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The thesis is concerﬁed with the problems which confront the
practitiouer when seeking to trasnslate capital budgeting theory
into operational terms. It argues that the lack of widespread
acceptance in industry of the discounting model can pe attributed,
in part at least, to the complexity and subjectivity of conventional
recommended precedures. In particular, the practitioner is
presented with two central issues, the uncertainty about whether to
use ‘the Internal Rate of Re@urn or the Net Present Value method, and
" the apparently almost insurmountable problem Qf selecting the correct

discount rate, The thesis seeks to establish:

(1) that the internal rate of return is incorrect in nrinciple for

choosing between alternative projects, and should be discarded

as a primsry criterion,

—~
N
e

that the current yield on Government bonds is a satisfaclor
discount rate to use for evaluating any project, irrespective

of

(a) the project's riskiness,

(b) +the method of financing,

(c) the expected rate of inflation,

(d) the tax deductibility of interest payments,
(e) the firm's dividend policy,

(£) +the flotation costs incurred in raising the finance.

Contribution of the thesis

Internal rate of return:

1. Demonsbtrating that the reinvestment opportunities for intermediate
cash flows are irrelevant when assessing projects under
nonrationing conditions.



2.

5.

Indicating the theoretical irrelevarice of a rate of return
internal to a project for assessing its desirability.

Proposing an alternative ratio to supplement the NPV which
ig consistent with the latter.

The required rate of return:

1.

2.

Demonstrating that the operation of the +ve NPV rule

(a) invalidates all empirical studies designed to ascertain
ex ante required returns from anaiyses of ex post
returns;

(b) invalidates the assumption that maximisation of the
share price is equivalent to maximisation of the value
of the firm,

Demonstrating

(a) that rejection of the assumption of a risk-premium for
equity investors is theoretically and empirically
defensible;

(b) that the cost of a corporate bond is independent of
the bond's coupon rate;

that the practice of reducing the cost of debt by
the rate of corporation tax to reflect the tax
deductibility of interest payments can lead to
incorrect solutionsg, and

~~
¢}
S~

(a) that the practice of adjusting the cost of capital
to allow for flotation costs leads to incorrect
solutions. :



INTRODUCTION

"While theorists recommend the IRR (or NPV) criterion of investment
appraisal, this study confirms the prevalence of the payback period
and the accounting profit criteria in practice. The theorists
must identify the reason why financial executives prefer these
alternative criteria and modify the IRR (or WPV) method to make it
more generally applicable."

Jemes C. Te Mao  Journal of Finance, May 1970; p.359

The selection of capital projects is among the most critical
decisions that businessmen are required to mske. The pace and
direction of the firm's growth and, in turn, the economic welfare
of the nation, are dependent, in part, on the quality of the
investment appraisal procedures employed. Yet it appears that a
high proportion of firms in the U.XK. employ theoretically inadequate
methods of assessment. This thesis is concerned with the problen
of making the correct appraisal techniques acceptable and 6ompre—
hensible to the significant number of firms which have not yet

adopted them, without a material sacrifice of theoretical rigour.

yrie i Phe"management of capital 'éxpenditures comprises a number of

{
steps which were best summarised byﬂJoel Dean, as follows: (1)

1. & creative search for investment opportunities

24 .Long—range plans and projections for the company's future
development ‘

3+ A short-range capital budget

4. A correct yardstick of econocmic worth

5. Estimation of the economic worth of individual projects

(1) Dean, 1954



6. Screening and selection of proposals
7. The control of authorised outlays.
8. Post-completion audit

9. Disposal of the project

10. Forms and procedure

Capital bu&géting theory is primarily concefned with step 4, the

search for a correct measure of economic worth, and it is clear that if
unsatisfactory yardsticks are used to evaluate potential investments
there may be little incentive to carry out the other steps with any -
degree of thoroughness. The effort needed to search for new investment
opportunities, for example, or to improve the quality and flow of
information needed to evaluate them, may appear futile if their
effectiveness is destroyed by inadequate assessment. But, at the

same time, it needs %o be emphasised that whatever yardstick is used, it
should be perceived as no more than a tool whose function is to give
the decision~meker an insight into an investment's desirability., It
seems at times that the emphasis which academic writers have given to
this stage of the investment decision process is disproporticnately
.large. . To be effective, the selection criterion must not only be
theoretically acceptable, it must also be practicable, and be capable

of being understood, both by those wﬁb use it, and, if possible, by
those whose contribution to the investment process is affected by i%.
These goals of validity and simplicity may at times conflict with one
another, particularly, when the desire by theoreticians to construct

a completely éatisfactory theoretical framework leads to the development
of solutions which are inaccessible to the majority of practitioners.

It must be apvarent to readers of journals such as the Journal of
Finance, the Journal of Financial and Quantitative Analysis, and the
Journal of Business Finance and Accounting etc., that the conflict

between the two goals may have already come +to a head. The ianvestment



appraisal literature demands from executives the capacity to integrate
a variety of management science techniques, including utility analysis,
mathematical programming, probability and statistical methods, whilst
at the same time, it exposes and leaves unresolved a series of
conceptual and operational difficulties which combine to give the
recommended procedures a high susceptibility to wide margins of

error. There is an increasing dangervthat decision-makers may pay

no more than a lip service to the newer techniques, whilst seeking
refuge in the traditional more familiar rules of thumb for their

(2)

prirmary guidance. There is some evidence that even among those

firms which have adopted the discounted cash flow approach, there are
many which still employ payback and the accounting rete of return as
supportive if not primary criteria of selection. A large number of
firms do not even pay lip service to the discounting methods,(3)
presunably because they are ignorant of them, or because they believe

that the derivation of data to be analysed involves such a range of

possible errors that only a rudimentary economic analysis is justified.

If the economic principles which underly the quantitative techniques
employed are incapable.of being interpreted by the nonspecialist, the
problem of balancing the qualitative and quantitative aspects of the
decision will be magnified to a degr;e %hat may allow the quantitative
neasures to dictate the decision rather than to inform the decision-

maker. It becomes increasingly important to guard against the dangef

. thaf as the elegance and sophistication of the techniques increase,

the investment decision will be assumed to be capable of resolution

entirely on a gquantitative basis, with the result that effective

authority for making investment decisions could be transferred from

(2)  e.g. sce Kiammer
(3) see Cooper 1975 page 198



the management team to the specific personnel responsible for
manipulating the data. If we accept the premise that the decision

to undértake other than routine investﬁen%s is too important a

matter and has too many nonfinancial implications fto be encompassed

in a mathematical formula, hovwever elegant, it becomes a métter of
importance that this trend be resisted. To some extent, at least,

the tools recommended by scholars must be tempered to match management'é

capacity to use then.

The purpose of this thesis, therefore, is 1o search for an approach
to the analysis of capital expenditure, which is fundamenfally consistent
with current theory and, at the same tine, sﬁfficiently straightforward
to give the discounting tvechnigue a wider abpeal, and a genuine
significance for the non finance specialist. The search derives its
inspiration from the conviction that the recent emphasis by theoreticians
on the need to evaluate projects not as isolated financial events but as
constituents of a portfolio of risky assets of unspecified range, is as
potentially capable of providing a framework in which the selection
criterion is reducible to a meaningful expression within the resl
understanding of the nonspecialist, as it is capable, if not harnessed,

of alienating him entirely.

One of the dangers of striving for a simplified framework to

facilitate the task of practitioners in real world decisions is that

of appearing to wish to make light of the contribution which theory
has»to make. In no sense is that the intentionvof the present study.
Indeed, it is precisely as a result of the very sigﬁifiCant theoretical
strides that have been made in recent years that the proposed framework
finds its basis. Part of the task, of course, is to question a nﬁmber
of technicalitiés that have emerged in the literature and which appear

" not to justify their usefulness. And, by definition, the search for



simplification involves the rejection of certain refinements as
being inappropriate to a basic model which is designed to he
acceptable to a broad spectrum of corpoiate users. But the writer
is aware that in a field which is expanding as rapidly as corporate
finance, further significant developuments can he expected in the
future, and, therefore, né solution can be presented which is not
amenable to improvement. It is important, thersfore, that the
franework presented retains significant flexibility to allow
refinements to be incorporated where appropriate, without, at

the same time destroying the practicability of the basic model.

Although the subject of the thesis concerns the practicébility
of recommended investment techniques, the research procedﬁre is
essentially theoretical in character, apart from some empirical
testing of investors' attitudes to risk, the findings of which
are reported in Chapter 5. A considerable proportion of the study

| consists of seeking to identify errors in accepted theory which have
created unnecessary complications for the student and practitioner
of capital budgeting, and the remainder Qonsists of an attemnpt to

Nvggyg}op a selection criterion which meets the test of pfacticability
with the mininum sacrifice of theofetical rigour and integrity.
In particular, the thésis is concerned with the nature and validity
of the internal rate of return criterion as an apparent alternative
to the net present value approach to the evaliation of investment
proposals, and with exploring the possibility of justifying the use
of a readily observable market-determined rate»éf interest as the

appropriate discount or cut-off rate.

The first chapter consists of an exposition of the fundamental
tools recommended by academics to practitioners for the analysis and

evaluation of investment proposals.” Commencing with a brief account



of the historical development of accepted decision procedures, the
chapter proceeds to identify the two principal theoretical issues
with which practitioners are confronted, ithe choice between using

the IRR and NPV approaches, and the derivation of the relevant

cost of capital for use as the discount rate. The chapter identifies
and discusses at length the unresolved issues associated with these

controversisl topics.

The second chapter focuses on the IRR, and seeks to establish
that current theory has offered incorrect reasons for its failure
to produce consistently cqrrect signals, and concludes that the IRR
is incorrect in principle, and has no effective relevance as a
criterion for optimal investment decisions. An alternative
profitability ratio is offered as a supplement to the NPV measure,

which is consistent with the economic rationale of the latter.

The third and subsequent chapters are concerned with the
theoretical and practical issues involved in the derivation of the
firm's cost of capital. The cost of equity aﬁd the cost of debt
are considered in turn, together with the impact of the firm's

’Egﬁi%éi”mgi and dividend policy. Clearly, these issues present
enormouns concéptual problems which may never be capable of being
fully resolved, and it is far beyond the scope of this thesis to
seek to do so. However, they are issues which create significant
obstacles for the practitioner iﬁ his efforts to find operational
rules for applying the correct decision procedures, and the
respectivé chapters address themselves principally to the task

of finding compromise éolutions acceptable to practitioners and
theoreticians alike. The penultimate chapter considers the accounting' 
implications of the previous chapters and seeks to demonstrate the

dependency of the proposed solution on adeqﬁate publication of



relevanf data. The final chapter draws together the findings of the
previous sections, and after analysing their significance, presents

the recommenced decision framework.
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Chapter One

THE ISSUES

The objective of the Investment Decision

The theory of business finance in general, and of capital
budgeting in particular, is concerned with'fhe impact of the firm's
financial decisions on the welfare of one group of participants,
the shareholders or residual owners of the firm. This is not
to say that fipance writers fail to recognise the existence of
other goals or imply that firms do not have responsibilities other
than to shareholders. But in a free enterprise society, it is
desirable at times fto abstract frem the wider responsibilities of
the firm in order to focus on the implications of the firm's
decisions as they affecf those who supply the risk capital, and
with whom traditionally rests the right to initiate or discontinue
business operations, Whilst it may be possible in the future fo
construct a theory which encompasses the firm's responsibilities
to all interested groups including society at large, theoreticians
have not yet succeeded in achieving an agreed operational framework
fér‘théléhérehoider group. It is unlikely thgt we will be able to
develop the proper perspective needed to undertaks the wider synthesis
until we ha&e successfully formulated the claims of the individual
participating groups. Thérefore, even in a mixed economy, the

apparently narrow focus of capital budgeting theory can be validated.

Shareholders' welfare is generally defined in terms of wealth

maximisation or maximisation of the net worth of the firm.(1) Wealth

(1) €.2 See Van Horne, page 6 and Weston and Brigham page 11



rather than profits is the relevant goal pecause the former
reflects both the risk dimension of the firm's financial decisions
and the time value of money. It is therefore in the context of

this goal that the subsequent chapters are developed.

In order to achieve a valid measure of wealth, two ingredients
are necessary, an appropriate income stream and a discounting
procedure to convert the income stream into present value terms.

The relevant income stream is now almost universally acknowledged

by theoriticians to bo~cash, because it is cash rather than profit
which is needed to service capital. The main controversies are
concerned with identifying a discounting procedure which conceptually

and operationally is capable of achieving the agreed objective.

Although compound interest as a mechanism for reflecting the
time value of money dates from the 014 Babylonian Period in
Mesopotamia 1600 B.C.,(z) prior to the 19th century the application
of discounting was substantially restricted fto the evaluation of
loans and life insurance., It was not until there was a significant

,rigc?oooe”ipvfhougagpitode ofﬂigyestment>outlays, in particular
‘Witﬁ‘the coming and development of the railways, that the
importance of incorporating some allowdnce for time in the
evaluation of nonfinancial invéstments became recognised. Since
the 1950s especially the sophistication of capital budgeting
techniques has increased enormouély. Yet certain fundamental

issues remain unresolved, not least the fact that there are two

distinct methods of implementing the discounting principle,

(2) Por a brief history of the discounting approach cf. Parker 1969
ChapterAB.

10 -



the internal rate of return (IRR) and the net present value
approach (¥PV). The IER is the rate of interest which equates
the present value of future cash receipis to the initial capital

cost of the project, namely the solution r to the equation

N
A |
> _f =0 )

t =1 (1 + r)t

where At is the net cash flow at the end of year t; C is the
capital outlay; and N is the expected life of the project.
The IRR criterion states that a project should be accepted if

its internal rate of return is above k the cost of capital to the -

firm.

The equation for the net present value formula is

N

ij;:“F b - ¢ (2)

t=1 (1 +x)"

The NPV criterion, therefore, states that a project should be
accepted if the wvalue of its net present value is greater than
zero, where the excess represents the contribution to the firm's

present value.

The IRR ig variously known as the Time Adjusted Rate of
Rgturn; the Investor's Method; the Yield: and (nisleadingly) the
Discounted Cash Flow Method. It is identical to Keynes' marginal
efficiency of capital(B) butinot identical, as Keynes efroneously

(4) (5)

assuned, to Irving Fisher's marginzl rate of return over cost.

4 For a discussion see Alchian 1955

§3§ Keynes, page 140
5 Fisher, page 155
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The latter ratio is essentially rclated to the comparison of
alternative streams, whilst the former is the rate which equates

the present worth of an income stream with its expense stream. The
ranking of projects according to their NPVs depends in part on the
rate of interest used tb discount the cash flows. The Fisher rate
is the rate which brings the NPVs of two investments into equality.
It is the turning-point interest rate, and for rates above the Fisher
rate, the ranking of the two projects is different from that given
by rates below it. The Fisher rate is mentioned here because,
although it has not been widely used or recommended for use in the

(6)

text~books, it has recently been cited in the journal literature

(7)

and by at least one texit-book to provide supporv for the IRR in
the IRR v NPV controversy. The significance of the Fisher rate
will be discussed in a later section of this chapter and again in

Chapter 2.

IRR v NV

“""Under conditions of certainty the NPV measure is obtained
simply by discounting the net cas@ flows at the pure rate of
interest, and the IRR is compared with the same rate. For
simple accept or reject decisions it is a matter of indifference
which of the two methods is used because theyhoth provide
consistently correct signals. In reality, of course, conditions
are not so simple and significant problems arise fundamentally
for two reasons (a) the investment decision is frequently not a

simple one of ‘accept or reject', but involves a choice between

§6g Carlton Dudley, pp 909 -~ 913
7 See Mao, Quantitative Analysis of Financial Decisions, page
234

12



projects, and (b) the future is not known with certainty, and
some allowance must be made for the degree of risk which projects

are perceived to have.

Before outlining the ccnceptual problems which the decision-
maker mcst face in practice when choosing between the two methods,
it should be stated that it cannot be argued that having two
methods rather than one is in itself a source of strength. Bven if
the two approaches consistently produced correct solutions, there
appears little merit in presenting practitioners with both, if
by agreeing upon one of them, the decision process could be |
simplified. If in fact one method consistently produces correct
vsolutions, and the other not, then clearly the former would appear
to be the appropriate choice. This conclusion would seeﬁ even more
forceful if the second (inconsistent) method gave rise to a nunmber
of theoretically complex issues which caused the decision-process
to appear considerably more complicated than if the first method
alone were used. In practice the two methods do produce

confllctlng qolutlons and because there is strong support for

LS U HE N FNENTS

each it remains to be establlshed whether both have a valid role

to playe. -

Although much of the subsequent discussion will be concerned
with the theoretical validity of each of the two techniques, it
should be noted that the arguments proposed in support of the
respective approaches are frequently practical in character. Thus
the IRR belng a ratio of profitability is claimed to be understood

(8)

by businessmen accustomed to thinking in terms of percentages.

: (8) Merrett and Sykes, The Finance and Analysis of Capital Projects,

Page 123
13



Again,‘since by definition the IRR is the rate internal to the
project, the ranking it gives is independent of the cost of capital
and it is claimed this has the advantage that the investment analysis
can be delegated to lower management without the necessity of the
latter being involved in the derivation of thevfirm's cost of
capital. Moreover the IRR is alleged to avoid the need to be

(9)

specific about the cost of capital the derivation of which is a
difficult process. Those who prefer the NPV method argue that the
method measures the monetary contribution which a project makes %o
rthe value of the firm, and is therefore more meaningful than a
ratio of profitability. They argve also that there is no real
advantage in ranking projects independently of the cost of capital
since the relative deéirability of a project frequently depends on
the cost of capital. The NPV has also fewer problems of
implementation than the IRR, On the other hand it is an important
feature of the controversy that however stréngly a particular
writer might favour one of the two approaches, he invariably

acknowledges a valid role for the alternative method under certain

.conditions.

The reinvestment assumption

The most common explanation for the failure of the IRR to
rank projects consistently in accordance with the NPV method is that
the TIRR assumes that the intermediate cash flows can be reinvested

(10)

at the internal rate. This is in contrast to the assumption

inherent in the NPV method that the cash flows are reinvested at

(9) 1Ibid, page 124
(10) Weston and Brigham, page 292

14



the cost of capital. VWhen the decision-maker elects to use one
method rather than the other, it should te on the basis that the
reinvestment assumption of the chosen method is more appropriate

(1)

in the circumstances than the other. The decision is further

complicated by the fact that not all writers agree about the
validity of this reinvestment hypothesis.. Merrett and Sykes,(12)
for example, hold that the IRR carries no assumption about
reinvestment any more than the rate of overdraft interest carries
an assumption about a bénk's reinvestment opportunities. More

(13) (14)

recently, Dudley and Mao have argued that the relevant
reinvesitneat rate is not the IRR but the Fisher rate, and that

one project's superiority over another depends on whether the
intermediate cash flows are reinvested at a rate above or beloﬁ

the Fisher intersection. In chapter 2 it will be argued that this
reinvestment controversy is in fact quite misplaced because for the

normal selection process the attractiveness of a project is independent

of the reinvestment opportunities for its intermediate cash flows,.

Multiple vields etc.

... Not every investment has a unique internai rate of retﬁrn,
and this fact is used frequently by those seeking to discredit the
IRR. Teichroew, Robichek and Mon;albano(15) have distinguished
between simple investments whose net cash outlays are restricted

to the initialAperiod, and nonsimple investments which involve

5113 Van Horne, page 81

12) Merrett and Sykes Capital Budgeting and Company Finance
(13) Dudley, op.cit., page 913

14} Mao, op.cit., page 2%4

15) Teichroew, Robichek and Montalbano, page 395 - 403

15



cash outlays in years subsequent to years of net cash inflows.
Simple investments always have a unique internal rate of return,
but nonsimple investments may not have a rate of return ;éigzgg;
to the project, that is a rate which is indevendent of the cost
of capita}. For this purpose a further classification of

(16)

nonsimple investments can be made into pure and nixed
investments, a classification which Mao holds is *critical for
understending the meaning of the IRR."™ A pure investment is one
in which the outstanding capital invested at any point bfbtime
computed at the project's IRR is either zero or negative. A

mixed investment is one which at a certain stage overdraws on its

return and is a *liability' to the project.

Only in the case of a pure investment is the IRR independent
of the cost of capital to the firm. A mixed investment is partly
an investment and partly an overdraft or source of finance, and

the return therefore varies with the cost of capital.

An example of a mixed investment which technically has a
unigque IRR, but which requires a different interpretation from the
“‘conventional sense of fhe férmhis cited by Mao,(17) as follows
Year o - - 1 : 2
Cash flow -£10 +£40 ~-£40

The solution to the equation

' &0 . &40 = Q
R R (1 + r)2

is r = 100%. - It is clear, however, that if the cost of capital
is 0, the project has a negative net present value of -£10, and

likewise if the cost of capital is O©. The project, in fact,

§163 Mao, op.cit., page 199
17 Mao, ibid, page 201
16



will not have a positive value for any value of k and the IRR is

~the maximum value of the NPV funclion as depicted in figure 1.

NPV

£10 FIGURE 1

The best known characteristic of mixed investments, however,

is they are capable of producing multiple yields. The rate of

return r, it will be recalled is a solution to the equation

ao + 8.1 ~+ a2 + se 000 an = O (3)

(1 A)° (1) (1 )P (1 + 2)*
where aﬁ ie the cash flow in year ., If we multiply through (3)

by ¢, where q = (1 + r), we obtain

n (n-1) (n - 2) -
a.d + a,4 + a4 + avee a, = 0 (4)

Bquation (4) is a polynonial equation of degree n and the IRR is
. found from the roqts'ofithis polynomial when the NPV = O,  According

(18)

to Descartes' Theorem there are as many positive real roots as
there are changes in sign of the coefficients, or less by an even
number. If there are two changes of sign there may be, though not

necessarily, multiple roots.

The possibility of obtaining more than one rate of return

has been the source of much confusion in the capital budgeting

(19)

literature, it led Weston and Brigham to conclude that in

(18; e.g. see Haley and Schall, page 69
(19 Weston and Brigham, 3rd edition page 206
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order to interprét the two rates of return, "the rates are simply
exanined, one is judged to be ‘unreasonable! and the other is
selected as being the appropriate one. "Unreasonable! means that
the cash flows from the project cannot be reinvested at so high

(20) that “neither

a rate." Yan Horne on the other hand concludes
rate is correct,; because neither is a measure of investment worth."
Others(21) have even suggested that the.IRR method is invalidated

by the possibility of multiple rates, since clearly no project can

have two or more rates of return.

Pinally, it is possible that a perfectly respectable and
clearly desirable cash flow pattern has no internal rate of return

such as

Year 0 1 2
Cash flows +£1,000 -£3,000 £2,500

The graph of the NPV function has the shape depicted in figure 2.
NPV

£1,000 /’—~—
500 b

FIGURE 2 7

Attempts to vindicate the IRR

Those writers who take the view that the advantages of using
a profitability ratio rather than an absolute measure of investment
worth are such as to‘make the IRR fundamentally superior to the

NPV method or at least a desirable supplement to it, have frequently

(20 Van Horne, page 95
(21 e.g. see Halford, page 269 - 270
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gone to great lengths to deal with the problems which it presents.
These salvage atfempts have taken the form of attempting to

identify the circumstances where the IRR is either inappropriate

or should be used with some degree of caution, and of proposing

some modifications for those conditions where it fails to give a
correct or unambiguous solution. Thug the IRR is alleged to be
capable of being used to compare two or more projects with a
reasonable degree of confidence, provided (a) the cash flow patterns
of the individual projects are of the pure investment type (v) the

(22) (e)

projects have equal outlays he projects have equal

(23)

and (d) the projects have not dissimilar cash flow
(24)

lives
patterns. YWhen any one of these conditions is absent, it is
ﬁecessary either to abaﬁdon the IRR or to modify it. Some‘ of the
modifications or techniques which have been proposed include fhev

Extended Yield, the Incremental Yield, and Fisher's Intersection.

These will now be examined briefly.

The Extended Yield

(22) Bierman and Smidt, page 42
2%) Weston and Brigham 5th edition, page 272
24) Ibid, page 272
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The Extended Yield

(25)

The extended yield has been proposed by Merrett and Sykes
and others to provide a solution for prbjeqts whose cash flow
pattern corresponds to the 'mixed investment' category. The
method consists of finding

"the point from which the future cash flows (discounted

at the yield rate) are negative. These cash flows are

then all discounted at the normal cost of capital to

bring them back in time to the peint at which they are
largely absorbed by the preceding positive cash flows.

A revised yie%§6§s then performed on the casn flows modified
in this wey." ‘

The technique is demonstrated in an example:

Years 0 1 ~ 7 8 9 10 Yield
Cash flows ~£4,277 £1,000 £1,000 £1,000 -£2,000 15%
Adjusted

cash flows ~£4,277 £1,000 £188 0 0 14 6%

For the adjusted cash flows in line 2 above, a cost of capital
of 7% is assumed at which rate the 'liability' of £2,000 is discounted
to year 9, giving again a negative value Qf ~-£8369, and this sum in
turn is further discounted to year 8, providing a positive cash flowv
for that year of £188.
.“vMéréét% éﬁd Sykes defineithe exfended yield as the yield of
"a project "based on the period over-which the project is an asset
and after making provision for meeting the future lisbilities associated

with the project."

The rationale of the method is that in order to be able to meet

the outflow of £2,000 in year 10, a 'sinking fund' is established in

525) The Finance and Analysis of Capital Projects, pages 135 - 139
26) Ibid, page 135 -
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year 8 of £812 and in year 9 of £1,000, which wil) amount to £2,000
in year 10 if invested at the cost of capital 7%. Merrett and
Sykes reject the apparent IKR of 15%, because it is based on the
assumption that the sinking fund earned 15% which is unrealistically
high in relation to the cost éf capital. They conclude that it is
invalid to compare the 15% to the cost of capital 7% in order to
gauge the degree of safety which the project has in relation to
variations in the cost of capital. The conventional yield must

be revised in accerdance with the above procedure to provide a more

realistic comparison.

The extended yield corresponds to the RIC (return on invested

(27)

and the PIR (project investment return)
(28)

capital) described by Mao
of Teichroew, Robichek and Montalbano. It is, of course, not
a rate of return 'internal' to the project, because its magnitude

depends on the external cost of capital.

The Incremental Yield

One suggested solution to the situation where the IRR fails
to glve a correct ranking of competlng progects is the incremental

ia1d ae “(29)

yleld approach. “All prOJec ware ranked according to the size
of their initiai investment starting with the smalilest. The first
project is chosen as the defender and the next alternative becomes
the challenger. The cash flows of the second are deducted from
those of the first, aﬁd the rate of return on the difference in

the cash flow and outlay streams is computed. If the resulting

incremental yield exceeds the required rate of return, then the

(27) op.cit. pages 201 - 211
(28) Teichroew, Robichek and Montalbano
(29) e.g. Bierman and Smidt, page 43
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challenger 1s preferred and itself becomes the defender to a new
challenger, the third alternative. This procedure is continued

down the list of potential projects until'the victor is found.

Pisher's rate

The incremental yield is of course equal to the rate which
has already been identified as PFisher's intersaction. It is
the crossover point at which one project;s NPV goes from a position
of being greater than to being smaller than that of another.
Mao(3o) and Dudley(31) argue that Fisher's intersection indicatés
the minimum reinvestment rate which must be assumed if project A's

NPV is to exceedlﬁgft of project B in figure 3.

A
B

—'[g)/o I'A I‘B k
FIGURE 3
If project A's intermediate cash flows can be reinvested at a rate

higher than 10%, then project A will be superior to B, and the
ranking given by the IRR will be correct and accord with that
.given by their NPVs. Mao concludes(32} that this finding conflicts
with the conventional claim that the IRR assﬁmes that the
reinvestment rate is equal to the IRR. The relevant assumption
is that the reinvestment funds can be reinvested at a return higher
than Fisheris return over cost,.

However this approach has its limitations. When two projects
are so compared, they do not necessarily have any intersection,

whilst others may have multiple intersections.

Dudlas, op.cit., page 913

gzoi Mao, op.cit., page 234
Mao, op.cit., page 2%4

(32
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Mao delineates the conditions for the existence and uniqueness of the
Fisher rate for pairs of investments:

There will be no Fisher intersection in the interval (O,rm)
where rm = the smaller of the two rates of return, if

(1) a) A's NPV B's NPV at zero discount rate, and
b) A's NPV decreases at a greater rate than B's, in

. response to a given increase in k

¢c) A's IRR » B's IRR.

(2) a) A's WPV ) B's NPV at zero discount rate, and

b) - A's NPV decreases at a lesser rate than B's in responsce

to a given inecrease in k.

There will be a unigue intérsection between the two NPV functions
where:
a) A's NPV > B's NPV at zero discount rate, and

b) A's IRR {B's IRR

c) A's NPV decreases at a greater rate than B's in response to

a given increase in k.

There may be multiple intersections if the HPV functions of the two
érojects do not satisfy the above conditions, in which case the
difficulties of making generalisations about the Fisher's intersection
are such as to cause Mao to recommend for ranking purposes "the use

2 (33)

of the NPV criterion or the method of mathematical programming.

Thus the IRR presents a number of problems which make it far

from being a simple decision tool, and bearing in mind that one of

(33) 1Ibid, page 240
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its alleged advantages is its understandibility to businessmen, the
desirability of msking the above refinements must give rise to some
doubts by even the most ardent disciplé of(the yield approach.
Moreover, the fact that the incremental yield gives rise to cash flow
patterns that frequently produce the multiple yield problem which

has so often been used to undermine the reputation of the discounting
technique must also give cause for concern. The question has to be
examined, therefore, not simply whether the claim that the IRR is
readily understood by businessmen is illusory, but whether, in fact
the method can make any valid contribution to the investment selection
process which cannot be more simply and more effectively achieved by

the NPV method alone.

Certainly one of the greatesf obstacles to the acceptance of the
NPV approach is the argument that it requires a precise deriﬁation of
the cost of capital. This, of course is a spurious argument, because
it misleadingly implies that the IRR can validly rank without reference
to the cost of capital, which in the next chapter will be shown to be
false, On the‘other hand, the problem of computing the cost of
nggpitaliis a real‘qne,,and whilst the literature has made significant
advances in recent years in identifying the issues involved, littie
progress has been made in developingian operational measure of the
cost of capital. Irwin Friend of the University of Pennsylvania, in
his Presidential Addréss to the American Finance Association, 1972,
- remarked on the 'deplorable state of the arts in corporation finance'
and added(34)
| "The measurement of even the average cost of capital to say
nothing of the marginal cost of capital has not advanced greatly in
recent years. One of the most substantial difficulties here is the
absence of a satisfactory measure of the required rate of return on
the market portfolio, or equivalently a measure of the risk

differential between the risk-free rate and the average required
return on common stocks." ’ :

(34) Irvin Friend, page 270
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THE DISCOUNT RATE

The hurdle rate which is most widely édvocated for measuring
investment profitability is the firm's cost of capital, or
equivalently the return required by its suppliers of capital.
Under conditions of certainty and with perfect capital markets,
differences between firm's methods of raising finance would have
no significance with respect tc cost, and all firms and all
projects would have the same hurdle rate, namely the prevailing

rate of interest.

In the absence of certainty, the expected cash flows
from both a company and its projects are not known with complete
assurance, and must therefore be derived by computing the mean of
the probability distribution of cash flows. Depending on the
degree ofrvariability about the mean, that is to say, the
variability which invesfors are unable to diversify avay in their

(35)

“personal portfolios, investors'are assumed to require some
compensation. The greatér the variability, the greater the
compensation.

This compensation for risk canube'incorporated into the
analysis by adopting one of two approaches, The first, the
certainty-equivalent method consists of adjusting the numerator of

the present value equation by a factor which reduces the cash

flows to their certainty equivalent values.

(35) e.g. See Sharpe, page 425
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The equation for tthnet present value formula becomes, then

ol At
NPV = — -
(1 + 1)t

«Q

t =1
where i is the riskless rate of interest.

The alterﬁative method, known as the risk-adjusted discount
rate approach, consists of adjusting the denominator of the
. present value.equation to incorporate a discount rate which
includes a premium representing investors' compensation for rislk.
This latter approach is the most widely used model in theory and

(36) (37)

~in practice although it has been shown o suffer from the
serious deficiency of assuming that risk is a function of time
by treating the futurity of the cash flows and their variability

in the one process.

Given that the purpose of this section is to examine the
problems which practitioners face when trying to measure the
compensation for risk necessary to satisfy the suppiiers of
capital, this deficiency of'RADR nust be borne in mind. On
the other hand, most of the difficulties which do exist apply
whichever method is adopted, and the subsequent analysis will
proceed by focusing on the specific problems of RADR in view of

the fact that it appears to have a greater intuitive appeal than

the other, and is the one which nost text-books favour.

The most frequently recommended technique for estimatingv

the appropriate discount rate is by measuring the firm's weighted

(38)

average cost of capital (WACC). Most writers take the view

37 Robichek and lyers, pp 79 - 93
38 e.g. Weston and Brigham, page 595
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that it is fallacious to argue that the appropriate cost of capital
is the explicit cost of the specific funds used to finance the
‘project, since this would imply that a prcject financed by 'cheap'
debt required a lower acceptance criterion than an identical project
financed by equit&. Whatevervparticular financial instruments are
issued to finance an investment, it is the ﬁeighted average or
composite cost which is the relevant discount rate.

There are three steps required to compute this composite rate:
(a) Identification of the components of the capital structure
(b) Measurement of the costs of the individual components

(¢) Combination of the costs to produce the WACC.

Tdentifyinge the components

This might appear to be a straightforward process, but in fact
there are a number of unresplved issues. Only three categories
of funds are usually identified, Debt, BEquity, and Preference Shares,
but there is lack of agreement as to what_ié included in debt.

Merrett and Sykes,(39)

Mao (40)

for example, include short-term sources .of
capital. recommends that only interest-bearing debt
~:ghould be inclﬁded,'and that noninterest-bearing debt should be
deducted from the gross value of the investmenﬁ. Others

recommend that only long-term sources should be considered.

Not every source of capital is explicitly represented in the
capital structure of the firm's balance sheet. Leasing, for
example, can be a significant source of funds and should be logically
included as a component of the WACC, yet it does not normally

appear as a source of capital in the firm's balance sheet.

(39; The Finance and Analysis of Capital Projects, page 95
(40 op.cit., page 378 :
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Likewise depreciation-~generated funds may provide a material
proportion of the firm's annual budget,. but it remains a matier
of controversy whether such funds should bs perceived as an

(41)

ingredient of the capital structure. Merrett and Sykes argue

(42) take the view that

that they should be included whilst others
since the alternative to reinvestment is tﬂ redistribute the deprec~
iation-generated funds to shareholders and debtholders in the
proportions in which they have financed the firm's assets, the
effective cost of the funds is substantially equal to the average
cost of capital, and therefore their inclusion in the cost of
capital calculation is superfluous, This latter argument, however,

presupposes that the cost of capital is unaffected by the size of

the capital budget.

Measuring the individuval costs

Having identified the relevant components of the capital
structure, the next operation is to assign costs to the individual
itenms. The cost of equity is undoubtedly the most difficult of
these to measure,

“Dhe' cost of equity

The conventional assumption is that all investors are averse
to risk and seek to be rewarded in the form of higher ex ante
returns. There are broadly two approaches to estimating the
return required by investors for a specific company's shares.

The first is to try to solve the équation for the well known

dividend valuation model

Wi o

k =

where g is the expected rate of growth in earnings, and dividends,
D the current dividend, and P the market price of the shares.
§41) The Finance and Analysis of Capital Projects, page 114

42) e.g. Van Horne, page 117
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The price of the firm's shares is observable in the market, as is
the current dividend, and the solution therefore is a matter of
estimating g. This approach is frequently. recommended in the

(43)

investment manuals but it suffers from certain defecis:

(1) It ig oversimplistic in that it assumes that the company will
grow at a fixed rate forever. Certainly for unseasoned
companies, it may bhe unreasonable to assune a constant growth
rate, and the above equation would need %o be modified to
accommodate a varied growth pattern. A complete and highly

complex model has been proposed by Mao.(44) |

(2) In order to estimate g for the 'normal' company in ‘normal’

times, a number of texts recommend simply extrapolating past
growth rates into the future. Hovever, apart from the obvious
difficulty of defining and identifying normal times, it will

be demonstrated in chapter 3 that even for the normal company,
ex post returns cannot be used as & basis for estimating ex
ante required returns. For 'abnormal'! times or for ‘'abnormal'
companies, the past is clearly a defective source, and the

., Gecision-maker is advised to draw upon the security analyst to

obtain‘estimates of investors' growth expectations.(45)
The second approach to estimating the cost of equity is to

proceed in the framework of the capital asset pricing model of

(46) (47)

Sharpe and Lintner. According to this approach, the fact

243) e.g. Abdelsammad, page 110
44; Mao, op.cit., page 402

(45 Weston and Brigham, page 605
§46g ‘see Sharpe 1964

47

see Laitner 1965 .
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that the cost of equity comprises two elements, the fisk—free
rate and a premium for risk, is specifically recognised. The
risk premium is determined by reference to the firm's correlation
with the market's returns. All other fisk cén be eliminated by

diversification and is therefore irrelavant. The expected return

for a share J is derived from the following equation(48)
- . k -i
~kj = i + (m ) (rjmo/jo’m)
Otm
where 1 =  the riskless rate of interest
Eﬁ = return on the market portfolio
6. = ©standard deviation of the probability distribution
J of possible returns for security j
(5m =  standard deviation of the probability distribution
of possible returns for the market portfolio
rjm = correlation of rates of return for j and the market

k. = i+{3j(km—i)

The beta coefficient is a measure of the share's systematic or
nondiversifiable risk, and sinceﬁ(i; - i) = the risk premium for
the market as a whole, then the term (Zj(gg - i) represents the
risk premium appropriate to the share. Therefore, in order to
heasure the risk premium for a particular company's shares it is
necessary to be able to
(1) identify the 'market portfolio'. Most empirical studies

identify the marketvas‘the-New York stock exchange or the

U.K. market, but as will be argued in chapter 4, the relevant

(48) For development of this equation see Francis and Archer,
chapter 5.
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market must be perceived in much wider terms to include the
world market of risky assets.

(2) measure the market return. Apart from the.obvious
difficulties of measuring the return for a market which
cannot be clearly defined, it will be argued that just as
the realised returns of an individual security cannot be
used to discover the ex ante required return, nor can the
realised return of the market éortfolio be used Yo discover
the market regquired return.

(3) measure the covariance of the individual security's returns

with those of the market.

Clcarly then the reputation which the cost of equity has as
being an exceptionally difficult task is well deserved. However,
contrary to common belief, other securities present theoretical

problems which are scarcely less complicated.

The cost of debt

Assigning a cost to the company's bonds is normally assumed

to be a straightforward undertaking. For a bond issued and

"™ maturing at par, the interest rate is taken to be the cost.

For a bond issued or selling above or below par, the effective

(49)

yield is the cost as measured approximately from the formula
I+ D/n

kB =

(P +MV)/2
where kB = yield to maturity

= interest income
the amount of discount

=. years to maturity

Lo = B o B |
1l

= current market price of the bonds

MV = the maturity value of the bond

(49) See Archer and D'Ambrosio, page 182
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‘Although most textbooks do not consider the cost of debt
to be anything more complicated than that implied by the above
formula, some controversy has developed about whether I and MV
are the relevant ingredients to be included. A distinction is

(50)

sometimes nade between the promised cost of debi (the
solution to kB in the above equation) and the expected cost
which, for a risky bond, must be 1ess than kB Haley and
Schall(51) for example recommend the use of the expected cost,
whilst Brennan(p 2) argues that it is the promised cost of

debt which is relevant. | This controversy will be taken up
again in chapter 6 and will be shown to have a fairly significant

bearing upon the measurement of the cost of capital.

One further issue which appears to be ignored in the
literature is whether the cost of debt can properly be
perceived as dependent on the maturity of the bond. If short
term rates happen to be low and long term rates high, is it valid
to consider a company which has financed its assets by short term
bonds to have a lower cost of capital than one which has used

long term bonds?

Other components

Apart from differences in taxation effects, preference shares
are not dissimilar to bonds and the issuves which apply to the one
apply usually to the other, except that preference shares are

normally issued in perpetuity. Hybrid varieties of preference

51 Haley and Schall, page 295

ESO§ See¢ Boness, pp 99 - 106
52 Brannan, page 27
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shares and bonds (that is, convertible securities and securities
nead 6 be consudered.

issued with warrants attached.) Convertibles, for example,

possess characteristics of both eguity and debt, and assume the

theoretical problems associated with each. In addition, the

cost, if relevant, of depreciation-generated funds, of short

term sources without explicit costs such as trade credit, and

non balance sheet items such as leasing present individual

problems.

Combining the individual costs .

Once the individual components have been identified and
their explicit costs determined, the next stage of the process

‘is to introduce some mechanism for combining the individual

(53)

costs into a composite rate. The usual recommendation
is to weight the individual costs according to the capital market
values of the component securities, Market values are preferred

because the individual costs are computed by reference to the

(54)

capital market returns expected by investors. However Lewellen

(55) suggest that

and many of the management investment manuals
" ‘book values should be used. Some argue that book values for
debt and preferred stock should be used, with market values for

(56)

equity. The arguments favouring book values tend to be
influenced by practical considerations, and the market value
approach appears to be theoretically more soundly based. With
both approaches there is lack of agreement whether the weights

should be determined by reference to the capital structure which

the firm perceives to be optimal and aspires to achieve in the

(53) See Archer and D'Ambr081o, page 197
(54) Lewellen, page 87 A
(55; e.g. Wright, page 156
See Mao, page 197
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futvre. PFinally, the literature offers little guidance to
practitioners in relation to the choice of market values to be
used in the weighting process, whether; that is, in a volatile
market the market values should be computed by reference to an
average of the preceding six months or year; or whether they
should be the most recent values available at the time of the

decision.

The wvalidity of WACC

The three steps outlined above of identifying the correct
components, measuring their costs and combining them into a
composite rate are essential to the process of determining the
firm's WACC, and it would not be surprising if practitioners
are sceptical about the reliability of the discount rate which
emerges from such an undertaking; This uncertainty is further
accentuated by the fact that although the WACC approach is
advocated in most textbooks, the usefulness of the technique
has been seriously challenged on the grounds that it depends
for its validity on a number of festrictive assumptions.

These are

(1) that the project under review does not change the firm's

(57)

risk characteristics

(2) that the project consists of a constant perpetual stream of

(58)

cash flows

(3) that the adoption of the project will not change the debt-
(59)

equity ratio

(4) that the firm's existing assets are expected to generate a

(60)

constant perpetual stream of cash

57) Haley and Schall, page 320
558; Arditti, page 1004

59 Myers, 1974, page 12

(60) Myers, ibid, page 12
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The first of these assumptions is in itself one of the most
serious limitations of the WACC concept. The underlying premise
of the risk-premium hypothesis is that each security has a risk
premium appropriate to its systematic risk. But the systematic
rigk of the firm is a function of the average risk of the assets
owned by the firm. For the WACC to be a valid discount rate
for a spacific project, it would be necessary to assume that the
project has-the same risk characteristics as the firm's average
existing assets. But this is exceedingly unlikely for most
modern companies which tend to be engaged in more than one
product or industry. A new project is nore likely to have its
own riskbcharacteristics or to have the risk characteristics of
‘one of the firm's existing projects rather than that of the average.
Hence an adjustment to the WACC may frequently be reguired to
satisfy the conditions of the risk-premiuvm framework. This
leads to the fundawental question whether it is necessary to
compute the WACC in the first place, because if an adjustment needs
to be made and the mechanism is available for determining the
appropriate adjustment, it should be possible to derive the final
vdiééoﬁ#t rate ﬁithouf uﬁaertaking the interﬁediate step.

(61)

Lindsay and Sametsz have advocated as an alternative to
WACC a marginal-sequential costing-of-funds approach, in which
the marginal cost curve is constructed by reference to individual
sources of finance, beginning with the cheapest first (debt)

followed by retained earnings and then new equity. The marginal

cost curve is then smoothed and plotted against the marginal

(61) Jindsay and Sametz 1967, page 327
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effiéiency-of—investment curve on the same graph, as in figure 4

% - Investment cvrve

ost of capital curve

£
FIGURE 4

The intersection of the two curves determines the cut~off point
for investments. The objection fto this approach is that it does
not lend itself to present value analysis, and the measure of
(62)

profitability is confined to the internal rate of retumrn.

(63)

Hore recently Stewart Myers has proposed an alternative
procedure called the Adjusted Present Value appraach which purports
.to avoid some of the problems raised by the traditional weighted
average cost approach. It consists of calculating the project's
basic contribution, by assuming that the firm is all-equity
financed, with the result that the after-tax cash flows are
discounted at the rate appropriate to a pure equity company of

the risk class. To this base value is added the present value of
‘the Qonﬁribution which the project makes to the firm's debt
capacity. finally, from the sum of these two values is deducted
the present value of transaction costs of planned equity issues
and, if relevant, other penalty costs such as bankruptecy costs

or tax penalties associated with dividend payments. In effect,

the objective of the Myers approach is to separate the wvarious

" aspects

(62) See Van Horne, 1st edition, page 134
(63) op.cite, pp 1 - 25
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of tﬁe investment decision into different segments, and tb ascertain
in present value ternms {he significance of each segment rather

than to seek to capture the interacticns of the financing and
investment decisions in a single step by attempting to construct

an all-inclusive discount rate. The Hyers' approcach

has clearly interesting possibilities. For example, in a

(64)

subsequent paper liyers and Pogue developed a linear programming

model based on the APV framework. However, MNyers admits(65) that
the extra compiications of the APV rule do not make it suitable
for decision-makers concerned with run-—of-the-mill pfojects. He
also concedes that the technique contains certain inherent

deficiencies which must be balanced against the disadvantages of

using the traditional capital budgeting rules.

Inflation

A further complication has been highlighted in recent years
namely the impact of inflation on the investment decision process,
Market rates of interest are assumed to contain an element which
1s designed to compensate invesfors for expected changes in the

yalue of money. If the view is taken that the cash flows of a

project should be expressed in a stabilised nmonetary unit(66)

then the discount rate should likewise be expressed without
an inflationary element. Thus whatever method is used to derive
the firm's cost of capital, a further adjustment would be necessary

to 'deflate' the rate to arrive at the net-of-inflation discount

(67)

rate. Most writers, however, recommend using both nominal cash

§64; May 1974
Myers, March 1974, page 22
E66§ e.g. see Bromwich, page 39
e.g. see Wilkes, pp 46 - 53
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flows and noninal discount rates, and do not advocate an adjustment

of ‘the nature describsad.

Definition of risk and risk-free

We have so far considered some of the difficulties which
confront management in deciding what discount rate to use to
evaluate prospective investments.. A number of factors have been
identified which appear to make the ‘going rate of interest!
criterion of the perfect market model unacceptable. Of these

>factors risk undoubtedly presents the greatest challenge.
Whichever approach is used to derive the appropriate discount
rate, the underlying problem springs from the assumption that the
return required from a financial security depends on the variability
of the returns from the assets which it is used to finance, and
possibly on the relationship which the financial security has fo
other securities in the capital structure. The problems of
measuring the premium for risk are so fundamental that there is
not even universél agreement about the definition of risk.
~Although the standard deviation of return is the most frequently
advocated measure, particularly because of its use in portfolio
analysis and becaﬁse of»its susceﬁ%ibility to mathematical
manipulation, other definitions have been proposed, for example

(68)

semi~variance as suggested by Markowitz on the grounds that

only below average returns are risky; semi-interquartile deviation,

because it is not affected by extreme values; Baumol's lower

(69)

"confidence limit; Sharpe's beta coefficient as an index of

systematic or nondiversifiable risk.

(68; see Markowitz, chapter 9
(69 Baumol, 1963
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Indeed there is not even agreement as to what is the appropriate
risk-free rate ofAinterest to which the risk premium is added. In
capital asset pricing theory, the risk-free rate is commonly held

(70) but it is far from

to be the short term govermuent bond rate
clear that the required equity return should be perceived as a

short term rate plus, if relevant, a premium for risk.

If ménagement does decide to undertake the recommended
procedvres for conputing the,riskéadjus%ed discount rate outlined
in this chapter, it has to be borne in mind that because fhe risk-
free rate is constantly changing, so therefore presumably is the
risk-adjusted rate. Indeed the relatiénship of the risk-premium
with the risk-free rate may reasonably be assumed to vary with the
‘level of the latter, and with changes in investors' psychology.

It is nbt unlikely that when interest rates are high the risk-
premium hés a relatively different magnitude than when interest rates
are low. It follows that the heavy dependence of the recommended
procedures‘on analysis of ex post returns is unlikely to yield

a rate which is very relevant to current needs. But even if one
can avoid the dependency on the past, the fact that the risk-free
‘;é£é.is obéerved foyéhaﬁéé ffequentiy necessitates that the risk-
adjusted rate itself be calculated frequently, however laborious
the process, if the discouht rate is to maintain its relevance.

To illustrate this point; figure 5 depicts the movement in interest
rates during the twelve months period to March 1975. A represénts

the rate of interest on three-month

(70) e.g. See Weston and Brigham, page 669
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money market deposits over the period and B the yield on undated
Government stocks. Whichever rate is considered to be the
appropriate base upon which to append a_risk—premium‘it is clear
that a significant variation in the resulting discount rate must
be assumed to take place within the twelve ﬁonth period. It
follows that the procedures which are advocated in the text books
for deriving the investment discount rate need to be undertaken
regularly for an authentic rate reflecting underlying interest

rate movements to be achieved.

Capital budeeting technigques in practice

The following conclusions appear to emerge from analysis of

-avalilable studies relating to the practice of capital budgeting

techniques
(1) A large number of firms do not use discounting techniques
in any form or use them only as secondary standards of

(71)

selection. Klanmmer, for example, found in 1970 that
of a sample of 369 fairly 1large firms with sizable and
continuing capital expenditure programmes and which
BT isidd b expected to make relatively heavy use of the
more SOPhisticated capitalﬁqugeting techniques," only
ST% used discounting as a‘primary standard of evaluation,
and more than half of these used in addition other
theoretically less satisfactory criteria such as payback.
(2) Firms which do use discounting techniques tend to use the

IRR in preference to the NPV approach(72)

271) Klammer, page %93
72) e.g. See Bower and Lessard, page 323
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(3) Few firms make use of a probabilistic framework for investment

(4)

(5)

(6)

analysis(73>

Only a swall minority of firms treat rick formally in the

(74)

evaluation process and for the few which employ a risk-

adjusted discount rate approach, the discount rate is
formulated without reference to investors' ability to

(75)

diversify through their own portfolios. Klammer found

that only 3% of firms 1ntervnewed took account of the
covariance cof projects.(76)
Few of the firms which do compute.a cost of capital update
their calculations more frequently than annually(77)
The range of overall after-tax costs of capital employed by
firms in selected induétries appears to vary significantly.
For example, in the U.S. itextile indusiry, the after-~tax

cost of capital computed by firms appeared to range between
2% and 16 during 197_0.(78>

It would seem therefore that considerable progress has still

to be made in translating the ‘'correct’ decision procedures into

terms which businessmen will accept Whllst the writer is of the

[IpGIER

oplnlon that tha practlcal and theoretlcal problems (multlple

yields, relnvestment assumption etc.).prlmarlly associated with

SN

O~ oW

i Nt Nt st oot v

Mao "“Survey", page 356

David Cooper, page 198 and Bower and Lessard
Mao, "Survey", page 352

Ibid, page 391

€.8. See Abdelsammad, page 106

Ibid, page 115
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the IRR must operate as a significant deterrent to businessmen
from wholeheartedly accepting the discounting approach, it is
ironic that the IRR is the method preferred by those who use
discounting. But this is partly due to the fact that
investmeyt manuals frequently present the IRR as the primary
method<79) possibly because the authors believe that businessmen
will be attracted by a ratio of profitability, and because they
believe the IRR relieves the decision maker of the need to make

a precise estimation of the cost of capital. Certainly the
evidence suggests that efforts to derive the appropriate cut-off
rate appear to be arbitrary and crude, and to have little relation-
ship with the theoreticians ‘'pure rate of interest plus premium

for systematic risk.' Veston and Brigham observe(eo) that the
capital asset pricing model as a framework for measuring the cost
of capital is today where the discounted cash flow budgeting
techniques were about twenty years ago. Hopefully, however, the

practice of perceiving investors' required returns in a portfolio

context will more quickly gain widespread acceptance in industry.

... As noted in the introduction, this broader perception of the

cost of capital has the potentiality of making the discount model
appear even nmore remote to the maﬁority of firms, but equally it
has the potentiality of providing the basis for a more simplified

approach.

(79) e.g. See Wright, Chapter 2
(80) Weston and Brigham, page 676
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Conclusion

In the first section of this chapter come of the issues arising
from having two distinct methods of incorforating the time value of
money into the investment decision process were examined. In the
immediatély following chapter it will be argued that the IRR is
not a valid alternative to the NPV, that it is incorrect in principle
for choosing between investments, and should be relegated to a minor
role.

In the second section, the principal factors which have been
variously held to necessitate modification of the market rate of
interest were identified. In the succeeding chapters these factors
will be separately analysed. It will be shown that some of the
factors such as dividend policy can in fact be validly assumed +to
have noraffect. Others, such as the tax deductibility of interest
payments will be shown to produce incorrect solutions if reflected
in the discount rate, as is the conventional practice, rather than
reflected directly in the cash flows. Others, yet again, such as

inflation will be shown to be more conveniently assumed to be

further adjusfment. But the one factor more than any which makes

some adjustment to the market rate of interest appear to be

necessary is risk, and the impact of risk on the investment discount

rate will therefore dccupy a major portion of the subsequent analysis.
It has become axiomatic in finance that projects have different

risk characteristics and that this fact has a direct bearing on the

returns required by investors. This belief rests on one of two

assumptions, that the amount of a project's risk which investors
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cannot diversify away in their personal portfolios is significant
or that investors care sufficiently about differential risks to

the extent that 1 ey would refuse to prDV16e capital to finance

an investment which had only a moderately higher degree of

relevant risk than alternative investments with comparable expectéd
returns..

These assunptions will be closely examined in the succeeding
chapters. It will not be argued thét all risk can in fact be
diversified away, or that investors are totally risk—indiffeient,
but rather that with improved market facilities for diversification
there is reason to doubt that the amount of relevant risk which
cannot be diversified away is Significant and that investors'v
aversion to riskvis‘sufficiently pronounced to necessitate the
kind of refinements to the market rate of interest contemplated
by theoriticians. HModification of the pure rate of interest is
not a step which can be taken 'moderatelj' or ‘partially’. It is
one which involves forfeiting absolutely the objectivity of an
observable market rate of interest, and can only be desirable
if it can be clearly demonstrated that the quality of the
“fééngigg 1nvestment de01s1on is 11kely to be higher than could
be achieved if the rate were left -in.its pure form. Before
advocating departure frém the pure market rate, therefore, it
is essential that the evidence for the existence of a market
premium»for risk is persuasive, that the size of the risk premium
is material to the efficiency of the selection procedure and that
the operational disadvantages of having to undertake.the
exceptionally difficult task of measuring the premium appropriate

to a specific project are outweighed by the benefits.
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Chapter Two
THE INTERNAL RATE OF RLTURN

Kuch of the criticism that has been made against the Internal
Rate of Return hasg taken the form of identifying the situations in
which that ratio fails to give s correct solution to the optimal
selection of investment proposalsy or fails altogether to give a
single unambiguous solution. Having identified such situations,
most text~books nonetheless concede that, subject to these
texceptional' cases, the IRR is a useful measvre of investment
worth, and although inferior to the NPV method, has the merit of
being more easily understood hy businessmen, who, it is alleged,
think in terns of 'profitability' rather than of ‘'contridbutions
to wealtbh'. The IRR is represented by its adherents as a wvalid
measure of project worth, to be treated with caution in well-
defined circumstances, and by its critics as a defective measure
of project worth, but nonetheless a useful guideline in well-

defined circumstances.

This chapter seeks to demonstrate that the arguments which
are commonly advanced Lo explain the inadequacy of the IBR are
partly misconceived and, to the extent that they fail to attack
the fundsmental coﬁcept of an internal rate of return, they are
_misdirected, and likely to harden the resistance of thebbusiness
community to the discounted cash flow a@proaoh. That resistance
will not successfully be broken down as long as theorists propose,
under the present value umbrella, fwo conflicting methods of
investment appraisal, one (IPV) because it is theoretically in
accordance with the assumed objective of vwealth maximisation and the
other (IRR) because it is in accordance with the way in which

businessmen are alleged to think. It is paradoxical that the IRR

should be offered as the more appealing of the two approaches,
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when in fact, most of the controversial conceptual issues concern

it rather than the NPV method.

The circumstances in which the two ‘cchniques are likely to

produce conflict are generally identificd as when
(a) the cash flow of one project increaseg over time and that of

the other decreases .
1

(b) the projects have different lives

(c) the projects have different outlays,

The common explanation for the differences in ranking is
. . 1 .

summarised by Weston and Brlgham,( ) one of the most widely used
text beoks in finance:
"The net present value method discounts all proceeds st the firmfs
cost of capitasl, thus implicitly assuvming that these proceeds caon
be reinvested at this rate. The internal rate of return method on
the other hand, implicitly assumes that cash flows can be reinvested
at the IRR. The correct choice of methods for the tfirm to use thus
depends upon which reinvestuwent rate is closest to the rate that
the firm will be able to earn on the cash flows gencrated by its
projects™.

It will be argued, in this chapter that
(1) the reinvestment opportunities for intermediate and terminal

cash flows ave irrelevant under conditions of nonraticning, and
(2) the internal-~rate~of-return is invalid not because of any

implicit reinvestment assumption but because ii is irrelevant

to the objective of maximising the firm's wealth.

Investment decisions are taken in any of three conditions
relating to the supply of capital.

(a) Nonrationing and nonsurplus of capital, where the firm's potential
supply of capital exceeds the amount needed to finance investment
opportunities.

(v) Rationing of capital, where the investment cpportunities

available exceed the supply of capital needed to finance them.

(1) Weston and Brigham, 4th edition, page 151.
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(¢c) Capital surplus, where the firm has more cash than is needed
to finance investment opportunities snd is precluded from

paying baclc the capital at will.

The significance of the reinvestment opportunities associated with
a project's intermediate and terminal cash flows, and the relevance
of the internal-rate-of-return under each of the above conditions

1]

will be considered in turn,

HONRATIONING

Uhder nonrationing conditions, firms are assumed to undertakeu
all projects whose prospective returns exceed the cost of raising
funds, all projects, that is; which are not mutually excliusive with
alternative opportunities. As a signal of acceptability, the IRR
always accords with the NPV method, although it will be argued
subsequently that as a measure of desirability in the accept-reject
decision, it is migleading. For the time being, we are concerned

with its function when choosing among conflicting proposals.

It has been noted that, for projects with broadly similar cash
flow patterns; econcmic lives and initial outlaye, no conflict
between the two methods is likely to present itself. The fact that
conflict does srise, however, requires explanation, because on the
explanation depends one's view whether the two methods are truly
alternative approaches, or whether one of the methods, perhaps, is

fundamentally at odds with the assumed objectives.

Differing cash flow patterns

In Table I two conflicting projects, A and B are ranked differently
by the IRR and the NPV methods. The conventional solution is to make
a Jjudgement about which, if any, of the two reinvestument assumptions

is most realistic and to choose accordingly.
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Table T 4

Period Froject A Projsct B Project €

0 7600 3600 gL

1 - +100 -100

2 +144 + %0 +124
IRR : 20% 24% 245%
NPV at 10% 19- 16

The implication is that if it could be known with certainty that
the £100 arising»in year 1 could be reinvested in a third, independent,
project, G, available at the end of year 1, with a return equal to
Bts internal-rate~of-return (24%), B would have a terminal value of
£154 and therefore, be Jjudged superior to project A wvhose terminal

value is £144.

Before examining this argument it is essential to bear in mind
a distinction between
(a) Reinvestment opportunities which are physically, logically
or sequentially dependent upon a project, whatever the souvce
of capital used to finance these opportunities.
(b) Reinvestment opportunities financed 5y the cash flows arising

from a project.

Every investment appraisal must take account of the first
category of investments, namely those which are contingent upon or
excluded by it. To undertake an investment involves committing the
firm to a certain course of action and the consequence of pursuing
that course must be evaluated when assessing the project. DNow,
since, by definition, € does not fall into that category of dependent
investments the fact that it happens to be firanced by the £100
arising from project B does not represent grounds for associating
it exclusively with project B. Project C can also be undertaken in

conjunction with project A and financed by new capital at the cost of 10%.
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The terminal value would then be £158:
Terminal value of A £144
Terminal value of C 124
£268
Less Loan and interest on C 110
. ' £158

et
pre———

Other things being equal, then, project A is always superior
to project B, no matter how profitably B's cash flow may be
reinvested, providéd the reinvestment projects are independent. The
destiny of the cash flows as such is never relevant, If there are
dependent projects; they are relevant because they are dependent
and not because they happen to be financed by particular cash flows,
If, instead, project C had been dependent on project A, the assessment

of A would have to include an evaluétion of project C, notwithstanding

the absence of cash flows in period 1.

Unegusl lives

The comparison of projects with unequal lives is frequently
specified as & special case reguiring particular assumptions about
the profitability of projects available to succeed the shorter of
the projects. In fact the presencehof unequal lives does not create
a circumstance which‘calls for treatment different from comparison
of projects with equal lives. The reinvestment opportunities for
the terminal cash flow of the shorter project are no more relevant
to the selection than are the opportunities for the intervening
cash flows of either. The only significance of one life being
shorter than the other is that the termination of the shorter
project might make it possible to undertake a third project that
had been excluded by it.

But as previously noted, the assessment

of any project must take account of all other projects contingent
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upon or excluded by it.

Zable 2
Tine Project D Project I Project T
0 mj&oo éoo Zﬁoo
1 121 - -
2 - 144 -
. ) | o o
NPV at 10% 10 19 27
TRR 219 200% 19%

Thus, the problem of ranking Projects D, E, and F in Table 2,
is fundamentally no different from that of ranking Projects A and
B in Table 1. Ignoring the guestion of risk, Project F is preferred
because it contributes most to the firm's value. There is no need
to consider the destiny of the £121 in year {1 of Project D, or the
£144 in year 2 of Project B, because, even if these sums could be
used to finance additional projects rather than be applied to the
repayment of the ‘'original loan', such additional projects might
equally be financed by new capital raised for that purpose, if

Project I were undertaken.

The cessation of Project D might make it possible to undertake
at the end of year 1, a further Project G, which was precluded by
the adoption of D, E or F, and, therefore, the benefit of being
able to undertake Project G a year or two eérlier than otherwise
possible would have 1o be evaluated in assessing Project D. But it
is not the receipt of the terminal cash flow that makes Project G
possible or relevant, but the fact of Project D ceasing to be an
obstacle. To emphasise the point even further, if Project E
terminated (physically) in period 1, but the terminal cash flow was
not receivable untii period 2, Project G could be undertaken, and

this would negative the relative advantage of Project D in relation
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to B, in which case the terminal cash flows would be seen to be

irrelevant,

Therefore, in the absence of mutually exclusive or dependent
projects, the order of preference is FED irrespective of how

profitably the fterminal flows of D and B can be reinvested.

If the reinvestment opportunities for intermediate and terminal
cash flows are irrelevant %o the choice between two or more competing
projects the question remains why it is that a project can have a -

thigher return' than another but have a lower NPV.

The explanation is that one project may have a higher rate of
profit per unit of capital invested than another but, if it has
fewer units of oapitallinvested in it, it may make a smaller
contribution to the wealth of the firm. The objective‘is to
maximise the firm's wealth rather than the rate of profitability
per unit of capital invested since the latter goal could be achieved
by rejecting all but the most highly profitable projects. If two
projects, then, have different amounts of capital invested they
cénnot validly be differentiated by their respective rates of
return per unit of capital any more than a choice between two
products can validly be made on the basis of the rate of profit

per unit sold without reference to the number of units involved.

Unequal Qutlays

This fact is universally recognised when projects with different
initial cutlays are compared, Even its most ardent supporters admit
that the IRR is invalid for the purposes of discriminating between
projects vhoase cutlays differ, because different outlays imply
projects of different sizes and the contribution a project makes is
a function of both rate of return and size. It is self-evident that

a project costing £1 with an IRR of 100% is not thereby more desirable
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than a project costing £100 with an TRR of 20% if the cost of
capital is 10%. But that is because the differences in scale of
the two projects are immedistely apparent by virtue of the different

outlays.

However, the size of a project is not determined by its initial
outlay alone. For projects with different outlays the difference in
size ig established at the outset and increased or decressed by the
subsequent pattern of cash flows, For projects with identical
outlays, the difference in size is determined by the pattern of

subsequent cash flows only but is no less significant for that fact.

Project A and B in Table I appear to be projects of equal length
because their terminal flow happen to coincide, But Project A's
outlay has 'earned' its 20% over two years, and project B, for the
most part, its return of 24% only over one year. Likewise, the
projects appear to have the same capital outlays, but the emphasis
- on the initial year is misleading since the significant fact is

that B has a smaller average capital invested over the two years.

The practice of categorising projects into those of unequal
lives or initial outlays is invalid because it is based on the
misconception that it is otherwise possible to identify projects
as having the same size., In fact no two projects have the same size
unless they have ildentical cash flows, and it follows that a rate of

return per unit of capital invested can never in principle be used

as a criterion for choosing between projects.

To desl with this problem of different initial outlays Merrett

(2)

and Sykes recommended the incremental yield approach to be used,

which "sinply consists of subtracting the net cash flows of the

(2) Merrett and Sykes, 197%, page 127.
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cheaper alternative from those of the dearer, %o establish the
increméntal cash flows which result from accepting the alternative
involving the higher initial capital outlgys.“ In effect, this
exercise seeks to convert a ranking problem into an accept-or-
reject decision. Merrett limits this technique to comparison of
projects with different initial outlays but Bierman and Smidt
suggest the technigue could be applied to comparison of any two
projects whether of equal outlays or unequal lives. -For example,
by subtracting the flows of Froject B in Table I from those of
Project A an ‘'incremental yield' can be calculated, namely 14%

on the additional capital inveated over period 2 of Project A.
However, they do not make clear how the decision-maker should assess
the significance at the present time of an ‘investment with an IRR

of 14%' which does not commence until a future date.

Moreover, only trial and error can determine which project
should be deducted from the other, and when there are a number of
projects to choose from, the procedure could be unnecessarily
complicated. In addition, the net flows would frequently be of a
pattern that would give multiple yields. Since the NPV method
provides an immediate solution, this complicated refinement is
unnecessary. Finally, the technique assumes that it is desirable
to use the IRR for an accept-or-reject decision, and this assumption

will be questioned in a later section.

The conclusion that the NPV is the only correct criterion
under nonrationing conditions is, of course conéistent with the
findings of a number of writers. But the reasons which have been
proposed are different from those usually given, being totally
independent of the reinvestment rate assumed to be appropriate

for the intermediate cash flows. As a consequence, a source of
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confusion associated with the conventional approach is eliminated,
For example, Duvdley, (§> who argues that neither the IRR nor the NPV
techniques make any implicit assumption about the reinvestment
opportunities for intemuediate cash flows but that the assumption

in dwmplicit in the decision to use one or other of the two techniques

and not to meke any estimate of the possible return on reinvestment

Y

1
lows, concludes "if financial capital is freely

=

of interwedisle cash
svailable at any point in time, the reinvestment rate should be the
norsinal cost of these slternative funds, i.e. the firm's cost of
~ecapital. In such a case, the present value criterion is to be
preferred. Now, if, as has been already demonstrated, the
reinvestment opportunities for the cash flows are irrelevant, it is
nisleading to base the support for the NPV criterion on the assumption
that the cash flows are reinvested at the marginal cost of capital.
Thus, if a practitioner believed that a particular intermediate cash
flow from a project would in fact be reinvested at 20%, even although
the cost of capital is 10%, he could be excused for being confused
about whether the 1Q% or the 20% was the relevant rate. On the other
hand, if he perceived the essential defectiveness of the IRR technigue
as having nothing to do with the reinvestment of the intermediate

cash flows, then no such confusion need arise.

CAPITAL RATIONTING

It is, more than anything, the need to provide a guide for
firms operating under capital rationing conditions which has been
used to lend credence to the rate of return criterion. When cash
is scarce, the rate of return per unit of capital invested might
appear to be a significant factor in the selection procedure, In

addition, the opportunities for reinvestment of a project's intermediate

(3) Dudley, page 914.
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cash flows become relevant when other sources of capital are
restricted, Nonetheless it will be argued that the IRR remains
fundamentally incorrect in principle, and only the NPV approach

is valid.

It is not a matter of importance to the discussion whether
capital rationing is a common condition experienced by companies.

T

As individual savers, we are all shbject to capital‘raﬁioninggvand
take it for granted, but it is far from clear that a similar
condition is experienced by firms in their transformation of

savings into productive resources. Apart from the apparent
ifrationality of failing to raise capital, however costly, wvhen

the rate of return from its use is expected to be greater than the
cost, it is doubtful, from everyday observations, whether the average
company has a superfluity of profitable projects which outweigh its
capacity to finance them. However, for the purposes of discussion,‘
the fact that such a conditicn can exist will be assumed, because all

that concerns us is whether the IRR can make g valid contribution to

the selection of projects when firms are so constrained.

When operating under financial constraints, the basic objective
is no different from that which is appropriate for nonrationing
conditions, namely to select the combination of projects which, in
aggregate, effect the greatest contribution to the wealth of the
firm., The selection, however, is more complex with rationing
because, in addition to having to take account of physical interdependen-
cies amongst projects, a problem which exists whether rationing is
present or not, cash interdependency is introduced. Projects,
otherwise independent, become interrelated when the feasibility of
the one depends on the cash flows generated by the other, and the

(4)

process of choice can become exceedingly complicated.

(4) For development of this subject, see Weingartner.
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However, the fundamental objection to a rate of return measure to
discriminate between projects of different sizes (different, that
is, even with identical initial outlays) rewmaing valid. The need
to make some allowance for the reinvestment opportunities available
for intermediate cash flows calls for a modification of the
straightforward NPV approach, but in no sense does it validate the
IRR. The modification to NPV ca;"be in two forms, either by changing
the discount rate from the cost of capital té the opportunity
reinvestment rate, or by calculating the . terminal value of each
alternative programme of investment after taking into account the
cash flows generated by projects financed by each inflow of cash,
and then, if desired, discounting the fterminal value at the cost

of capital.

The first approach has serious limitations:

(a) it is only valid if the relevant rate is constant throughcut
the life of the project. The reason is that the method operates
by penalising cash flows for the lost opportunity of not being
generated in an earlier period. If the opportunity rate changed
from year to year the effect would be to penalise most sevcrely
those cash flows which would create the greater cpportunities
for the firm,

(b) it presupposes that none of the cash flows is used to pay
interest or dividends on the capitai raised to finance the

project until the project is terminated.

Whichever method is used, the conclusion ié that, under
rationing, the si