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{Abstract)

The purpose of this paper is to demonstrate that the correct assumption for reinvestment rate
where financial capital is frecly available at any point 1n time 1s not the lirm’s marginal cost
of capital but the average rate of return on new investment.

If the profit maximization firm pushes investment to the point where the marginal cost of capital
1s equal to the marginal rate of return, then the optimal capital budget will be made. Since the
rates of return (JRR & ARR) are always assumed to be negatively downward sloping and there
is also an average internal rate of return schedule on new investment, the rate of return on
reinvestment from intermediate cash flow must be equal to the average rate of rcturn on new
investment, not the marginal cost of capital.

It is also demonstrated that the internal rate of return method 1s superior to the net present
value method if the marginal cost of capital lies to the left of Fisher’s rate, while the net
present value method will give the most valid ranking of mutually exclusive proposals 1if the

average rate of return lies to the left of Fisher’s rate.
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o

It is well recognized that under certamn cir-
cumsiances the two mest commonly preferred
criteria 1n capital budgeting analysis—net pr-
esent value method (NPV) and internal rate
of return method {IRR)—can and occasionally
do give conflicting signals as to 1nvestment
chowces. From a theerct.cal vicwpomnt, use of
net present value method is considered to have
fewer ambiguities than usc of internal rate of
return method in making nvestment decisi-
ons.? But, from a practical viewpoint, internal
rate of return method has a long standing and
substantial popularity mn use.

Many articles? have anpeared noting the re-
investment assumption. The point made by
Solomon [11] 1n his original paper was that:

“The vahd comparision 1= not simply between two
projects but between two alterratives courses of act-
ton. The ultimate criterion 15 the total wealth that
the mvestor can expect from each alterratinve by the
terminal date of the longer-lived project. In order to
make a fair comparicior, an explicit and common as-
sumption must be made regarding the rate at which

funds rcleased by erther project can be remnvested up
to terminal date.”

There arc two basic condittons under which
the net present value method and internal rate
of return method may give different rankings:
(1) scale effects—the cost of one project is
larger than that of other, (2) timing effects
—the timing of cash flows {rom the two pr-
ojects differs, with one producing high cash
flows 1n later years. Althcugh scale and tim-
ing arc the basic conditions that lead to con-
{licts, the basic source of the conflicts can Le

often traced to the different implicit assump-

1) Sce Contad Doenges [4], p.85.

2) Mcnain[1], Conrad Doenges[4], Dudley [5), Hirschleifer [7], Sclomon [11]

3) Solomor [11], ©n.127,
4) Brigham (3], p. 301

5) tivirg TFrsher 6] detined the rate of return over cost or the rate of return en s
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tions about the reinvestment rate of cash flow
receipts from the alternative investments.

Dudley [5] has presented that while n.ither
the NPV nor IRR criterion makes any assump-
tion about the remnvestment of cash flows, the
selection of an optimal criterion must e ace-
ompanied by the explicit reinvestment rdate
assumption if the two criteria yvicld conflicting
rankings. And he demenstrates that 1o the
rate of return 1n rcinvestment is less than the
Fisher’s rate® the present value criterion will
lead tc the selection of that project whicn will
result in the greatest value at the terminal
date, while if reinvestment is assumed to Le
made at a rate of return higher than the Iu-
sher’s rate, the internal rate of return criter-
on will provide optimal decisions.®

To illustrate the nature of the problem, lct
us consider two mutually exclusive proposals.
In Figure 1, proposal | is preferred if we usc
the present value method, whercas propc-al I
18 preferred if we use the internal rate of re-

turn method.

NPV

i
|
¥
)
MCC I 1
Fig.1 Two Alternative Options
NCC: firm’s marginal cost of capital

F: Fisher’s ratc of returc over cost

Whenever the NPV profiles of two progcts
cross one another, a confhet will exist 1f the

cost of capital 1s below the c.vsw-over tate

1.

secrifice as the rofe o1 wiscount

that will cause the present values of two optioral income streams to be equal. This rate of di> ~unt 15 reterred

to as “the P'isher’s rate.”
6) Dudley [5], p.913.
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A Note on the Reinvestment Rate in Capital Budgeting Analysis 3

(Fisher’s rate of return on sacrifice between
these two options). Basically, the conflict has
to do with the investment of cash flows—the
NPV method implicitly assumes reinvestment
at the marginal cost of capital (MCC), while
the IRR method implicitly assumes reinvest-
ment at the internal rate of return(IRR).7
This apparent inconsistency in ranking can be
traced to the differing assumptions that the
two ranking criteria make concerning reinvest-
ment rates. If the investment projects are
mutually exclusive, a choice of the correct

ranking method must be done.

I

The key problem lies in determining the rate
of return to be used for the reinvestment of
intermediate cash flows.

Weston and Brigham[13] show that the as-
sumption of reinvestment at the cost of capital,
which 1s 1mplied in the casec of the NPV me-
thod, is the better onc and that this 1s, in
turn, at least for firms willing and able to
obtain capital at a cost reasonably close to
their current cost of capital. This mecans, in
effect, that intermcdiate cash flows are rein-
vested to vield the cost of capital.

Dudley [5] suggests that 1f financial capital
is freely available at any point in time, the
investment is always up to the point where
the marginal project yields the marginal cost
of capital and that the appropriate reinvestm-
ent rate must be the {irm’s marginal cost of
the alternative funds, i.c., the firm’s cost of
capital. In such a case, 1f the marginal cost
of capital lies to the left of Fisher’s rate, the
present value criterion 1s to be preferred.

If capital rationing 1s assumed, the choice
becomes more difficult. If the problem is res-
tricted to a single investment in the presnet

and a single future cash return, the appropr-

7) Weston & Brigham[13], p.23L.
8) Meyer([10], p.1251.

iate rate to assume for reinvestment is the
return expected on the marginal project in the
future period. This marginal rate of return
could easily vary from one cash flow period
to another and probably would do so.

If Weston and Brigham’s and Dudley’s sta-
tements are true and the marginal cost of cap-
ital lies to the left ot Fisher’s rate, then the
NPV approach will give the optimal result.

But this conclusion about the reinvestment
rate may be inconsistent with the general as-
sumptions about the firm’s 1nvestment oppor-
tunity schedule,®

il

The rates of return on new investment are
typically assumed to be negative functions of
the amount of new investment which is sloping
in all periods. The assumption is perhaps reson-
able on a continuing basis because the inves-
tment opportunity to earn marginal profit may

always exist if technology development occurs.

i
1
i
I
1* amount of

new investment

Fig.2 Optimal Capital Budget

If the firm pursues profit maximization, it
will expand to the point where the marginal of
cost capital (MCC) 1s equal to the internal rate
of return which is really a marginal rate of
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return curve as shown by IRR in Figure 2. The
optimal capital budget 1s denoted by ]*. Butif
the marginal internal rate of return curve is
negatively sloped, then there is also an average
internal rate of return schedule on new nves-
tment as denoted by ARR in Figure 2. If cash
flows from previous years’ investments are
reinvested 1n the firm, the rate of return ea-
rned on these cash {lows must be equal to the
average rate of return on new 1nvestment (i
in Figure 2) and not the marginal cost of ca-
pital (ip.

Such an observation 1s based on the behav-
1oral rules for the profit maximzation firm®:

Rule 1: A firm should not produce at all 1f
the avcrage revenue {rom 1its product does not
equal or exceed its average variable cost.

Rule 2: Assuming that it pays the firm to
produce at all. 1t will be profitable for the
{firm to expand outpul whenever marginal re-
venuc 1> greater than marginal cost; expans-
1on must thus continue until marginal revenue
equals marginal cost.

It 13 entirely possitle then that when we are
sclecting among mutually exclusive proposals
the internal rate of return method of ranking
is supenior to net present value even if the
marginal cost of capital lies to the left of Fi-
shet’s rate. Herc we assume that capital ra-
tioning docs not exist and the firm pushes 1n-
vestment up to the point where the marginal
revenuc ¢n new investment equals the marginal
cost of capital. In Figure 3, we sec that the
marginal cost of capital lies 10 the left of Fi-
sher’s rate F. But lecause the firm has a do-
wnward sloping investment opportunity curve
on new 1nvestment, the average rate of return
mm the optimal capital budget (ARR) lies to
the right of F.

NPV

IRR

amount of new
investment

Fig.3 Location of the Reinvestment Rate

In this illustration, we can see that the in-
ternal rate of return would be most appropriate
for selecting among mutually exclusive propo-
sals even though there 1s no capital rationing
and the firm invests to the point where marg-
inal revenue equals marginal cost, because the
reinvestment rate is equal to the average rate
of return on new investment,®

However, the fact that the use of the inter-
nal rate of return leads 1o the correct decision
1in a particular case or a particular class of
cases does not mean that 1t is correct in prin-
ciple. If the average rate of return lLies to the
the NPV method will

give the most appropriate ranking of mutually

left of Fisher’s rate,

exclustve proposals.

v

This discussion has been limited to a suhject
that the correct assumption for reinvestment
rates without capital rationing is not the fir-
m’s marginal cost of capital but the avcrage

of rate of return ¢n new nvestment.

9) These two rules can be restated as three necessary conditions for a firm to be maximizing 1its proiits:

(a) Priec 15 at least as great as average variable cost.
(b) Marginal revenue equals marginal cost, and

(¢) The marginal cost curve cuts the marginal revenue curve {rom below.

Lipsey [8], p.212,
10) Meyer[10], p.1253

— 278 —



A Note on the Remnvestment Rate in Capital Budgeting Analysis 5

The selection of a particular rate of return
criterion to be used, however, may imply a
weak assumption about the relative rate of
return on reinvestment if the two criteria yield
conflicting recommendations as to the optimal
choice. The consideration of uncertainty in
the analysis of a proposcd investment may be
one of the most important factors making the
reinvestment question indecisive. With capital
rationing, 1t should reflect the return that
would be lost 1f an alternative investment of
comparable risk were not taken. A more pr-
ecise determination of an optimal capital in-
vestment strategy should make specific assu-
mptions about the rate of return to be earned
on the reinvestment of cash flows., If many
alternative combinations are possible, a soph-
wsticated programming solution to the resulting
problem must be pursued to select the optimal

investment sct.
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