feeling for the degree of un-
certainty in the cost ecstimates=.

1. ne various sensitivity anelyses result in one system
beinz preferred under certain conditions and snother .ystem

being preferred under others, then the declislonmaker must

make nis selection between systems subjectively. However,

the quantitative dala availlable and the rationales presented
in the study should ald the decisionmaker considerably in
making hle Aeclcion.
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