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PREFACE
 

It is with some hesitation that the attached nranuscript is being 

circulated in its present form. 
 ll research poes through several stages from 

rough idea, through discarded drafts, to final outline, to exposition. The
 

attached material has been selected from a broader and more cmrehensive
 

framework. This part was 
carried through to this stage because my attention
 

will be diverted to some empirical field work for the next several ironths.
 

Although I believe the underlying formal argument to be correct and under

standable,,it is likely that future revisions will be required to produce a
 

well rounded document. Reference is rade in this preface to 
. few problems
 

already apparent.
 

7Te paper is addressed to one special nroble-i 
in the plannin.p field;
 

i.e., the ti.me preference aspect of apiroving and vetoing projects. 
For this
 

reason several complicated and important facets have been glossed over. As we 

mention in the text, for example, problems of projecting costs and revenue under 

conditions of uncertointy are assumed awa, only because they are beyond the
 

scope of this paper, not because they are deemed to be solved or unimportant.
 

A similar statement is appropriate with regard to those projects whose true
 

value is not measured ir.' terms of the expected revenue which they will produce. 

A c.veat ilso appears to be needed about what one reader referred to as 
the "picture of the Planning Of£ifce.,, Obviously, the extreme snecialization 

implied in the stages used in this paper should not be taken literally. No 

bureaucracy is minutely s'ibdivided by specific function, 4nd in practice the 
time preference dimensions of a 
project tend to be evaluated simultaneocusly with
 

estimation of the costs, revenues, and social benefits. 
The project screening
 



process is broken up into stages, therefore, only for Purposes of exposition. 

In fact, it is likely that screening functions carried out in the first two 

of our four stages might well be done by parts of the government bureaucracy 

which are ordinarily not construed to participate formally in the planning
 

process. Hence, one of the aim:s of the suggested nrocedures is to extend the
 

span of the project planning process somewhat beyond the limits imp.ied by 

convent ional methods. 

Discussions with colleagues from the Dovelopmien- Planning Project 

suggest that the compari.sons and implications covered in sections III and IV 

also require brief prefatory comments. The more the treatment of time 

preference was investigated, the miore it beca;.ue ol-vious that business 

procedures, economic thcory, mathematical foriulations, and io'eol.og-cal issues
 

have tended to become woven together into P familiar set of habitual thought 

processes and concepts. Each part supnorts and is supported by the oher 

components, at least in ternis of the usual expression. An alterrative
 

conceptual framework can be niderstood only in terms which took on all of these 

dime'si:)ns simultaneously. Sections aid an attemipt to cftIII IV are through 

this Lody of circular reasoning to objectively study the alternative .naioc-dures 

exclusively from the viewpoint of their usefulness for making intelligent 

docisions efficiently and fuichly. 1he procedures beinp suggested here, like 

the ccnventional predecessors, should be enually useful both to a conTntitive,
 

laissez-faire, market-certered economy guided by ,l.arket rates of interest and
 

to a highly controlled, centrally administered eccnomy using rhadow prices.
 

BRUCE. EDIIARDS 

April 28, 1964 
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Explanation of SyrJbols 

A = 	Gross Annual Return 

a = 	Natural logarithm of (1 + A) 

B = Expected annual return on re-invested earnings 

P, = Normal interest 

b = 	Natural loYarithm of (l + B) 

e = 	The base of natural logarithms 

g = R/A = 	Ratio between normal interest and gross annual return. Used as an 

intermediate variable. 

In = 	The natural logarithm of a number. 

r = 	 Natural logarithm of (I + R) 

1) max. = 	hfaximu~n expected future valhe of P 

R Win. = 	Minimum expected future valve of R 

t = 	Number of years in the future at which a goal will be acconplished. 
B 

x B+A--	 = An intermediate variable used for simplification. 
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I. INTRODUCTION 

Among economists trained in the l:est, a surprising amount of energy has
 

been devoted to the computation and comparison of internal rates 
of return using 

compound interest tables for many economic applications. Fher, attention is 

shifted to less developed countries, however, one finds that poor statistics 

and scarcities of trained nersonnel limit the applicability of precise planning 

methods. In such situations the niceties learned in the classroom are likely
 

to be apologetically abandoned. The position adopted in this paper is that
 

the apologies are unnecessary and that most of the energies diverted to 

training- reople to use the sophisticated techniques are a misdirection of 

scarce resources. 

Before entering into the main argument of this paper, we begin with a 

brief introduction to the approach the rresent writer to beconsiders relevant 

for development planning in less developed countries. 
To some extent the
 

argument relies on the fact that the classroom and the development planner are 

concerned with two different problems. In a very real sense the classroom is 

concerned with pure knowledge, and all of the nuances of minor differences
 

under a variety of ideal conditions are appronriate purruits. The devwlonment 

planner, on the other hard, is essentially in a decision-making enviroarent.
 

1W1hen a particular proposal, in the form of a project or a program, comes across
 

his disk, the first decision he is likely to confront is whether to approve it
 

by signing his or not approve it. If isname to th3 second alternative 

adopted, a secoid decision must be made either to reject it completely or to 

recommend further study on the proposal so that it can be resubmitted later 

with further modifications or with more adequate supporting evidence. Faced 

with personal time pressures an scarce professional staff, the planner must
 



keep the items in the further-study category down to manageable proportions. 

On the one hand, the decision-maker is hardl-Y interested in the relative 

importance of projects in the group which are so inferior as to be rejected 

outright. On the other hand, he will, no doubt, be well aware that among the 

projects he aprroves some are more important than others, but he c(nnot afford 

the time to dwell on these differences.
 

Because of this fundamental difference attention
in to detail, the
 

academician ma:, times
at infer that important considerations are being
 

completely ignored in the 
body of this article. Many of these more academic 

issues, however, are discussed in the appendices where they have been placed 

to prevent their diverting our attention fron the major issues confronting the 

development planner. 

The procedure which is developed for nroject selecLion can be described 

as a modified payout-perioe approach. More specifically, this procedure is
 

concerned with how long it 
 will be befor. a Project has ernicd back, all of the 
original investment plus a normal return on the investnent. If the probable
 

life of the project is less than its Payout period in this sense, the project
 

s!'ould cbviously be rejected. kIternatively, any enrnings by tie project after 

orig-inal investment and the normal interest have been covered constitutes an 
excess return, and only this excess return can properly be considered a nrofit. 

it is apparent that such a procedure will make irrelevant computing the
 

internal rate returnof ad thereby calculating exactly how much better the 

project is than 'normal." In exchange for this, the procedure eliinates the 

necessity for making a single cardinal estimate cf the useful economic life of 

the project, as is essential if normal depreciation nroc-dures are used. 

Except for this change, most of the assumptions of conventional procedure are 



retained. Fcr example, it is assumed that the time and materials cost of the 

original investment in real terms can be determined fror the engineering data
 

and that the annual physical ovtput can be predicted along with the annual
 

physical input of materials and services requireJ to produce that output.
 

There may be considerable doubt about using physical preductivity ratios
 

computed from other societies, but there is no reason to think that errors in 

thiss parameter would affect one procedure more than another. 

An even more serious objection can be made to the assumption that the
 

relative future values of outputs and 
 inputs are known. Future valuation
 

immediately raises the time preference problem. 
The Western advisers are
 

likely to have a different preference function than the responsible political 

leaders in the country, and both of these may differ from the implicit
 

preference function revealed in the marketplace. Such differences are real 

and should be directly faced and resolved. Although it is possible to
 

camouflage such problems with natematical hieroglyphics, it is futile to
 

expect numerical hocus-pocus to make a positive substantive contribution in this
 

area.
 

Finally, we might note the problem oi efficient use of planning
 

personnel. One of the major objectives of the procedure presented in this
 

article has been the development of rules of thumb, simple and Plausible enough
 

to be understandable to untrained people, for making obvious decisions at
 

lower levels in the bureaucracy. The procedure is described in several lels,
 

the simplest being at level 1. Implicitly it is assumed that as a person
 

shows interest and ability and gains experience at a given level of the planning
 

pcocess, he can be given additional training and responribilities for promotion
 

to higher levels. In such cases it is desirable that his earlier training and
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experience can be simply explained as 
a special simplified case of the more
 

sophisticated procedures which he is to carry out at a higher level. 
 Only the
 

planning staff need be concerned with the more sophisticated aspects of project 

selection such as the formal relationship between interest rates and the 

ap:proved projects. Finally, the senior planning staff alone need be concerned 

with the type of abstriLse relationships discussed in the technical appendices 
-


for example, the setting of guideline interest rates and the general theoretical
 

problems associated with the rationale behind the decisions which have been
 

made.
 

II. TUE SCREENING PROCEDU.mE
 

A. Stage I: Pre-Screening: The Payout Period
 

The first stage in the process of project selection is to be the
 

simplest and mcst unsophisticated and, accordingly, is termed pre-screening.
 

In this stage, however, preliminary decisions are made oa 
the bnsis of which
 

all of the rest of the selection process is based. 
Persons operating at this
 

level will be quite plentiful in comparison with the number of senior planning
 

officials available in the society. 
The individual concerned with this "re

screening fumction may be expected to have (1) 
at least the equivalent of an
 

elementary education in the 3 R's, (2) several years of adult experience in the
 

equivalent of the business world, and (3) be above the national avera:ge in 

native intelligence. 'Je conceive of his prirary responsibilities in the day-to

day operation of an economic enterprise. He must have a concept of the cost of
 

inputs of materials and service in producing whatever is produced; he must
 

tuiderstand the concept of the value of output; and he must have ct least a 

rough idea of the concept of the original cost of an investment - the cost of
 

materials and other costs involved in getting a new productive process started.
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These concepts of cost and value can be either naive or sophisticated,
 

approximate or precise, but they must exist. 
 In most cases they will be derived
 

from the person's experience in the marhetplace. Where marketplace values are 

not appropriate, it is the responsibility of the senior nlanning official to 

provide some alternate guidelines. This can he done by instituting a set of 

subsidies or taxes which "warp" the costs and values perceived by nersonnel
 

operating at 
stage one. Or the senior planning officials could estbljsh a set 

of rough "shadow prices" which are to be used in project nroposals sub;itted 

to the planning agencies. 
If the latter course is followed, presumably a s,t
 

of non-mnarket incentives 
 would also have to be introduced in the form of 

prizes of one sort or another for proposals which pass tie rough criteria. 

On the basis of the assigned or marl:et values, the personnel at stage 

one compute the vlue A for a proposed project or progrm ,ncccrdingto the 

following formula: 

A = annual value of outputs - annual value of inputs 

original cost of project 

The symbol A can be called the gross annual rate of return on the original
 

investment and is the key concept used throughout tHis paper.-
 It will vary 

from project to project and from program to program, so in some ways is similar
 

to the internal rate of return. However, it makes no allowance for depreciation, 

nor for normal rates of interest, nor for any profit either normal or 

supranormal. 

The success of the program depends on motivating the junior level 

1/ See Appendix I, p.A3 for elaboration of the concept of grcss annual rate
 
of return.
 



cperating level personnel to consider large numbers of potential projects or
 

programs and to compute an "A value" for each of them. 
The next step is to
 

compute a payout period to 
= 1/A and to determine whether or not the probable 

life of the project or program exceeds t 0 . If the result of this test is 

positive, the project should be brought to the attention of supervi3ory,
 

personnel since the project will obviously cover depreciation while interest
 

and profits 
can be 	ignored at this stage. If the probable life of the project 

is less than to, i.e., less than 1/A, a second question can be raised; i.e.,
 

is the 	probable life of the project greater or less than .70 to, ie,
 

.70/A. 1 / If the probable life is under .70t 0 , the project should be
 

summarily dropped. 
 In the other case, where the probable life is between
 

.70t and
0 to, the 	project might be brought to the attention of supervisory
 

personnel. Although this would constitute on unlikely project for approval, 

there 	 is a small possibility that 'einvesting the earnings would mi'e the 

project worthwhile. 

B. 	 Stage II: Interest Rate Screeniig 

The personnel operating at stage two will still be p'rimarily concenled 

with dry-to-day operating decisions but at a higher level. Although it is 

impossible to draw precise analogies, we may think of them as representing the 

equivalent of plant owners,managers, and operators of small- or medium-sized 

firms, county agents, officials of a chamber of commerce, and similar nositions. 

Presumably they would have some form of business education, either in 
a
 

commercial high school, junior college, or through some adult education
 

1/ For justification of the number .70, 
see Appendix I, p. f 
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program. The important qualification is that personnel operatinp at this stage
 

need a concept of an interest rate. It need not be a point estimate; in fact,
 

concepts of a minimum rate of return and a maximum rate of return are appro

priate to this stage of the selection process. These concepts will be eMDloyed
 

for analysis of the screening function at this stage. The minimum rate of
 

return will be denoted Rmin and the maximum rate of return R These concepts 

apply not to internal rates of return on individual projects but rather to the 

problem of forecasting and measuring the relevant rate which is applicable in 

the society  the range which is almost sure to include the normal rate of
 

return even though the latter is not precisely known. Where heavy reliance in 

the society is being placed on market mechanisms, it is probably appropriate to 

develop either some official forecasts made by the planning organization or a
 

set of forecasts which become widely accepted and are made by various non

official, financial and economic organizations. If reliance is not placed on 

market mechanisms, the planning organization should specify the minirum and 

maximum interest rates which are to be used in evaluating projects and programs 

for approval. The setting of these guidelines rates will be discussed further 

below, but we note here that their use will make necessary the development of 

non-market incentives to encourage the submission of projects and programs as 

previously indicated. 

The first step in the screening process at stage 2 is to identify all
 

projects which are associated with a value of A which is less than the minimum
 

interest rate discussed immediately above. These projects can be nlaced on a
 

"temporarily dead" shelf. They might be worth consideration in a society with 

a zero effective rate of interest, but in the existing situation the gross 

annual return would be unable to meet the most favorable interest requirements 
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even if the project %ad perpetual life and no depreciatiou were neccssary. 

Although circtuastances eventually may canchange, these iprojects be ilnorod for 

the foreseeable future. 

Screening against the minimum interest rate is likely to eliminate sorie 

of those projects which had been labelled as possibilities for reasons of their 

iaternal reinvestment of earnings. The remaining projects qualifying on this
 

basis should be reviewed to assure 
that such reinvestment possibilities were
 

conceivable 
and then passed on to the junior nlanning staff at the next
 

screening stage (Stage III).
 

The remaining projects which have come 
to stage II personnel from the
 

stage I screening should be tested by computing the value for t. 
= 1/A-P 

We recall that the value of R is given to the stare II supervjsory" 

personnel either explicitly by the planning authorities or implicitly through
 

the widespread acceptance of an independent non-official escim.te of these 

values.- If the probable useful life of the Project is longer than t., the
 

stage II personnel should send the project to the jumior planninp staff at
 

stage III with a recormendation that it be approved and preliminary processing
 

be initiated.
 

After the three-step procedure at stage II has been coimpleted, a small
 

class of borderline cases will remain. 
These are the items which will have an
 

exnected useful life greater than 1/A but less thn 1/A-Rm. 
 These
 
max*
 

"borderline cases" are also submitted to stage personnelIII as such for the 

1/ 1hroughout this paper the symbol R is ured for the interest rate. For a

refined discussion of minor points in this connection, see 00 Appendix III.
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reconmendation that they be studied using more sophisticated techniques.
 

C. Stage III: 
 and Length of Life Screening 

The personnel at stage III might be referred to as junior professional 
planning staff. To some extent their qualifications would consist of more
 
advanced formal education, specifically 
for the field of economic planning. 
Some, however, perhaps the iijority, would be formier operating personnel who 
had functioned earlier at stages I and II. They would have shown some interest 
and ability in the planning process as opposed to the making of daily operating 
decisions, at least in the sense of linving a comparative advantage in planninq. 
At this level we envisage the beginning of professional specialization. Th'ose 
who have come up through operating positions from stages I and II are likely to 
be most interested in the projects which have beer, upsent to stage III for
 
further study when stage and
I stagP II prbcedures were not strong enough to
 

generate absolute decisions.
 

The first step at this stage is 
to scrt out those irojects associated
 

with an A value which falls in between the minimum and maximum figures given 
for 11. Projects of this type be collected together into single Proupcan a -nd 
labelled marginal. Tnability to reach an earlier decision in these arosecases 

from uncertainty 
as to what tle relevant normal rate of return within the 
society is going to be, and no amount of mathematical precision can remove this 
intrinsic uncertainty. When a more precise notion of the range of the normal 
rate of return becomes possible, tile earlier proc.diies can be used again with 
the modified values of R and R This is likely to produce a decision 

without the use of unnecessarily complex mathematics. 

The other group of projects sent up for itkrther study will be those 
which have useful lives between to and ti, where ti is used as a first 
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approximation of tU, an upper bound for the minimum protable economic life 

for a project to be accepted. As more sophisticated approaches are introduced, 

the value of t u can be decreased in a variety of ways in accordance with 

specific directions given by the senior planning officials to the stage III
 

personnel. This isdiscussed in greater detail in Appendix III, but a
 

particular case might be considered here which is almost universally applicable. 

The first step in the variation is to define g = Rmax/A where Rma is thex 

maximum value of the normal rate of return. 1ien a value of tu is obtained by
 

the following equation:
 

= g 2 3 4 u i (1 -" "- 2 - .... ) 

The dotted lines inside of the parenthesis indicate that the entire term in the 

parenthesis is an infinite decreasing series. The stage IAI personnel need 

only carry the series far enough to reduce the value of tu below the expected 

life of the project. When this has been accomplished, the project is approved 

and referred to stage IV for processing. The stage IV tiersonnel would 

presumably instiuct those working at stage III that if a project cannot be 

passed after computing a specified number of terms (e.g., four), then the 

project should be tested against a value of tz as follows: 
2 3 

t, = t 0 +l.-9+ +E(2f 
P, 0 2 3 40.. 2 

which is complementary to t u in that if the expected useful life of the project 

is less than t,, the project is rejected as not covering the normal interest.
 

In this case the lowest rrobable value of the normal interest should be used
 

so that g = Hmin/A. If a project cannot be passed after computing a specified 

number of terms (e.g., four) in equation (2), :he project should then be 

referred to stage IV for final consideration. 
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The simplest explanation to offer the stage III personnel is 
to
 

introduce them to the concept of reinvesting the funds which 1a.'e been 

-enerated on the basis that the depreciation reserves will not be needed until 

the equipment and other assets need replacement. It is not recommended that 

conventional compound interest procedures be introduced at this stage. 

Another section of the stage III personnel will be concerned with
 

checking projects which have been referred from stage II with a definite
 

r-commendation for approval. 
Junior planners working in this section will have
 

several tasks. of these will beOne straightforward review of the reasonable

ness of the assumptions and the accuracy of math. tical computations involved 

in earlier processing. This would be a useful i roduction to the iprocedures
 

for those who came into the system with conventional Vestern training and
 

orientation but who had had no previous experience at the operating levels.
 

It might also be useful to assign former operating personnel temporarily to 

these tasks with which they would alrcady be familiar while they were becoming 

oriented to other aspects of working in the planning bureaucracy. This section 

could also consolidate and formalize the various projects into programs 
so
 

that they could be included in the plan in more manageable grounings. 

A third section of the junior planning staff would, at least in some 

cases, calculate the internal rates of return and/or net profits over and 

above normal rates of return using procedures with which Western economists and 

businessmen are more familiar. This process would be both educational and 

substantively useful. It would be educational in the sense that stage III 

personnel, regardless of their previous backgrounds, would become convinced by
 

experience that the two procedures were in fact completely equivalent theyas 

had been told by their planning superiors. The procedure would be substantively 
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useful in those cases where the project or Program involved significant elements 

of foreign aid or participation by private Western capital, since those ,irovid

ing foreign capital would probably insist on having the programs translated into 

terminology and concept with which they were failiar. 

D. Stage IV: The Role of the Professional Planner 

Stage IV personnel might aptly be defined as the senior planning 

officials. In a small country there might be only a single individual in this 

role, while in most cases there would likely be a handful of relatively well 

trained people. In the larger countries they might be augmented by a group of 

assistants but, even so, they would operate as a "face-to-face groul." except 

when they were geographically separated by large distances. As the top 

technicians in the planning process, they would be held responsible by the 

political authorities. Some or all of them would likel, have a political role 

to play within the country, but we might consider that as part of their 

function as intelligent, well informed citizens rather than as an ex officio 

part of the planning office job. 

Before considering the professional aspects of the senior planners' 

role, a caveat is in order. There is much more to the nlanning process than
 

the time preference dimension, and the planning bureaucracy would be likely to 

carry out evaluations of the projects and programs in accordance with other 

criteria in addition to those imposed by time preference. Many, if riot all, 

of these other criteria would also lend themselves to the type of orpanization 

we envisage. Since this article is concerned only with the time preference 

dimension, we will consider only that aspect of the senior planners' function. 
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Looking at the process tie describe, the senior planner would have much
 

to be thankful for. 
A large proportion of the unsatisfactory proposals will
 

be screened out at stages I anC II. Thus, planners at stage IV need not waste
 

their scarce time and energies on these. In addition, at stages II and IIY
 

a substantial number of projects will be identified which, in fact, 
are worth
 

undertaking 
 These can be channeled into the plan with a minimum of difficulty
 

and consideration at the top. 
 It is likely that these projects will be
 

successful, and the top planners can claim credit for them.
 

There will remain the group of residual projects which are borderline
 

or marginal in a variety of senses of those words. 
If he is so inclined, the
 

senior planning official can bring to bear his most sophisticated techninues
 

and procedures in order to decide which of these should be included in the
 

plan and which should be excluded. 
Perhaps of even more importance, he can
 

rest assured that the inclusion or exclusion of a limited number of these
 

marginal projects is not likely to make the plan significantly better or worse.
 

Assuming that the plan has some influence on the eventual performance of the 

society, the inclusion or exclusion of these projects should have a minimal
 

difference on welfare of the society cs a whole. 
This is especially valuable
 

information because when the planner feels the need to 
lay politics, as most
 

planners do, he can effectively use these projects as 
rewards and punishments
 

without suffering severe pangs of conscience.
 

A major task of the senior planning officials is the setting of the
 

values of Rmin
 and R ax, either by objective forecasting techniques or by fiat.
 

The wider apart these two figures are, the more projects - and even whole
 

programs - become identified as marginal. 
 This can be either an asset or a
 

liability, depending on whether the marginal projects are viewed as desirable
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instruments of political power or alternatively as a large group of problems
 

which have to be solved objectively. In any case, the maintenance of a gap
 

between the two values of R provides the needed slack for making adJusta.ents
 

which cannot be accurately predicted. If the two values are too close together,
 

the de facto normal rate of return might fall outside of the expected band 

leading either to critical bottlenecks ur underutilization of resources. If
 

such a breakdown occurs, ad hoc solutions will have to be adopted on a semi

rational basis becduse too ruch information has been eliminated by the lower
 

level screening processes. Except for this danger the amoutmt of work passed 

uo to the professional planning staff at stages III and IV will be controlled 

by the accepted values of Rmax and Rmin'
 

In addition to these specific tasks, the senior planning staff at stage
 

IV will have responsibility for monitoring and reviewing the entire project

selection process proceeding at the lower three stages, r-or example, it was
 

mentioned that at stage III a variety of formulae and procedures are available
 

for estimating alternative values of tu . Each of these will catch many but not
 

all of the projects which should be summarily passed and inproved at stage III 

and will leave a residual to be processed at stage IV. Only practical day-to

day operating experience will indicate which screening procedures are 

effective enough to warrant their institutionalization at stage III. In other 

cases, such procedures are better left for the stage IV technicians to use in 

making individual decisions or for examples to be used in educating and
 

broadening the junior planning staff who will eventually become senior planning
 

officials.
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E. Application of the Screenihg Procedure: A Hypothetical Examle
 

Before turning to an evaluation of the suqgested procedure and
 

investigation of its strong and weak points in comparison with more conventional 

techniques, it might be useful to see what happens as we follow an example
 

through the steps in the screening process. There is no loss of generality
 

in assuming that all values are measured in dollars and that these values are
 

determined by a forecast of the probable market values which 1i11 prevail in
 

the future.
 

The process is begun, for example, by a junior official in one of the
 

local manufacturing plants who conceives of an expansion of facilities which
 

would have a first cost of $20 million. The new addition to the plant would
 

have an expected output which could be sold at the rate of $35 millicn per year
 

and the costs of labor and materials required to operate the plant at "normal
 

full capacity" would be $32 million. Putting this into the stage I formula 

produces a value of A = .1S: 

A $3S Million - $32 Million 
$20 Million = .15 

kIternative!y, an intelligent but uneducated farver discussing mptters
 

with the other farmers in the neighborhood refers to an idea dreamed up by his
 

brightest son who has just graduated from the sixth grade. The idea is for a
 

small dam and minor irrigation canals to improve the water suprly on their
 

plots. The resulting increase in crops is estimated to have a market value of
 

about $2,000 a year; in fact, most of the crops would nrobably be directly
 

consumed within households rather than sold. The maintenance work on the
 

project would cost about $500 a year if it were done by hired labor; in fact,
 

it will probably be done by the farmers themselves, half willingly and half as
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a forn of a payment of taxcs in kind. In likte fashion, the original cost of 

the work is estimated at approxinstely l0,000, part of which must come from 

governmental financial sources to pay for needed materials while most of the 

labor will be supplied locally on a scmi-voluntary basis. Again using the 

standard stage I procedures, the value of A is computed as: 

A = S2,000 - $500 = .15 

$1.1
 

These two extreme cases have been chosen to show how much is really 

assumed in all procedures which try to make comparisons by reducing complex 

social proposals and phenomena to a few dimensions. As these examples come out 

of stage I, thuy are judged to be completely equivalent in terms of the gross 

annual rate of return, namely, A = .15, and the only remainint question is 

whether or not the productive life of the project is long enough to warrant its 

being included in the development plan. (It may be entered either is a separate 

chapter or as one of many statistics behind a one-line item.) We note thlt 

focusing on one aspect, length of productive life of the project, is neither
 

more nor less overwhelming than the statement that the relevant variable is the 

rate of profit or the rate of interest on a particular investment. 

To return to the two examples which will now be treated as one, the 

next step is to compute the value of to = I/A which is 6 2/3 years. A priori 

we would suspect both projects to have a nroductive life Lxceeding 6 2/3 years, 

so we would expect the stage I personnel to pass the suggestions on to their 

superiors. If, however, one or the other of these projects or another 

equivwlent project with a value of A = .15 wore to have a life of less than 

6 2/3 years, the stage I personnel could compute .70 times to = 4 2/3 years. 

If the anticipated life of the project were less than that (less than 56 months), 
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the project could be sumnarily rejected regardless of an), arpuments about
 
consideration of reinvestment 
 of earnings or taking account of compounding
 

procedures in other ways.
 

As the project is passed up to the stpage II personnel, the concent of an
 
interest rate is introduced. Again making an arbitrary assumption, the Planners 
have inform'ed us that the interest rate (the normal rate of return on the 
marginal projects) will lie between 8 and 12 per cent. 
 A is obv isly greater
 
than Rmin (.15 is greater than .08), and we saw previously that the expected 
life of the project wa5 over 6 2/3 years. The next step is to check the value 

of
 

t. = 1/A-Rma x = 1/.15 - .12 = 1/.03 33 1/3= years 

and find that t. = 33 1/3 yeors. A priori, we might eynect the irrigation 

project to have a useful life at least that long or longor althou.-h it would
 
be more difficult to make a judgment 
 in the case of the m~anufacturing plant.
 
In any case, the decision cannot be made here an
on a priori basis but must, 
in fact, be made as circumstances dictste in the particular society. If, 
following accepted rules of thumb, the expected useful life of either or both 
projects is over 33 1/3 years, the project is summarily recommended for
 
approval at stage II and passed on up to stage III. 
 If the expected life is
 

under 33 1/3 years, it mist be passed on un on an undecided basis.
 

Assuming the project has reached stage TI 
 on an undecided basis, the
 
personnel at this stage can rather rapidly estimate a value for t as follows:
R 

uRmax 
 .12
 g ---.-- = .8 
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2 3 4
 

u 	 1 TO 

= 33.33(1 - .8 ,,)= 20 years 

33.33rl - .8 .64 
-- -e = 16 years 

33.33 - .8 .64 .512 .4096
" 6 - -, - -T )= 15 years 

f it is deemed likely that either or both of the rrojects still are not
 

summarily approved at 15 or 16 years, it 
 is possible to compute a value of tz
 

in the following fashion:! / 

R.mn .08 = g = A .! .5333 -=,S 

t (t o )(l + 2 3 +"....) 

- (6.67) (i .* 
2 (6)67 = 8 1/3 years 

= (6.67)(l + 5 .25 + .125 9+ years
2 3 4
 

In computing the value of t,, 
the 	value of g has been iotukded down to .5 for 

convenience in computation. 
 In this fashion, the range of indecisio-n has been
 

substantially reduced. 
If the nrojects are judged to h.ave 
an expected economic
 

lifetime of under 9 years, they will be summarily rejected; if the expected 

economic lifetime is over 15 years, they will be summarily approved; and if
 

the 	expected lifetime is in the range 9 
- 15 years, they become marginal
 

projects which are referred to the senior personnel at stage IV for decisions. 

The extent to which the 	suggested procedure has been "useful" is a 

concept which itself defies universally accepted "objective" measurement. it
 

I/ 	 Note that the value of g is different in this case because R . is used 
instead of R mn 
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is most probable that some projects or programs in this situation would have
 

A values of .15 and expected useful lifetimes of 11 or 12 or 13 years. These
 

would have to be brought to the attention of the senior personnel. It is also
 

likely that some projects will be so short-lived as to be rejected at early 

stages and others will be so fundamentally sound that they are quickly piven a
 

green light and (hopefully) speeded on their path through the bureaucratic red 

tape. Beyond this, little can be said on a general basis.
 

II1 A COIMPARATIVE EVALUATION OF TlE METHOD 

A. Some Prcliminarv Problems 

Most of the purely technical matters including the formal mathematical 

proofs and illustrations have been placed in the technical. appendices at the
 

end of the article. The appendices also comnare technical aspects of the
 

project selection method nroposed here with othor methods in general use. 

Although the topics discussed in this section can be regarded as "theoretical," 

they are theoretical in the sense used by generaiists trying to fit a 

particular item into an over-all context. 

We digress briefly to consider the concepts of time preference and 

interest as they have emerped in Western economic thought. A few essential 

points will be raised without svecific references to the vast literature that has 

been written on the subject. Historically, the concept of interest fromarose 

observing that in the market place those who had extra money could lend it out 

at a positive rate of return. This simple transaction has two quite separate 

and distinct elements in it. One element which occurs again and again in 

discussions of interest is the fact that capital, in every sense of the word, 

is scarce and must be rationed. The existence of a positive rate of interent 
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means that "less important" uses for capital are rationed out of the market 

because they find that they cannot pay the going rate of return. 
This leaves
 

the available financial resources to be used by projects which will pay a rate
 

of return equal to or greater than the normal intc;rest rate. This w;e might
 

think of as the rationing function of the interest rate.
 

A quite separate, distinct, arid essentially different thread also runs
 

through the historical discussions of interest. 
This is the idea relating
 

interest to income distribution and ownership of wealth. 
Even if it is (or
 

were) necessary for the efficient allocation of resources to require that the
 

users of capital pay a positive interest rote, there has long been a feeling
 

that the recipient of interest income has not earned it. This expressed itself
 

in the medieval usury law and in
more modeim times in treatment of interest
 

payments and interest earnings for income taxation purposes. The socialists,
 

and particularly the Comuniists who came into power in Russia, were so set on
 

wiping out the unearned elements of income that they "abolished" interest by 

fiat. In failing to distinguish between the two quite distinct functions of
 

the interest rate, however, they found itnecessary to devise other ad hoc
 

techniques for allocating capital. Presently the Soviet planners have realized
 

that the interest rate is an 
amoral tool which they can completely control for
 

political goals but at the same time use effectively as a technical device to
 

increase the efficient operation of their economy.
 

Income distribution aspects are explicitly raised here to point to the
 

possibility of conflict with the rationing function of the interest rate. 
 In
 

this paper, however, it is assumed that the redistribution of income and
 

wealth or, alternatively, the defense of the status quo, should be accomplished
 

by means other than the manipulation of the interest rate being used in the
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planning process. In this way the interest rate becomes simply defined as a 
procedure for rationing resourcesscarce available for investment for a time 

/span exceeding one time period. 

Capital-using projects submitted to the decision-making nrocess
 

typically have many dimensions. a
By variety of techniques the number of 
dimensions are reduced; in this naper each project has only two: 
 (1)the value
 
of A, the gross annual rate of return, and (2)the expected nroductive li.Fe of
 

the project. It is obvious, perhaps, that between two projects which have
 

equal expected lifetimes, the one with the higher gross annual rate of return 

would be considered superior; between two nroiects which have the same gross
 
annual rate of return, the one with the lonper lifetime would be considered
 

superior. The "tough" decision arises in comporirg two projects, one having a 

higher gross annual return and the other having a longer expected lifetime. 

The choice in this case inevitably involves iplicitly pure value judgments, 

issues concerning who really speaks for the society, questions of defining the 
social preference function, and similar intangibles. Given these difficulties, 

it is important that the set of such projects be defined as accurately as 

possible. Pairs of projects in which one is demonstrab!y inferior to the other 

should not be inclhded unnecessarily in the set of all projects dependent on 
arbitrary value judgments. In a similar fashion, when a choice between projects 
has been made on subjective normative grounds, it is desirable to avoid giving
 

the i'npressicn that the decision was reached using only objective criteria. 
With this as background, we can turn now to comparisons between the suopested 

I/ Presumably one time period in this context is equivalent to one year.
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procedures and those more normally business andused in the Iestern academic 

circles in Europe and the United States.
 

B. Theoretical Justification
 

The problem of theoretical justification behind snecific project
 

selection methods deserves attention 
to clarify issues. The first issue
 

concerns whether or riot complexity necessarily makes for better theory. The
 

present writer has encountered a fairly widespread 
 reaction to his suggested
 

procedures which implics that operationally simple methods are inevitably
 

inferior in terms of theoretical consideTations to the more conilex standard
 

formulae for project selection.
 

It is obvious that one must define what is -eant by theory to explore 

this issue. The author prefers to think of "theory" as a group of interrelated 

generalizations which are believed to be useful as first approximations for
 

describing the relationships vhich exist within a broad class of real 

pbenomena. Under this or a similar definition, the question of superiority 

might depend on the usefulness of the idea, on the closeess of the 

approximation when the general rules are apnlied to specific instances, and/or 

the ease with which the idea can be fitted into the general body of theory of 

whic it will be a part. Given this interpretation of theory, a surprisingly 

plausible case can be made for the proposition that accepted mathematical
 

formulae for proper selection are in fact theoretically irferior to the
 

procedures suggested here.
 

For purposes of simplification, economic theorists frequently make
 

assumptions about perfect knowledge, mobility of resources, and in the field
 

of time preference, perfect predictability of. future events. 
 No one argues
 

that such assumptions are realistic. 
They are adopted, rather, as necessary
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evils to keep from cluttering up the main analysis. Any realistic approach
 

woutld prefer to avoid these assun)tions if it were possible at a zero cost.
 

The major perceived weakness in the conventional procedures for project
 

selection is precisely at this point. 
The first assumption ordinarily made is 

that it is nossible to find a single cardinal number which is a useful estimate 

of the economic life of the asset under consideration. This number is then 

used in making allowances for depreciation and in other ways becomes a
 

foundation stone for the whole subsequent analysis. 

It is not difficult to show in examples that a relatively small and 

quite plausible change in the expected life of the asset may have a substantial 

effect on the estimated rates of return or estimated profits over and above the 

normal interest charges. Thus the project selection criterion may in some cases 

be peculiarly susceptible to the judgments which here.have been made 'ore 

seriously, the fact that these are pure judgments tends to be buried rather 

than brought into the fore. In many cases, a consistent over-estimate or
 

under-estimate of lifetimes for all projects within a given society will create
 

excessive optimism or pessimism but will not affect ordinal rankings. This 

will be particularly true if the society has been stabilized for a considerable
 

period of time so that a sizeable body of experience has been accumulated and 

codified in manuals of normal operating procedure. It is this fact which
 

probably exnlains why normal procedures work as well as they have in the
 

developed countries. It is an entirely different matter, however, wlen these
 
traditional Western methods are applied to the very different conditions
 

found in less developed countries. 
Not only are physical and social conditions
 

unlike those in countries with modern, advanced economies but also Political
 

and social stability are less likely to produce standard values for the
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critical parameter employed, i.e., 
no mal lifetime. Finally, the backgrounds
 

and training given to the decision-making rersonnel are likely to vary
 

considerably. This would be complicated even more seriously if a variety of
 

manuals of norml lifetimes were used, particularly if some of the manuals 

were inconsistent with each other. 

The final weakness in assuming a rrecise estimate of the life of an 

asset is that there is no substitute for experience. This means, in effect,
 

that whether the figures used are right or wrong, they will have to be
 

accepted or rejected largely on 
faith, without empirical verification for a
 

considerable number of years. It seems much more appropriate to build such an 

unstable aid unreliable figure into the process of decision making as late as
 

possible rather than 
as one of the first assumptions. This will increase the 

opportunity for flexibility in consciously cbangling the "assunied" values of 

the critical parameters.
 

C. Mathematical Complexity
 

A second basis for comparing the procedures is the matter of 

mathematical complexity. The standard formu!ae have been developed over D
 

considerable 
 span of time. A person's first introduction to time preferoiice 

and interest rates usually takes place in terms of the concept of simple 

interest. The total expected future gain is divided by the original investment, 

and this in turn is divided by the number of years involved to -ive an annual 

rate of return. 
As operating techniques become more sophisticated, it is 

realized that the initial returns may be reinvested so the idea cf compound 

interest is introduced. The evolvement of bond markets with regular periodic
 

payments has led to the construction of annuity formulae and tables, and the 
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habits of keeping books on an aarual basis has led to their anplication to 
problems of expected profits and other gains. :'e net result has beer, that the 
vast ma.jority of people who use these formulae and tables have learned to
 

develop confidence in the answers they yield because they work rather than
 

from an understanding of the mathematics and the assu Iptions underlying their 
computations, Much of the material in the first technical appendix showing 
the equivalence between the two procedures seems mathematiclly intricate or 
complex. This complexity arises not because of any inherent difficulty in the 
suggested procedures but rather from the inherent complexity of the accepted 
formulae. The mathematical complexity of the procedures suggestwe is evolved 
in stages in the selection process, enabling the operating personnel at each
 
level to understand 
 the methods they employ and the assumptions necessary for 

their decisions. 

D. Definition of Profits 

A third basis of comparison might be suifwied up in the question, "When
 
are 
profits really earned?" It is quite apparent allthat if exnectations are 
realized a variety of ex post rationalizations will all be found to have been
 
fulfilled. A more interesting question is what happens when one or of
niore 

the exrectations 
 "goes sour." Suppose that the expected life of an asset is
 
25 years and that 
using straight line methods four ner cent. per year is set
 
aside for depreciation. 
 To adopt the other figures from the example presented
 
in Appendix IV on 
 accounting nrocedures, we further assume that the market
 
interest rate is 10 
 per cent and the expected gross annual retuni will be IS 
per cent. In casethis costs will be defined as 4 per cent depreciation plus 
10 per cent interest or 14 per cent. 
 If an annual return is realized at 15 
per cent, the profit each year will be recorded in a dollr amount which is
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equivalent to a 1 per cenit additional return on capital. Thus, in a real 

sense, depreciation, interest, and profits are all averaged over the expected
 

life of the asset. 
If, in fact, the asset were to last thirty years, profits
 

would suddenly jump to 5 per cent of the original capital during the last five 

years when the asset had been fully depreciated. Looking back, the accountant
 

would have regrets for not having set the appropriate depreciation allowance at
 

only 3 1/3 per cent per year. Had he done so, realized profits in the earlier
 

25 years would have been 1 2/3 per cent of investment capital instead of only
 

1 per cent (all of this over and above the normal rate of return, or interest
 

on capital of 10 per cent).
 

A more interesting question is what would happen if the asset were
 

suddenly and unexpectedly to become useless from wear or obsolescence after 17
 

years. At this point the accumulated depreciation reserves would be 63 per
 

cent of the original investment. No one would seriously expect the investor
 

to describe this project as a desirable one. Although an 11 per cent return
 

(1 per cent above normal) had been earned for all of these years, the investor
 

would hardly regard the loss of 32 per cent of his capital as a minor
 

inconvenience. 
It is much more likely that a reassessment would be made,
 

showing the appropriate depreciation to have been about 6 per cent per year
 

(rather than 4 per cent). Now the return received would turn out to be
 

slightly over 9 per cent a year involving a loss of about 1 per cent per year
 

instead of a profit when compared with the normal inte'.est return of 10 per
 

cent.
 

It would appear to be clearly preferable, therefore, to assume that the
 

first requirement of any project or program is the recouping of the original
 

investment. 
 If that is the case, all of the return should be allocated to
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this purpose until it fulfilled.has been Only then, to the extent that
 

additional returns 
 are earned, is it possible for the project to begin to earn 

interest. Presumably this interest is expected to reach or surpass a normal 

rate of return or the project would not be undertaken in the first place. If 

and when these expectations are realized, the computed internal rate of return 

can be permitted to continue to rise or excess overthe and above normal can be 

denoted to be a profit. In one .ense, it is quite amazing that the economists 

who have been so diligent in insisting on using nar~inal rather than average 

concepts in both micro- and macro-eccnomics have so uncritically accelted the
 

implicit averaging over time involved in almost all time preference models used
 

for project selection.
 

In summary, a comparison of the suggested procedures for handling time
 

preference in project selection with the more widely employed methods suggests
 

a case for theoretical and operational superiority former.of the The 

procedures presented in this paper are based on assumptions which are at least
 

as 
realistic as those underlying the conventional methods; they involve si.mler 

mathematics, at least from the viewpoint of the non-college graduate; and they 

are superior in recognizing naturethe marginal of 'Profits and their extreme 

uncertainty.
 

IV. IIPLICATIONS FOR DEVELOPM.ENT STRATEGY 

In addition to the advantages discussed above, our suggested procedures
 

might well have significant implications for a country's over-all strategy of
 

development. Presumably the funds resourcesand other devoted to a project 

selected according to our criteria could have been devoted to other worthwhile
 

uses. These alternative uses can be thought of as being postponed until they 
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can be financed from the accumulating depreciation reserves of the projects 

which have been adopted. Thus, in a dynamic sense, the crucial decision is not 
whether a particular project is adopted but rather whether it is adopted now. 

In this context, the price of gaining immediate comwand of ilivestible resources 

is a comaitment to repayment of the original capital in full as rapidly as is
 

feasible. 
 Over and above the repayment by means of the depreciation reserves, 

the society may be thought of as having an additional claim subsequent to 

complete accumulation of the depreciation reserve. This is the normal interest. 

It also is part of the pricc which the project must pay to secure resources now
 

instead of in the future. The society could permit this interest to be used 

in a number of ways. The governmnent mipht wish to allow such resources to be 
expatriated in fulfillment of earlier promises used to lure foreign capital 

into the country; it 

represented 

might consider such interest to be peculiarly subject to 
governmental taxation so that the resources it represents can be admiinistratively 

directed by government; it might permit these funds and the resources 

thereby to be, at least partially, diverted to increasing consumption levels so 

as to encourage domestic savings; or it mipht insist that the ftmds and 

resources involved be used to create new capital expansion to further the 

general growth of the society under a wide variety of alternative conditions. 

In any case, a meeting of these prescribed conditions can be properly regarded 

as part of the price paid for a high priority consideration. If this project 

had net been undertaken, presumably another one would have been which would 

have been willing to pay the prescribed price. 

Once the depreciation and normal return have been recovered, further 

returns until the end of the tseful life of the project can be properly regarded 

as profits. Although, in this instance also, the society is perfectly free to
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set the rules governing the use of claims to resources, these profits are more 

directly associated with the project since the), would apparently not exist if 

one of the marginal projects had been substituted in its stead. For this 

reason, perhaps, perfect consistency in the use of profits generated by 

different projects is not necessary, and under certain conditions a case could 

be made for allowing the resources they command to be diverted to frivolous or 

luxurious consumption expenditures or any alternative that might be conceived. 

Here the choice depends on how the political winds are blowing and perhaps on 

the expected incentive effects.
 

A final word is appropriate to avoid a misconception of the general 

approach represented in this paper. It might be thought that the suggested 

procedures are temporary rules of thumb which give approximate decisions but 

which eventually must be superseded by the "normal procedures" which have beell 

widely adopted in the developed world. In our view, however, the suggested 

procedures are merely the beginnings of what could be developed into a fully
 

self-sufficient system for evaluating the time preference dimensions of all 

decisions which would be made at all levels within any particula-, society or 

group of societies. 

Admittedly, this point of view is likely to create initial difficulties
 

for economists and businessmen trained in the Wlest. Such difficulties are
 

inevitable; all of us tend to regard the familiar as normal. 
if it is true, 

however, that our framework is more appropriate to less developed countries 

than the conventional one, the basis for effective operational decisions in 

project selection would become sounder as the methods were more generally 

applied and improved. Moreover, the necessity of learning to translate
 

accepted business and economic principles into a slightly new conceptual 

framework would itself be an educational process for foreigners participating
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in the development of less developed countries. 
 Tlere is much room for
 
critical re-evaluation of the assumptions on which our thinking about less
 
developed countries is based. 
Re-evaluation might help to create a 
willingness
 
to reject assumptions which work well at home but are not applicable in the
 
quite different circumstances of less developed countries. 
 ienote that a
 
comparison of the suggested new procedure with the normal more conventional
 
ones indicates both procedures will approve of a 
good idea and will reject a
 
bad one under conditions of full knouledge.
 

The major circumstances in which it will be necessary to translate a
 
project or program into more conventional terms arise when substantial
 
contributions of foreign capital are needed. 
Whether these are supplied by
 
private foreign investment or a request is being fade to include them in 
some
 
foreign aid program, the rationale must be explained in "developed country"
 
terminology. 
In this case the junior staff personnel in the planning bureau
 
should be encouraged to treat the conventional procedures as 
a sort of folk
 
custom, widely accepted, by Western economists and businessmen. Exposure of
 
this kind would acquaint these officials-in-training with a 
sample of the
 
problems faced by all people as they move from one culture into another. 
As a
 
side effect, it might contribute to a 
worldwide redistribution of humility and
 
self-confidence to the benefit of all concerned.
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APPENDIX I: GENERAL TMEORSTICAL CONSIDERATIONS
 

The main part of this work is concerned with the decision-making process 

in choosing between alternative projects or programs involving expenditures in 

the present in anticipation of a stream of benefits which will be received over 

a period of time stretching into the future.
 

In discussing this material the model used will strike some as being
 

rather unnatural in compacrison with the standard formulae used for computing
 

interest, annual returns, and annuities, etc. The problems which are raised 

in this manner are likely to seem most serious to those readers who are most 

familiar with the technical aspects of these questions and who are, therefore,
 

best equipped to follow a discussion carried out in more technical terminoloqy.
 

Since one of the major arguments for the procedures discussed is that they
 

greatly simplify the subject matter for the non-specialist, it seemed preferable
 

to relegate the pedantic minitise to a technical nppendix. This also provides
 

a place to discuss best certain other criticisms which may seem to be
 

potentially serious at first glance but which on further consideration do not
 

turn out to be substantively important.
 

The first appropriate step is to review briefly the assumptions on which
 

the argument is based. The major set of assumptions relates to the ability to
 

measure the capital costs involved in creating the project, the value or cost
 

of the current inputs of materials or seivices during each time period in the 

future, and the value of the resulting output of the project during each time 

period in the future. All of these are to be valued without any consideration 

given to time preference or interest payments. The analysis then proceeds to 

introduce the appropriate modifications to take care of time nreference and/or 

interest. To many people these assumptions may seem inrealistic - a point of 

Al
 



view shared by this author. The point being argued is that if these costs and 

values are known, most of the differences between simple and complicated
 

techniques for handling the 
tiie preference problems are insignificant; and if 

these costs and values are not known, most of the expenditure of time and effort 

on refining time preference computations involves a misdirection of scarce
 

technical manpower and ability.
 

In addition to the foreroing, conventional procedures for treating tine 
problems make two other assumptions. These unnecessaryare and/or not valid
 

and hence are not used 
 in this analysis. The first is the assumption that at 
the tire a decision is made to accept or veto a narticular project it is
 

possible to select a single cardinal nunber which is 
a useful and meaningful
 

estimate of the economic life of the project. 
Once this number has been
 

selected, it is possible to amortize the depreciation over the "useful life of
 

the project," to calculate an 
internal rate of return on the investment which 

the project will earn, and to compute an anticipated rate of "profit" which
 

the project will earn over and above the "normal rate of return" or the
 

"internal rate of return on the marginal project." In practice this anproach
 

usually assumes that the depreciation, the interest, and the profit are all
 

eqLally spread over the 
 life of the nreject.
 

The analysis assumes
used here that the economic life of the project is 

not uniquely determined in advance although something is known about the range 

and probability distribution of the expected econoric lives. 
 A major purpose
 

of this appendix is to show that in the special case where it can be assumed
 

that this expected lifetime can be precisely forecast, the decisions resultinf.
 

from this analysis will agree in all innortant respects with those reached
 

through more conventional procedures. 
It is also true that when ex post
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analysis shows that the original forecasts of useful economic life are wron7
 

and the conventional calculations have been revised to include this new, more
 

accurate, information, again the two analyses will be in full agreement in all
 

important respects.
 

As mentioned above, the third set of assumptions used in conventional
 

analysis is that depreciation, interest, and profit are all earned proportion

ately over the life of the project. An alternative assumption which is used
 

here is that the funds which ordinarily go to these three accounts are pooled
 

in a concept called the gross annual return. The gross annual return is
 

credited to the depreciation reserve until that reserve is equal to the
 

original investment. This occurs at a time designated t.. After t all of the
 

gross annual return plus any interest earned by the reinvested depreciation
 

reserve is allocated to payment of the back interest accrued while the 

depreciation reserve was being accumulated. The back interest will have been 

fully paid at time ti. After time ti the entire gross annual return is
 

available for profits because presumably the reinvested depreciation reserve
 

adequately covers the current interest liability. Without repeating all of the 

arguments justifying this assumption, perhaps two points should Le made. The 

first point is that there is no "correct" method of identifying what funds are 

attributable to depreciation, interest, and profits; the conventional rule of 

thumb is one of a vast number of possibilities which can be theoretically 

justified. It also has a long history of acceptance in the business mores of 

Western society. The second point is that in almost all situations it is
 

foolish to talk about a positive rate of return when the capital itself is lost
 

or to speak of a "profitable" investment which did not earn at least normal
 

interest on the capital invested in addition to building up an adequate 

depreciation reserve.
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Turning to the fornal aspects of the theory, conventional procedures
 

attempt to define a precise point or boundary line (on a graph) separating the
 

projects which are approved from those which are not approved. Only those
 

projects which are exactly on that line are defined as marginal. Here, however,
 

we have chosen to define marginal projects as a set which would show up on a
 

graph as 
a band having a "width" which is small but non-zero. Thus the limit
 

or line which separates the accepted projects from the marginal projects is not
 

identical with the limit or line which separates the marginal projects from
 

the rejected projects. The analysis is carried out in terms of separate
 

estimates of these two limits. 
 It is shoun that the "conventional" answers
 

always lie between these two limits and that the distance between the limits
 

is strictly controllable. If desired, by gradually making the analysis more
 

detailed, these limits can be made essentially identical to each other and,
 

therefore, to the conventional answers. Since knowledge and trained manpower
 

are not free goods, presumably the analysis would never be carried to this
 

extreme.
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APPENDIX II: DEPPECIATTON 

The key variable in this analysis is called the gross annual return per
 

unit of investment. Gross, because no account has been taken of time preference 

or interest; annual return signifying the value of the output during one year
 

less the value of the physical inputs (including labor) received and used up
 

during one year all divided by the initial investment value. A unit of
 

investment thus becomes the numeraire or standard of value in which output,
 

inputs, and returns are measured. As indicated in the definitions, the gross
 

annual return per unit of investment is designated by the symbol A. 
It will
 

presumably always be less than 1, since any item that can pay for itself in
 

less than a year will be expensed rather than capitalized. It would be 

possible to put a time subscript on the symbol A so that it would have a 

distinct value for each year in the future - positive until the original
 

investment was scrapped and zero after that. 
We will assume A is constant over 

time in accordance with usual practice. A complementary variable, a, is 

defined as the natural logarithm of (1 + A) so that e = (1 + A). "a" thus
 

becom.es the internal rate of return (gross) under assumption of instantaneous
 

compounding computed on the basis of a single year of operation. 

As a first step, we might assume that the market rate of return is zero
 

so that the entire gross annual return for the life of the project is divided 

between depreciation reserve and profits. 
As indicated earlier, it is
 

assumed here that all of A is allocated to ceepreciation reserves until a tlime, 

designated to, when the accumulated reserves are equal to 1. After t the 

entire gross annual return is available as profits. 

Our initial estimate of to is made by 

to0 l/A 
 (1.1) 

AS
 

http:becom.es


which is essentially the old "pay out period" anproach. This formula is 

consistent with the assumption that as the money is earned, it is not reinvested 

but is held idle. Under these extrene assumptions A nced only be an arithmetic
 

average of the annual returns during the period in question as there is no
 

penalty or premium attached to promptness or lateness in realizing gains.
 

Perhaps at the opposite extreme is the assumption that all reserves can 

be instantaneously reinvested at the internal rate of return which is 

presumably at or above the rate available on marginal investments. Under these 

assumptions the initial investment of 1 is allowed to grow internally until it 

reaches the level of 2, as shown below.
 

"69 315  
(1+ A) t -at = 2 = e (1.2) 

at = .69315 .70 (1.21) 

to = .70 (1.22)a
 

to 70 . A) =7" C (1.23)
0 (a a 

= Awhere C 
a a 

The above formulae are largely self-explanatory. The natural logarithm of 2 is
 

.69315. Here and elsewhere in this paper this is rounded out to .70 resulting
 

in a slight overestimation of the value of to.
 

We will return to the point shortly, but let us initially assume that
 

Cao is equal to 1 and can, therefore, be ignored. Then the estimate of to 

obtained from formula (1.23) is .70 as large as the estimate obtained from (1.1). 

These extremes determine the probable maximum and minimum values for to under 

zero interest rate conditions. For example, if A is equal to .10, using 

formula (1.1) we find that it would pay for itself in approximately ten years. 
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This assumes that there are no gains et all from reinvestment of earnings or 

other types of compounding. From formula (1.23) we know that this estimate 

could potentially be as low as seven years. This would be on the assumntion of 

instantaneous reinvestment and compounding at the very favorable internal rate 

of return. 

In this example the actual value of a is .09531 which is the natural 

logarithm of .10. Therefore, the appropriate value of Ca is apnroximately 

1.05 giving a formula (1.23) estimate of to at 7.35 years. If this computation 

were carried out more precisely with less round off, the value would be 7.27. 

Ile might turn now and consider the factor Ca . The easiest way to do this 

is to begin with its inverse I whichis equal to the natural logarithm of
Ca 

(I + A) divided by A as shown below:* 

1 a £n ( + A) 13)
Ca A A 

A4 5A2 A3 + A1 1 [A 3 + ...	 (1.31) 

C a2 3 4
 

1 A A A +A4
 
Ca=1-- 3 4 +5 	 (1.32)a 

These formulae are valid as long as the value of A is between zero and 1. This 

covers all relevant cases because a value of A greater than 1 imnlies that the 

investment pays for itself in less than one year. In fact, the maximum 

relevant value of A might be set at .50 or at .3333. The logic of this is
 

that such investments would pay for themselves in two or three years. If that
 

type of project is truly marginal from the time preference or interest cost
 

* 	 The symbol Zn denotes the natural logarithm of a number; i.e., £n A means the 
natural logarithm of A. 
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standpoint, it is likely that the relevant analysis should be carried on on a
 

monthly rather than an annual basis. 
 Formula (1.32) is an absolutely converg
1
 

ing series. For values of A close to zero, -E will be very close to 1 because
 
aal1 terms after the first will be close to zero. 
If A is set at .33, the
 

actual value of - is .86304. The rapidity with which fornula (1.32) converges
 
a
 

is shown by the fact that the first two terms give a value of .835; the first
 

three terms give a 
value of .871; and the first four terms a value of .862. In
 

each case, of course, the remaining error is less than the value of the last
 

term used. For all values of A between zero and .333 the value of 
 in
 
formula (1.32) will lie in the range of .8634 and 1.0. 

Ca
 
Consequently, the
 

values of Ca will lie between the inverses of these two limits, that is,
 

between 1.0 and 1.16. 
 Placing these values into formula (1.23) and simplifying
 

we get the two estimates in formula (1.41) and (1.42) below.
 

to = (.70)(1.0) - (.700) (1.41)
1 1
 

t = (.70) (1. 16) = (.812)8 (1.42) 

Compare these formulae with the original one, namely (1.1). Taking
 

account of instantaneous compounding reduces the effective pay-off period by 

twenty to thirty per cent, the percentage within this "ange depending upon the 

particular internal rate of return used. 
 Restricting the analysis still
 

further to values of A of .10 and below (accrued pay out periods of over ten 

years) permits formula (1.43) below to be substituted for (1.42). 
to = -1(.70)(L05) 1 (.735) for A = .10 (1.43)

A 
If this is done, the "bias" from neglecting compounding becomes quite
 

predictable at 26 to 30 percentage points. 
Compared to the accrued pay out
 

period approach used in formula (1.1), the appropriate adjustment is almost
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entirely a matter of whether or not gross annual returns are or can be 

reinvested so that earnings are compounded. Once that decision is made, the 

internal rate of return is practically negligible in terms of its effect on 

the adjustment factor, although, of course, it entered into the original 

estimation of to in (1.1). Where the nature and degree oF reinvestMr -t is 

highly uncertain, it is appropriate to retreat to the earlier broad limits in
 

equations (1.1) and (1.22). 
 Although this gives a less ,)recise answer, it is 

an answer in which we can place confidence. This contrasts with more 

conventional procedures which imply that the deviations from the smooth flow
 

assumptions are small enough to be safely ignored. 

It is perhaps interesting to note that the items with the high internal 

rate of return and, hence, the rapid pay offs are the ones which create the 

most trouble in this type of analysis. They are also the ones which are most 

likely to be summarily included by any criter-a because the interest iselement 

so relatively unimportant. On the other hand, we might initially susnect that 

the long-term investments involving relatively low gross Rnnual returns would
 

produce the most difficulty when compared w,,ith" conventional "precise" 

procedures. 
 It is, however, in this very area that the tWo procedures are
 

likely to lead to almost identical decisions. This is on the assumption a
 

single )rocedure is consistently used for all decisions throughout the
 

particular society. It is uncritical switching between the Tay-off period 

approach and the conventional procedures which are likely to lead to 

inconsistent and wrong decisions. Even this type of switching is possible, 

however, if appropriate correction factors are used. In this section we have
 

developed one and found that it varies within surprisingly narrow limits. In 

later sections it will be shown that other corrections are appropriate as the
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analysis becomes more sophisticated and more complex. Working with the idea
 

of bounded limits rather than a single precise figure greatly siimiplifies these 

corrections. It also makes the degree of complexity mid precision itself a 

variable subject to precise control by the senior operating economists. 

At this point, it is perhaps appropriate to introduce the assumption 

of a non-zero rate of return on the marginal investment. Ile turn to that in 

the following section. 
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APPENDIX III: INTEREST 

At this point we can drop the assumption of a zero interest rate. 
This
 

does not necessarily mean that the model assuries a Western style financial
 

market. Bearing in mind that the emphasis here is on decision making, the
 

major concern 
 is with the interest rate as a rationing price. In the real 

world capital is not a free good, and it is not possible to undertake every
 

investment which coverwill eventually its depreciation. In conventional 

terms we might think of cotiputing the internal rate of return feasibleof all 

or possible investments. If these were written down in a single long list, we 

would place the investment with the highest internal rate of return at the top 

of the list and the one with the lowest rate of return on the bottom of the
 

list so that all of the investments were rank ordered. Then we would commit
 

funds to each of the investments in order until the capital resources were
 

exhausted. There 
would exist two items on the list next to each other, the last 

one which was included and the one immediately below it which was excluded. 

Presumably, the internal rate of return on these items wouldtwo be almost 

identical and the internal return on marginalthis is rate of the investment 

or the marginal rate of return. In a perfectly competitive laissez-faire type 

capital market, presumably the market rate of interest should also apnroach 

this figure. 

The rationing function of the interest rate is to assure that none of 

the scarce capital is employed on submarginal investment projects. Since all 

capital is assumed to be employed, such expenditure would mean that a shortage
 

or bottleneck would be created somewhere and that some more desirable project
 

would be eliminated or unnecessarily delayed. By introducing the interest rate 

as a cost - even a fictitious or shadow cost - it appears that the submarginal 
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projects are operating at a "loss," 
and therefore they will not be undertaken.
 

As a result, sufficient resources would be available so that all of the more
 

worthwhile Projects will be completed. 
Thus, the rationing fumction of the
 

interest rate is completely negative, a disincentive, and applicable to analysis
 

of all types of economy. 
The important thing is that the resources represented
 

by the interest be taken away from each project. At this point, what is done
 

with these resources is completely irrelevant. Passing these resources on 
to
 

selected individuals or institutions within the society is likely to have
 

important effects on the matrices of income distributions and incentive effects.
 

It is in these areas, which have nothing to do with capital rationing, that 

the most important differences among various economic systems 
occur.
 

There are a variety of definitions of the interest rate. 
The definition
 

used here will be the gross annual return on a perpetuity which has a present 

value of 1. Being a perpetuity, no allowance will have to be made for
 

depreciation. To maintain comparability with other symbols beinp used the 

interest rate on an annual basis will be given the symbol R, and r will be the
 

natural logarithm of the term (1 + R). 
 In this section both the depreciation
 

and the interest are treated as costs and, therefore, the entire gross annual
 

return is allocated to these two items until they are fully covered. 
Only then 

is any of the return available for profits. The task here is to find the value 

for ti which is the point of time in the future at which profits begin to
 

become available.
 

Throughout this section the term (A 
- R) will frequently appear. The
 

easiest verbal interpretation of this is that in each year the interest charge
 

is deducted first and the remaii dor is available for depreciation. This might
 

seem to 
reverse the earlier assumpticn that depreciation has the first priority.
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This is, however, only a mathentatical quirk. At ti both the depreciation and
 

the 	interest have been fully covered and, as is shown in the appendix on
 

accounting, taking out the depreciation before anything is taken out for inter

est has no effect on the value of ti,
 

As the first approximation to ti we again assume that depreciation
 

reserves cannot be reinvested and, therefore, earn no return. If R of the
 

gross annual return A must be 
set aside each year for interest payments, then 

the sum A - R is available for depreciation. The estimate of t.

1	 
is then given 

1 
by 	t. I
 

i 	 A-R (3.1)
 

For example, if A is .27 and R is .22, the estimate for t. will be 20
1 
years. It isnow apparent why the term (A - so crucial.R) is When A and R
 

are close together, very little will be left to cover depreciation, and the
 

project will be worthwhile only if it has a long lifetime. 
At this level of
 

analysis only the difference matters and the result would be the sam.e 
if A were
 

equal to .12 
and R equal to .07. It is also obvious that A must be larger then
 

R, or equal to it in the case of a non-depreciating investment. 
The relation

ship between these two variables is so critical that not only the difference
 

but also the ratio between the two frequently enters into the formulae. 

By 	definition, R/A is equal to g.
 

The close resemblance of (3.1) to (1.1) suggests the interesting
 

question, what is the equivalent to (1.23)? If te assume that to some extent,
 

at least, the accumulating depreciation reserves can be reinvested, the question
 

is at what rate of interest will this reinvestment take place? In order to
 

avoid the argument for the time being we will specify a third variable B, the
 

annual rate of return on reinvested earnings, and its complement b, the natural
 

logarithm of (1+ B). 
 On 	this basis the general formulae can be developed.
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Later B can be set equal to A, or to .R, or to any other value or bounded set 

of values, to create a variety of special cases.
 

If the project is obligated to make ai interest Dayment of R each year, 
then the remainder of the gross annual return, namely the amount A - R, is 

available for investment at the rate B.
 

Amount of Annuity = B) 1B n(.1 1ebtB-- (3.21) 

Formula (3.21) gives the amount of an annuity of unit value per period after
 

a term of t periods at a rate of interest of B per period. Since in fact the
 

amount available is (A 
- R), formula (3.21) is multiplied by this term to give 

the left side of formula (3.22) below. WVhen this term has grown to equal one, 

the depreciation reserve will be equal to the original investment and the gross 

annual return will be available for profits. Therefore, the riaht side of
 

(3.22) has been set equal to one and in the following equations equation (3.22)
 
has been solved for the value of t. 
t is an alternative figure for t. based
 

1 
on the above assumptions.
 

C--, (A-R) = 1 (3.22) 

ebt 8 + A-R.B 
A-R A-R (3.23) 

In A-R+B
bt = (A-R 
(.4
 

-bt = An 3.25) 
t i -nA-R = [n B (3.2)

[4 (1-- 5.[Xn,', + (34.-26) 

If a table of natural logarithms is available and the values of A, R, 

and B are all known, it is not a difficult task to solve equation (3.24) or 
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(3.25) to obtain a precise value for t. For reasons which will become
 

apparent as we progress, this is 
rot our major objective here. In (3.25) use
 

has been made of the fact that the logarithm of an inverse is the negative of
 

the logarithm of the original term. must
When this is done, the term (A-
A-R+B 

lie in the range zero to one for all admissible values for the variables. Use 

is made of this fact in (3.26) and (3.27) in which the logarithms are evaluated
 

by means of a convergent infinite series. 
 The fEnai estirate is given in
 

(3.28).
 

-btMVB
1 -B 2 1 -B 3bT R-R) I "B+A-R + N (+--R) " (3.27) 
IB 1 B 2 1 +B 3 1 -Bn
 

bt o + (A- + () (-) 
 (
(3.28)
 

1 B 1 (B 1 B 2 1 B n-lI b (+-ARI[1 + ! B+A)-R + 3 )- TB+= I 

B 1 [+ B I B 
 2 I B n-1
 
S(B+A-R! B+-R + B+---R) T B+A-R (3.29) 

The left-hand term has been given the notation tk to indicate that it is
 

a lower limit. As additional ters in the series within the brackets are
 

included, the value of t, gradually increases approaching the value in
 

equation (3.22) "from below." 
 Thus equation (3.29) is a lower limit on 
the
 

minimun' life the project must have to "pay for itself."
 

(3.28) and (3.29) are at the same time very useful and potentially
 

dangerous. As is illustrated in many subsequent examples, they frequently
 

converge quite rapidly. 
In these cases only a few terms in the series in the
 

brackets need to be computed. 
However, the series is not absolutely convergent
 

and we are not sure at any point how large the remaining approximation error
 

is. Where B is large relative to the expression (A-R), the value of the
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expression (,+-7) will he very close to one. If this expression were one, 
the series within the brackets would be harmonic series which do not converge 
but expand without lijait. 
 For this reason it is necessary to derive an
 
equation for tu which is 
an upper limit for the value of t 
in (3.22). In this
 
way the residual approximation errors will be brought completely under control.
 

The first step is 
to introduce an intermediate variable
 

x - BARB 
(3.30)
 

With this sirplified notation (3.28) becomes
 

x2 x3 +4 n
 
2 3 4 


(3.31)
 

It is now possible to define a set of U variables, each of which will belarger than bt providing only that x is less than ote. The first of these is 

U1= x + 2 + x3 + x4 n x1 
 *1 
 -x 
 (3.32)
 

n co 

The value of U1 is etermined by the well known formula for the sum of a
 
geometric Progression, as shown. Every term in (3.32) is greater than equalor 
to the corresponding term in (3.31) and therefore U1 will alway' be greater 

than bt in (3.31). 
 The difference between the expressions in (3.32) and (3.31)
 
is quite large except for the first term. 
Therefore, a new expression U2 is
 

defined as
 

2 x3 x4 xn 
vx 

n ** 

U2 = U1 -. (21)= (1 - U1 (3.33) 
U2 will also always be larger than bt in (3.31) but will be smaller than U1
 
in (3.32) as is evident from a term-by-term comparison. 
 As shown, it can be
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expressed as a function of U1 and x.
 

In similar fashion it is possible to define 113 and Un as follows:
 

2 
U3 = x + ...s(o = U2 - = (I- - X )U1 (3.34) 

x2 x3 x4 x 5 xn 1 1 2 x 

1 1 12 1 1 3 1n U1 [( 1-)x - (, .-- ) X - CS - ,)x ... 1n-l i.e.,j.)X. 

UU [I x 2 x 
 x (3n-S 

-1 1 - * - .T2 -W(n]l (3.3s) 

As 	n gets large in (3.3S), Un will approach bt in (3.31) as a limit. Since U 
n 

is always greater than bt, it functions as a decreasing upDerbound. t is
 
u
 

defined as Un 
divided by b producing the desired upperbound for the value of t 

in (3.22). 

U = 1 	 2 3 X 4 
-

x5 X 6 X 7 8 X9 10X 
_ .2Ul [1 T2 2- 30 2- T6 - 72 TO 11 

B 
 (3.36)
 

t 	 [[ 1B+A-R,I I B 2 1 B 3
 
= B.----B+A-- 6
+-R) -6 - T2 (B+Am-R 

I B I B 1 B 2tu R [-RRmT ... 

tu B I. [l- ( -I -- R2 ... (3.37) 

t" 	 1 2x ... ]t3 (3.38)
 

In 	 (3.38) x is again introduced to simplify notation and t. is taken

1 

from (3.1). As already shown expressions of the type B/b tend to be
 

predictably close to one, the difference being related to the difference 

between annual and instantaneous compounding. Interpreting ti 	as a "pay out
 

period" estimate, the expression in the brackets in (3.38) describes the 

reduction in the pay out period which is made possible by reinvesting
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accumulated depreciation reserves at a compounded rate of interest. 

!e now have developed two alternative estimates for a sophisticated 

pay out period - a lower bound in (3.29) ond an upperbound in (3.37). In 

many, perhaps most, situations these estimates will rapidly converpe, and it 

would make relatively little difference whether the low'er bound or unperbound 

estimate were used. However, in certain cases, namely those for which x is 

close to one, the difference between the upper and lower bound can be quite 

great. To take an extreme case, which will be investigated further, assuming 

B = .50 and (A-R) = .01, the "one term" estimate of t k is 2.5 years and the 

"one term" estimate of t u is 123 years. These t'o estimates rapidly approach 

each other as more terms are ccnsidered. The examnle is introduLed at this 

point only to indicate that the difference between the two estimates is, 
at
 

least potentially, serious. Rather than pursue the example further, we can 

attack the problem in a more general fashion. One way to do this is compute 
the ratio ti which, after simplification, becomes (3.39)..--

U 

A-R 2 + x+ (3.39) 
--T 2 J ' 1 12 0( - X) -

u 1 -ix .. ( 

In the right side of (3.39) the first factor (within parenthesis) is the ratio 

of the "one term" estimates of the two bounds respectively. The second factor 

(within parenthesis) is the ratio of tae two infinite series in the two 

estimates respectively. As these series are expanded, the entire product in 

(3.39) becomes equal to one since the upper and lower bounds approach each
 

other. 
In the case of a one term estimate, however, the expression within the 

second set of parentheses is equal to 1 and the value of (3.39) is at its 

minimum, indicating the maximum discrepancy between the upper and lower bounds. 
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Thus, if the value of x in (3.39) were equal to .01, we could be confident 

that the value of the lower bound would begin at 991 of the value of the upper
 

bound and the discrepancy between the two would diminish. In the extreme
 

example just used, however, the value of x becomes .50/.51 which is equal to 

.98+. In this case, the first lower bound estimate is only 2% of the upper 

bound estimate, and this information is so imprecise as to be of little value at 

all.
 

Before proceeding with the numerical analysis of this extreme case, a
 

brief look at its economic characteristics may be useful. In the first Place,
 

the assumed value of B is very high, .50 indicating a nay out period of only 

two years. In most realistic cases, it will not be possible to reinvest the
 

depreciation reserves at a rate of return higher than the internal rate of 

return on the original investment. Therefore, the value of A is also likely to 

be .50 or greater. For simplicity we can set A = to .50. We have assumed 

(A-R) equal to .01 which then means that R = .49. This implies that the 

typical investment earned a rate of return of 49% per year over aboveand its 

necessary depreciation. This means that the typical investment is likely to 

have a gross annual return, a value of A, which is .60, .65, or greater. This
 

would seem to imply a society in which capital was very scarce, and the 

current project under consideration is apparently truly a marginal project 

which will not create an available profit over and above depreciation and 

interest for some years. The question is whether it will be 2 1/2 or 123 1/2 

years before such profits become available. Since this is only an example, by 

making use of the natural logarithm tables and (3.24) we can determine the 

value of t as follows: 

t n Sl 
bb"= + n 1.50 * 9.65 years (3.40) 
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It might seem at first glance surprising that the value of t is as low as
 

9.65 years. However, this is not a short 'eriod of time when set in , society 

where the normal rate of interest is 50o, implying accrued pay-out reriods of 

2 years or less. 

It mij.ht be of some 'nterest to see the pattern which emerges as the
 

estimated values of t u and 
t x approach ench other in this case. Eliminating 

the intermediate calculations, Table 1 summarizes the results which would be 

obtained.
 

TABLE 1 

Estimates of Pay-Out Periods as Number of Terns in Estimate is Increesed 

No. of Terms t £tu tu 

2 

1 123.3 2.4 62.8 

62.9 3.6 33.2 

3 43.2 4.4 23.8 

4 33.5 5.9 
 19.2
 

5 27.8 5.4 16.6 

6 14.2 5.8 10.0 

7 11.7 6.1 8.9 

B =.SO A- .50 R =.49 

The first column specifies the number of terms used in making the 

estimates; the second column is the ectimate of t based on the number of 

terms in the first colwrm; the third column is tho estilnate o tZ based on 
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that number of terms; and the fourth columi is the average of the upper and 
lower limits based on the number of terms in the first column. For example,
 

if five terms are used, the upper limit estimate is27.8 years; the lower
 
limit estimate is 5.4 years; and tne average of the two is 16.6 years. 
In the
 
early stages, the average is above the actual value of 9.65 years which we
 
obtain in (3.40), but in the seventh and later stages it does not hold true. 
As pointed out in the main part of the article, for the oroject which is truly 
marginal, the final decision will probably have to be made by highly trained 

personnel. 

By way of contrast with the previous example, we might consider a case
 
which is somewhat more typical. 
 Table 2 is similar to Table I but applies to 
a case with an internal rate of return (gross) of 25% and a normal rate of 15%.
 
Depreciation is assumed to be reinvested at the normal rate of return. 
As
 
shown, a "one term" estimate of the pay-out period is from 4 to 10 years.
 
Using only three terms, this is reduced to the range 5.6 to 6.4 years; and
 
using six terms, the range becomes 6.05 to 6.15 years. 
 Strictly speaking,
 

each of these must also be multiplied by 1.073, the value of r 
*15
 

TABLE 2 

No. of Terms tu t9 tu 	+ tP 
2 

1 	 10 4 7
 
2 7 
 5.2 
 6.1
 

3 6.4 5.6 6.0
 

6 
 6.15 6.05 6.1 
B = .15 R .15 A = .25 
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In Dractice, it is quite likely that a specific "nile of thumb" using 

a small number of terms ,:ould take care of most cases. The exact specification 

of what the rule of thumb should be must, however, depend on experience. 

The development of such "rules of thumb" would simplify the necessary 

mathematics well below the university level. This :ould make it possible to 

utilize the grass roots know-how of the intelligent worher with Practical 

knowledge of the job but with more limited formal education. 
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APPENDIX IV: ACCOUNTING AND BOOKKEEPING 

Although the precise details would have to be worked out by persons
 

qualified in the field, some 
idea can be given of the effect the suggested
 

procedures would have on the bookkeeping done by the individual firm or
 

decision-making unit. 
To this end, Tables 3 and 4 have been coastructed. They
 
are largely self-explanatory. 
In order to maintain comparability, a gross
 

annual return of 15 per cent, a normal or market interest rate of 10 per cent,
 

and an expected life of 25 years has been maintained throughout both tables. 
In Table 3, it is assumed that the accumulated depreciation reserves do not
 
earn a positive rate of return. 
 Interest liability attaches not only to the 

original but also to any accumulated back interest. In Table 4, it assumedis 

that the depreciation 
 reserves are reinvested at the market rate of interest,
 

namely, 10 per cent. In the 
 "normal accounting procedures" these additional
 

earnings are immediately added to profits; 
in the proposed procedures they are 
used to hurry up the repayment cf capital. The concept of repayment of
 
capital has been introduced in Table 4 as 
 being more general than a depreciation 

reserve. There is no reason why this "repayment" cannot intobe made a
 
special reserve fund. This 
fund could then be reinvested at the market rate 
of 10 per cent which would mean that the accumulating back interest in
 

column 3 and the interest payments 
 in column 5 would be anpropriately larger. 

As indicated elsewhere, if all flows are smooth and all expectations
 

are realized, a choice can be made at random among many formerly equivalent 

procedures. The test inreal comes terms of how much readjustment must be 
made when the unexpected happens. On this test the suggested procedures will 

perform quite well.
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TABLE 3 
Compaxison of Alternative Implicit Accounting Prooedures
 

Suggested Aooounting Procedures Normal Accounting Procedures 

I]Depreoia- Acoumulat-Depreciat- Interest Prof-: Depreci- Interest Profits 
Time, tion ed Back ion Pay- Pay- its ation Payments 

'Reserve Interest ments ments Payments 

0 ..oo (2) i f 4 . (5) 1: 16) (6 . 

i 
2 

-15 
.30 

.10. 

.21 
.15 
.15 

.00 
I 

.00 .04 .10 .01 

3 
4 
5 

.45 

.6o 

.75 

.33 

.46

.61 
.15 
.15.15 

6 .90 .77 .15 .00 
7 1.00 o .10 o05 
8 
9 

.0073.00 
.65 

.15 

.15 
10 

11 
-" .57, 

.47 I15 
.15 

12 .37 .15 
13 .26 .15 
14 .13 .15 0 

16 
050 
.00 f .15 

.10 
.00 
05 

171 .10 .05 
18 " 10 .05 
19 .10 .05 
20
21 .10 .10 .05•05 
22 I .110 .05 
23 .10 .05 "1 
25 .10 .05 .04 .10 .01 

26 I .10 .05 .00 .10 .05
 
27. .10 .05 .io 
 .o5
 

A -.15 - Gross Annual Return 

R = .10 = Normal or Market Interest Rate 

25 years - Expected Economic Life of the Project 



Table 4 

Comparison of Alternative Implicit Accomiting Procedures 
with Re-Investment of Accumulated Reserves 

MDme, 

0 

v. Capital 

(1) 
1.00 

Suggested Accountk 
C onInterest AccBack Repayment 

De(com-Interest of Capital
Ipounded) IPf

(2) (3) (4) 

Procedures 
Int.Payments 

(5) 

Prfits 

(6) 

Dep.Reserves 

(7) 

I~ormalAco 
fDeprec. 

(8) 

Pr 
Interest 

(9) 

ures 

Profits 

(10) 

2 

5 
6 
7 

8 

1.0 
85 
S.70 

455 
.40 
.25 
.10 

.oo 

. 

.095 

.090 

.084 

.077 

.070 
062 

.053 

.10 

.195 

.285 

.369 

.446 

.516 

.578 

.528 
.581 

.15 

.15 

.15 

.15 

.15 

.15 

.10 

00 

.05 

.15 

.00 

.04 

.08 

.12 

.16 

.20 

.24 

.28 

.04 

.04 

.04 

.10 

.10 

.10 

1.010 
.01 
.01 

+ .000 - .010 
+ .004  .014 

.018 

.022 

.026 

.30 

9
10 
11 
12 
13 
14 
15 
16 
17 
L8 

ooo .043 
.033 
.021 
.008 
.000 
.000 

431 
.474 
.324 
.357 
.207 
.228 
.078 
.086 
.000 

.0o0 .15 
.15 
.15 
.086 
.000 

.064 

.15 

.32 
.36 
.40 
.44 
.48 
.52 
.56 
.60 
.64 
.68 

L9 .72 

•76 

A  ,.15 Gross Annual Return R = 

Y 

.10 Normal 

? 

or Market Interest Rate 

.80 
•84 
.88 
S.92 
.96 

1.00 
1.00i.00 

25 years = 

..04 
.04 
.04 
.04 
.04 

.00 

.00 . 00 
Expected 

.10 

.10 
.10 
.10 
.10 
.10 
.10 
.10 

Economic Life of Project 

.098 

.102 

.106 

.15 

.15 

.15 


