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The treatment of the reinvestment rate assumption in the literature 
is sufficiently ambiguous that many. conclude that reinvestment is 
included in the mechanics of calculating internal rate of return and 
net present value while others assume that reinvestment is only an im- 
plicit assumption necessary when two or more alternatives are com- 
pared [7). B ecause of this confusion, many students experience dif- 
ficulty in grasping the basic concepts of capital analysis. The purpose 
of this paper is to help clear up this confusion by answering the 
question: Is a reinvestment rate assumed in the mechanics of cal- 
culating the internal rate of return? 

The Problem 

To highlight the issue, consider the following investment opportunity 
in which an initial outlay of $2,880 is made at time t = 0, and cash 
inflows of $2,000 occur at the end of each of the next two years. 
($2,880) $2,000 $2,000 

t 0 Z t =l t -_2 - 
The typical form of the net present value equation is: 

NPV = 5 AJ( l+i)t 

w’here A, = the 
i = the 

the 
n = the 

t=o - 

net cash flow relating to the investment in year t; 
appropriate discount rate, usually assum to be 
“cost of capital”; and, 
total number of years for the investment project. 

f the Grternal rate of return approach is used, NPV = 0 and 

&/(l+Ifw 
where IRR = the disZmt rate which will make 
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cash infl0ws just equal the total discounted cash outflows. Applying 
the IRR equatiaa tc, the data at hand: 

2880 = POOO/(l+IRR) + ZOOO/(l+IRR)” 
2880 = 2OOO/( l-t.25) + 2OOO/( l-+.25)* 
288O = MOO + 1280 = 2880. 

The IRR is 25 pl?rcent. In this computation, the $2OOO cash flow at 
the end of year one was not reinvested at the internal rate of return 
or at any7 other rate. 

Now, assume a 25 percent reinvestment rate iar interim cas 
flow8 to compute the terminal value and then discount this value at 
the IRR back 1-0 year zero. At t = 1, reinvest $2OOO at 25 percent 
to get (21K)o) (1+.25) = $2500 at t = 2. Including the cash flow 
at t = 2 of $ZOOO, the terminal value is $4500. Discounting back to 
time zero at 25 percent, NPV = 45OO/( 1+.25)* = $2880. Using 
this approach, it is apparent that the intermediate cash flows must 
be reinvest& at the internal rate of return in order to get an unbiased 
measure Iof internal rate of return. 

The above example illustrates the confusion often confronting students 
of finance as they try to understand the reinvestment assumption. The 
basic question involved is whether the intermediate cash flows gen- 
erated by a capital asset must be reinvested to get a true measure 
oiE IRR. One popular explanation is that no explicit reinvestment 
of the cash flows is made but that an implicit assumption of a rein- 
vestment rate equal to 1R.R is inherent in the comparison of two 
ahemative projects [7]. F or example, consider projects A and B: 

Net Cash Flow 
Project t =O t- 1 t = 2 t = 3 t ,- 4 t = 5 IRR 

A (1WO) 1610 10% 

R (1OOO) MO4 127 0 

Td decide that B with a three-year life and IRR = 12 percent 
is preferred to A with a five-year life and IRR == 10 percent includes 
the implicit assumption that the $14@4 recovered in t = 3 by B will 
b? reinvested in s0me Project C at a rate sufficiently attractive that 
the combined return on B and C over five years will be greater than 
10 percent. (In t&l case the return on C must be greater than 7,l 
percent.) To use 12 perpent as the appropriate return for B is corn- 
paring it t43 4 the analyst implicitly assumes that the $14O4 ie rein- 
vested at exactly 12 percent. The proponents of this explanation sug 
gest that the reinvestment rate assumption is only a problem <*when 

or Ore nnutually excl ive emplsyments of capital are con- 
sidered. 
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Another explanation of the reinvestment assumption, which is 
mathematically *more appealing, is that the typical form of the NPV 
equation is merely a special case of a more general form which 
stipulates reinvestment [ 1). By stipulating the reinvestment of inter= 
mediate cash flows, the basic formulation of the NPV equation can 
be expressed as follows: 

NPV = [At ii v+qJ c i w-4Y)l 
-1 

c%=t+l 
- 

u=l 

where rar == reinvestment rate from time M. to cx; 
d a == discount rate from time a to a4; 
A t Z the net cash flow relating to the investment in year t; 

and, a = symbol for multiplication of terms that follow. 
For example, let n = 3. Thus, 

3 3 3 -1 
NPV = X [A, 3t (1 + %)I c n (I+a,)l 

t-o a=t+1 a=_1 

NPV =; Ao (1+-r,) (l+rz) (l+ra) [(l+dJ (W-dz) (13-d,)]-’ -I- 
A1 (l+r*) (l+rs) [(l-tal) (l+dz) (W-d~)-1 + 
A2 (l+rs) [ (l+dd(l+d2) (l+aa)3”’ + 
As [(1+&j (It-da) (1+&J]-‘. 

If we assume that r and d are constant over the life of the investment, 
i.e., I-~ = r and da = d, we have * 

NPV = i A,( l+r)*‘/( l+d)Y 
t=o 

When we also assume that r = d, we have the: familkr NPV equation: 

NPV = !k AJ(l+d)‘. 
t=o 

The standard IRR equation can b similarly derived by merely 

setting NPV equal to zero. Thus, for BRR, 0 = E At/( l-+d)! 
td 

The only difference is that in the HRR equation, d is the unknown 
r&er than NPV as in the NPV equation. By including the r&vest- 
ment assumption in the basic NPV and IRR formulations and then 
simplifying to the more typical equations, all of the necessary as- 
sumptions can be explicitly considered.? 

Both of the foregoing explanation,s recognize the inconsistency 
of the reinvestment rate assurmptions when comparing two or more 
projects using NPV or IRR. However, the second approach assumes 
that reinvestment is explicitly included in the mechanics of calculating 

md NPV while e first suggests it is only implicitly included. 
Which is the correct explanation? 
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lFibm&d Perspedave 

The origin of the phrase “internal rate of return” appears to be 
the Austrian concept “‘ursprunglicher Zins,” loosely translated as in- 
ternal rate of return, which Bohm-Bawerk, an eighteenth cenr:ury 
Austrian economist, descri as the average rate of return earned in 
the process of production the capital tied up in it. It was a static 
measure assuming a single time period and somewhat analogous to 
what we now call the accounting return on investment over a single 
time period. At a later date Wicksell also referred to the internal 
rate of return as a simple rate of interest over a single time period, 
the IS.& of which was determined by the life of the project 15, 
p. E]. 

The origin of the modem concept of internal rate of return ap- 
rs to be the writings of Irving Fisher, who defined internal rate of 

return as that rate of interest at which the present values of all future 
outlays and inflows on a project are made equal to each other [S]. 
This rate of return is obviously rrqre dynamic than the simple rate 
which was used by Bohm-Bawerk and by Wicksell. But it is not clear 
from the writings of Fisher that this was a compound rate of return. 
He certainly did not intend that the intermediate cash flows would be 
reinvested. As Hirshleifer [4] h as explained, the purpose of invest- 
ment to Fisher was to spread consumption over time so as to maximize 
the marginal utility of consumption. That is, consumption is deferred 
by the investor to a time period in which consuming would be more 
highly valued. 

Indeed, Fisher could have attained the same measurement of IRR 
if he had assumed that the intermediate cash flows are reinvested out 
to the end of the project, and then solved for the interest rate which 
would equate the compound sum to which the investment would grow 
over n years with the compound sum to which the intermediate cash 
flows would grow over n years. We conclude that Fisher selected dis- 
counting the cash flows instead of compounding them because the 
former did not require the reinvestment of cash flows. Reinvestment 
of cash flows would have defeated Fisher’s purpose of spreading 
consumption so as to increase its marginal utility to the individual. 

ctijication 
It is Gal here that the reader recognize that discounting is the 
inverse of compounding. They are not the same process. The internal 

m, if calculated by compounding out to a terminal time 
nd rate of return; if calculated by dis 
it is a- discount rate of retu 

are the inverse of each other, the same “rate’9 of return on 
capital can be calculated with either technique. However, if 
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the intermediate cash flows are reinvested, the rate of return includes 
more absolute interest recovery because the investment base is in. 
creasing over time, while under discounting the investmerlt base is 
being reduced as the cash flows occur. Under the; assumption of re- 
investment the accumulated wealth of the individual at the termma- 
tion of the project will be greater than if reinvestment does not 
take place. 

Since the compound rate of return and the discount rate of return 
do not measure the same characteristic of an investment, which is the 
characteristic which should be measured? This is the source of the 
confusion surrounding the reinvestment assumption. As Conrad 
Doenges [2] has pointed out, what the fair Imeasure of an invest- 
ment is depends upon the objectives of the investor. To Fisher, the 
objective of investment was to spread consumption and maximize 
utility. Thus to him the appropriate measure was the “discount” in- 
ternal rate of return, the mechanics of which. did not require the re- 
investment of intermediate cash flows. 

In modern capital analysis, the objective of investment is appro- 
priately viewed as maximization of the weal.th of the investor at some 
future point in time.4 Thus, modern capital theorists view an in- 
dividual project as meaning little as it stands by itself, and as re- 
quiring analysis in conjunction with the investments to which capital 
can be applied as it is recovered from the investment under study. 
The IRR measure consistent. with their objectives is the “compound” 
internal rate of return, which requires reinvestment of the intermediate 
cash flows. 

It should be noted carefully that when IRR is used in decision 
analysis, at least an implicit assumption concerning reinvestment is 
always involved. The purpose of this paper was not to disclaim a 
reinvestment assumption problem but rather to clarify the mechanics 
of calculating IRR. While the IRR, i.n and of itself, does not neces- 
sarily require reinvestment, it means very little if not compared to 
some standard. There are two general types of comparisons in which 
t le IRR of some Project A can be involved : 

1. 

2. 

As 

the IRR on Project A might be compared to an appropriate 
hurdle rate (cost of capital) and accepted or rejected based 
on this comparison; and, 
mutually exclusive projects A and F3 might be compared to 
one another on the basis of IRR. 
demonstrated earlier, when the timing of cash flows from 

two projects differ, the decision of which to select involves an implicit 
assumption concerning the rate at which the cash flows in the two 
projects will be reinvested. The cost of capital reflects the return 
which the investors could make on the capital in an alternate employ- 
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ment of similar risk characteristic. Unless we accept the extremely 
naive assumption that these alternate employments generate cash 
flows exactly of the same timing and magnitude as F’roject A, the 
problem of comparability also exists in testing Project A against 
a hurdle rate and an implicit assumption is made concerning reinvest- 
ment of the differential cash flows. Thus, the problem of the rein- 
vestment rate assumption exists any time the intemal rate of return is 
4 to judge the desirability of an investment. 

In general these same conclusions can be a plied. to the NPV 
method. Whether explicit specification of a reinvestment rate is neces- 
sary in the me&a&s of the NPV method depends upon the purposes 
of the invmtor. Of course, in comparing the NPV of al 

to some = 0 or the NPV of a mutually ex- 
clnsive alternative), the problem of inconsistency of reinvestment 
ra&s does not exist, as the assumed reinvestment rate is the cost of 
capital. While the IRR presents both consistency and accuracy prob- 
lems concerning reinvestment, the NPV method presents only the 
problem of accuracy. Of the IRR and the cost of capital, either of 
the ‘;ewe, might be more accurate depending upon the specific situation.’ 

Note carefully that the most desirable solution to the reinvest- 
ment rate problem is not in selecting either the IRR or NPV metho- 
dology, depending upon the situation. Rather, a much better solution 
is to explicitly select a consistent and accurate reinvestment rate for 
the alternatives under consideration [8, p. 771. 

Conchdon 

To summarize, whether the mechanics of calculating an NPV or IRR 
involves the explicit reinvestment of intermediate cash flows depends 
upon the #objective of the investor. 

If the objective is to defer and spread consumption, the NPV or 
IRR does not necessarily involve an explicit reinvestment rate. It 

be recognized here that if consumption occurs, it is done 
opportunity cost of reinvestment. If the objective is to maxi- 

mize investor wealth as of some terminal point in time, a reiu- 
vestment rate must be specifically included in the calculation. How- 
ever, once an IRR is calculated, it can be used at face value in deci- 
sion analysis only if there is at least an implicit assumption that the 
intermediate cash flows could have been reinvested at a rate equal to 
IRR. It is this assumption that causes the IRR measure and the alter- 
nate measure to which it is compared (the cost of capital or the IRR 
on another project) toi make inconsistent assumptions concerning the 

f the capital in question. 
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Footnates 

is 
*Michael L. Lawrence is currently on one-year leave from University of Missouri and 

Manager of Profit Planning and Analysis at Spector Industries. 

1For example, see Van Home [9, p. 633. 

2For example, see Porterfield [7, p. 371. 

aWhen computing the IRR by solving for the discount rate, d=IRR, the above equation 
shows that the reinvestment rate, r, must also equal IRR in order to use the standard 
formulation. However, when computing NPV, d (and thus r) would not equal IRR, but 
would ordlinarily be set equal to the cost of capital rate or other discount rate. This 
reinvestment rate discrepancy cam clearly lead to conflicting ranking &&ions for the 
NPV and IRR techniques. 

This inconsistency can be reconct;led by specifying a common reinvestment rate in the 
general formulation. For a more detailed discussion of this problem, see Carlson, Lawrence 
and Wort [l]. 

4For example, see Hirshleifer [sl, p. 951. 

6A number of problems in capital analysis have been ignored in our treatment. These 
include : capital rationing, investments with unconventional cash flow patterns, the 
presence (of a rapidly rising marginal cost of capital curve, and the possibility of 
multiple rates of return. The reader is referred to Mao [6] and Weston and Brigbam 
[lo] for detailed treatments of these problems. 
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