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Abstract

In Magni [Eur. J. Operat. Res. 137 (2002) 206] I present some inconsistencies implicit in the
net-present-value criterion, as currently used in finance. In particular, I present two theses: (A)
The use of NPV methodology is self-contradictory; (B) the equivalent-risk principle is inapplicable.
This paper develops and strengthens the first thesis showing that the the use of CAPM for capital
budgeting is at odds with arbitrage theory, and that the NPV rule is meaningless even in the
simplest case, because net present value is any number one wants it to be. Cognitively, this amounts
to say that the NPV procedure leaves decision makers subject to a framing bias; financially, this
amounts to say that additivity does not hold. De Reyck’s [Eur. J. Operat. Res. 161 (2005) 499]
objection to my second thesis is shown to be invalid (not only because he does not cope at all with
my second thesis, but also) because he mistakes a project’s ezpected rate of return for a project’s
cost of capital and confuses the notion of risk-equivalence implicit in the CAPM with the notion
of risk-equivalence implicit in arbitrage theory.

Keywords. Finance, Investment Analysis, Net Present Value, Capital Asset Pricing Model, arbi-
trage.

Introduction

The Net Present Value (NPV) rule states that project valuation should be accomplished abiding by
what I like to name the equivalent-risk (ER) tenet: Decision makers involved in capital budgeting
decisions should only compare assets having equivalent risk. Therefore, a project should be valued
by discounting its cash flows with a risk-adjusted rate of return reflecting the expected rate of
return of an asset which is equivalent in risk to the project under valuation. In Magni (2002) 1
present two theses, henceforth labelled A and B respectively: (A) “inconsistencies and antinomies
arise when applying the above mentioned rule” (Magni, 2002, p. 206), (B) “it is actually impossible
to compare alternatives equivalent in risk and any decision maker cannot prevent herself to violate
the above tenet” (ibidem). De Reyck (2005) holds that my arguments supporting thesis B are
flawed. This paper shows that De Reyck’s argument is biased and adds some irons in the fire
claiming that arbitrage theory and Capital Asset Pricing Model (CAPM) are incompatible when
used for capital budgeting problems. Also, the NPV rule is meaningless, because the net present



value of a project is any real number. These findings are unexpected results and they are not yet
recognized in the literature.

The paper is structured as follows. Section 1 reminds the reader about the concept of rate of
return and the meaning of “equivalent in risk” in the CAPM. Although this is basic finance, all
arguments in this paper stem from logical deduction of such fundamental concepts. Section 2 shows
that the use of CAPM for capital budgeting is incompatible with arbitrage theory, since the notions
of risk implicit in the two models differ. Section 3 revisits De Reyck’s (2004) Proposition disclosing
the biases that impair De Reyck’s argument and offers some Propositions aimed at shedding lights
on the issue at hand. Section 4 shows that the notion of net present value is ambiguous and self-
contradictory, since the NPV of a project is not unique. Furthermore, it is meaningless, since it
is any real number one wants it to be. Section 5 briefly highlights a methodological error in De
Reyck (2005). Some remarks conclude the paper.

I will be hereafter concerned with one-period projects x and y, which pay off, at time 1, the
random cash flows X and Y=X + K respectively, and whose costs are I, and I, respectively. I
assume the existence on the market of a security 4 having the same beta as project z, and of a
security 7 which exactly replicates project ’s cash flows in every state of nature. I will make use,
among others, of the following notations:

A=value of security § at time 1 (or, equivalently, cash flow released by ¢ if it is sold in
the market at time 1).

I=value of security 7 at time 1 (or, equivalently, cash flow released by = if it is sold in
the market at time 1).

r y=risk-free rate.
rm=market rate of return

o2, =variance of market rate of return

ry=asset [’s rate of return
Vi=value of asset [

I1=cost of asset [

ﬁl___covgj#,_): systematic risk of asset [ l€{zx,y,d r}
where cov stands for covariance. Furthermore, the symbols i, and i, represent the costs of capital
of project z and y respectively, and a bar over any symbol means that expectation is taken. As a
last assumption, securities § and 7 lie on the Security Market Line (i.e. they are in equilibrium).

1 NPV and CAPM for capital budgeting

It is standard in finance to solve capital budgeting problem by using the net-present-value rule
alongside the Capital Asset Pricing Model (CAPM) (see Rubinstein, 1973; Copeland and Weston,
1988; Brealey and Myers, 2000, or any other textbook): A project z should be undertaken if and



only if its Net Present Value (NPV), calculated by discounting cash flows at the cost of capital, is
positive. The cost of capital is also labelled risk-adjusted rate of return and is an opportunity cost,
representing the expected rate of return of a security lying on the Security Market Line (SML) and
equivalent in risk to the project. Risk-equivalence has a precise meaning, which is worth repeating
even if it is commonplace in the literature:

Definition 1. Project x has the same risk as asset ¢ if 8, = [s.

The random rate of return of one-period project z is found by computing the ratio of its payoff X
to the cost I, and then subtracting one:

X
Ty = _I; - 1. (1)
Likewise, the random rate of return of ¢ is
A A
rg—E—l—-‘—/;—l (2)

where the second equality holds since ¢ is in equilibrium (lies on the SML). Let us now adopt
Definition 1 as our definition of risk. Using the fact that §, = (s the CAPM gives us the following
relation:

iz =T5 =1f~+ B5(Fm — 7). (3)
Eq. (3) is routine in finance and the first equality explicitly underlines that a project’s cost of
capital coincides with the expected rate of return of an equivalent-risk asset lying on the SML.
Therefore, the value of project z is

Vo=t = : 4)

From eq. (4), we get to
X
v 1 (5)

=
8
A

which highlights the dependence of a project’s cost of capital on value. I will often stress that rate
of return depends on cost and that cost of capital depends on value, as egs. (1) and (5) manifest.
The NPV rule tells us that x should be undertaken if and only

I+ Ve=—I,+ >0 (6)

1+ ia:
or, in CAPM form,
Tp >ty = T+ ﬂg(?m - Tf) (7)
since X=1I,(1 4+ 7). In words, eq. (7) may be restated as

[x’s expected rate of return > z’s cost of capitaq

or, equivalently,

[:v’s expected rate of return > 4’s expected rate of return.]

The NPV rule boils then down to a comparison that is the direct consequence of an equivalent-risk
(ER) tenet, according to which a decision maker is allowed to compare only alternatives that are
equivalent in risk.



2 CAPM and arbitrage

The notion of risk-equivalence implied by Definition 1 strictly depends on the notion of beta. But
beta is not the only measure of risk finance relies on. Arbitrage theory provides us with the following
notion of risk-equivalence:

Definition 2. Project = has the same risk as asset w if z’s payoffs are replicable by 7 in every
state of nature.

The following Proposition shows that Definitions 1 and 2 are incompatible.

Proposition 1. Let x be a one-period project paying off the random sum X and let ™ be a twin
security, such that X = all for some nonzero a. Then [, # Br (as long as x is not in equilibrium,

ie Vo #I).
Proof. The assumption X = qll implies V,, = aV}.. Hence,
_cov(X - 1,7y) _ cov(X,Tm)

Pe Io2, - L2 )
cov(X,rm) _ cov(all,rm) A
Veo2, —  aVyol T

O

Remark 1. By modus tollens, it is also obvious that, ceteris paribus, if  and 7= had the same beta,
then m would not be a twin security of z. As a result, security 4, having the same beta as z, does
not replicate x.

Proposition 1 shows that the definitions of risk implied by CAPM and arbitrage theory conflict
each other. This implies that the very concept of value is ambiguous,! as the following Proposition
shows:

Proposition 2. The notion of value in the CAPM is different from the notion of value in arbitrage
theory, i.e.

Ve £V
where V' is the value of project x obtained by application of the CAPM and VA is the value of x
obtained by application of arbitrage theory.

Proof. As ¢ and 7 lie on the SML, we have Ts=ry + B5(Fm — 7¢) and Tr=rf + O (Frmn —75). We also
have 8, = (5 (by definition of asset ) and B, # B (by Proposition 1). The latter implies 85 # G,
which in turn implies T5%#7,, which leads to

X X 2 X all A

147, 147, ' °°

Ve = =
* 1+i, 1475

O

} Ambiguity lies in other economic concepts as well. See Magni (2003, 2004, forthcoming) for ambiguity in the
notion of excess profit.




We have two different notions of risk-equivalence, expressed in Definition 1 (linked to the CAPM)
and Definition 2 (derived from arbitrage theory), as well as two different notions of value. Contrary
to what is commonly thought, the two notions are incompatible.? In particular, risk in the CAPM
depends on beta, which depends on cost, risk in arbitrage theory depends on cash flows, which do
not depend on cost.

3 Linking values of two projects

All De Reyck’s (2005) results, intended to defend NPV, rest on a Proposition which I here restate,
adjusting symbols for coherence:

De Reyck’s Proposition 1. Let project x be a one-period project resulting in cash flows X =(X1, X2)
with probabilities p and 1 — p, respectively, and let i, be project x’s cost of capital, obtained through
the market valuation of a security or project with exactly the same payoff pattern. Project y with
cash flows Y =(Y1,Y2) with probabilities p and 1 — p can then be valued as follows:

Y o X0 - )Vt

9
Y l—}—rf ()

with (Y, X) € {-1,1}.
As throughout this paper our assumption is Y = X + K, De Reyck’s Proposition 1 becomes

De Reyck’s Proposition 2. Let project z be a one-period project resulting in cash flows X =(X;, X3)
with probabilities p and 1 — p, respectively, and let i, be project x’s cost of capital, obtained through
the market valuation of a security or project with ezactly the same payoff pattern. Project y with
cash flows Y =(X + K, X2 + K) with probabilities p and 1 — p can then be valued as follows:

Y~ (o —rp)Va

Vy: 1—{—’1“f

(10)

I now show that De Reyck’s Proposition is flawed (to this end, it suffices to disprove De Reyck’s
Propositon 2). As a preliminary result, the following Proposition shows that two random cash flows
differing by a constant may have the same beta.

Proposition 3. Let projects x and y be one-period projects resulting in the random cash flows X
and Y =X +K respectively. If I,=I,, then B;=0,.

2If = were in equilibrium, then we would have V¢ = VA, In other words, arbitrage theory and CAPM do value
assets in equilibrium in the same way.



Proof.

_ cov(ry, Tm)

By =

_ cov(Y,rm)

o

I,o2,
cov(X + K, rm)
Iyol,
_cov(X,rm)
T Lol

(11)

cov(X,rm)
L2,
cov(Tg, T'm)

- Eeln g,

T

An obvious consequence of the above Proposition is
Corollary 1. If the assumptions of the above Proposition hold, then iy, =75 = iy.

Proposition 4. Let project x be a one-period project which pays off X and let i, be project x’s
cost of capital, calculated assuming a notion of risk as defined in Definition 1. If project y pays off
the sum Y = X + K, then it may be valued as follows:

Y - —’il:; (te — 1)1
Vy= . (12)
1+r¢

or, equivalently,
“ Y ? 147y /- I
Voo T (ty = )1y (13)
v 1+ T

Proof. We have

Y Y

V: — =
Y 1+Zy 1+Tf +ﬂy(Fm_rf)




whence
1% Y - %ﬁy('f‘m Tf)
Y (1+Tf)
Y- - )
o (1 +'l"f)
- Y cov(Y,rm),_
Y- 1+4, Y X 52 (Fm = 75)
_ 147y
(1+Tf)
v 1+ v Yrm
(1 +7"f) (14)
V- Enetkml, )
- (1 —l—Tf)
~ v — %E%cov(er) (T _ Tf)
a (1+'I“f)
‘Y‘ 1+7y, I
T T Iy T Pa (Tm'—T'f)
(1 +7“f)
B Y — —i{%(zm —rp)
(1 +Tf)

To get to (13), consider the fourth step of (14) and divide and multiply by I, the ratio Eﬂ‘;i O

Remark 2. Note that the above result holds whatever the value of I, and I,,.

Comparing egs. (12)-(13) with eq. (10) it is clear that De Reyck’s Proposition does not hold. The
reason is that he does not correctly apply the standard definition of a project’s rate of return. Let
us see things in details. At first, De Reyck correctly affirms that “finance theory and the Capital
Asset Pricing Model ... define risk as a function of returns, not cash flows” (p. 501, italics added)
and that “Risk, as defined in the Capital Asset Pricing, is defined in terms of return generated
by the project” (p. 504, italics added). In actual facts, he does not comply with his very words:
In his Proposition’s proof he always replaces rate of return generated by the project with rate of
return generated by the equivalent-risk alternative (i.e. cost of capital) or vice versa. For project
y, he defines ry=(ry1,7y2) as “the returns of the project in each project state” (p. 501) and, for
project , writes that r;=(rz1,752) “denote the project returns in the different scenarios” (p. 502),
but his equations are not consistent with these very statements. For example, he uses the relation
Vy = T{ﬁ which is incorrect, given that a project’s value depends on cost of capital, not on the

project’s expected rate of return. Also, his eq. (2.7) is:

Ty =7f + By(Tm — 7¢).



But the left-hand side of the equality is, by his very definition, the expected return generated by
project y, whereas the right-hand member is project y’s cost of capital. The two are, in general,
different. To avoid pedantry, Table 1 collects incorrect expressions in De Reyck’s proof and replaces
them with the corresponding correct expressions.

Table 1. Mistaking cost of capital for expected rate of return

De Reyck Correct Error location
Y
Y Y
‘/y — Ti7, ‘/y = -1——_;—7—‘—1/- P- 501, eq. (26)
Ty =715+ By(Tm — 75) by =71 + By(Fm — 1) p. 501 eq. (2.7)
ry = T/Y; - ry = 7‘; -1 p. 501, column right, line 10
cov(ry,rm):ﬂ%,g’-r——m—) cov(ry, rm):%r—"—ll p. 501, column right, line 11
— Y _ Y . .
y = 1+(Tf+co\‘l/;)::'rm)(?m“rf)) Vy = 1+(Tf+c0\;;1:rm) Fomr)) p. 501, column right, line 12

iy =Ty = Ty +ﬂx(7m - 'rf) iy =T5 = Tyt /Bz(Fm - Tf) p- 501, eq. (29)

B = C_OV_‘S :Zé:mz By = __COV;:;;:m) p. 501, eq. (2.10)3

Keeping on neglecting that the rate of return of a project depends on cost, De Reyck destroys the
validity of his proof. He evidently confuses expecied rate of return of project x with cost of capital
of project . The former is the expected rate of return actually produced by project z, the latter
is the rate of return that the equivalent-risk asset § lying on the SML is expected to release or,
equivalently, the expected rate of return that project x would generate if it were in equilibrium. In
a nutshell:

project z’s rate of return depends on cost (see this paper’s eq. (1)), project z’s cost of
capital depends on value (see this paper’s eq. (5)). Equivalently, beta depends on cost,
not on value.*

3In his eq. (2.10) De Reyck introduces the symbol P(Z) which he does not define. The same symbol appears in
eq. (2.11). However, it is evident that it is a typo and that that such a symbol stands for the value of z.

4That betas and actual rate of returns depend on cost, not on values, should be obvious. However, Rubinstein
(1973) underlines this fact by using the evocative symbol “COST;” in his classical paper. His rule at p. 171 is
identical to eq. (7) in this paper and his definition of project’s rate of return at p.172 is just the same as eq. (1)
in this paper. Copeland and Weston (1988, pp. 414—418) show an example of capital-budgeting problem, giving a
correct expression of the rate of return as a function of cost (ibidem, p. 416), and providing a correct expression of



Remark 3. The reader may think that eq. (10) may be found back by picking I, = V; and 7, = i,
in eq. (12). This boils down to assume that both projects z and y lie on the SML, i.e. they are in
equilibrium with all the other securities of the market. However, this assumption is not legitimate
unless one also assume I,#1,, as the following Proposition holds:

Proposition 5. Let x and y be projects that pay off the sum X and X + K respectively, and let
I,=I,=I. Then, at least one of them is not in equilibrium (i.e. at least one of them does not lie
on the SML).

Proof. By Corollary 1, we have iz=i,. Then V; = 1—1—% and V, = %% If both were in equilibrium

(lying both on the SML) we would have V; = I =V, so that X = X + K, which is absurd (as long
as K #0). g

Remark 4. As an alternative proof, just take directly (10) and assume I = I, = V; = V;,. Then,

7_(1':0_"'}‘)%
1+7f

_ 7+K~(im—‘7"f)‘/;
N l—i—T’f

X — (g —Tf)Vy K
N L+7f 147y
X K
BT 147y

K
1+rf

Vo=V, =

=V, +

which is absurd.

We may then retrieve eq. (10) as a particular case of eq. (12) with the following Proposition
(whose name will be motivated in the subsequent Remark):

Useless Proposition. Let one-period projects x and y pay off X andY = Z 4 K respectively, and
let i5 be project x’s cost of capital, calculated assuming a notion of risk as defined in Definition 1.
If both projects lie on the SML and if I # I, then y may be valued as follows:

Y - ('L:c - rf)Vw

V. =
Y 1+1"f

the beta as a function of cost (ibidem, eq. (12.30) and eq. (12.31)). Their calculations in Table 12.2 and 12.3 are
consistent with this correct approach and the problem is correctly solved. However, it is worth noting that in the
first equality of p. 417 the authors denote cost of capital by using the same symbol “7;” they have previously used
for the actual rate of return. This equality is not used to solve the problem (it just serves the function to introduce
the cost of capital), so no problem arises. However, one wonders whether Copeland and Weston’s is just a typo or,
rather, a Freudian lapsus.
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Remark 5. The above Proposition assumes that z and y are in equilibrium. Barring the fact that
this is an extremely rare case, if both projects lie on the SML, what’s the point in determining the
value of y?7 One does not need any particular Proposition to value it, since we simply have V,, = I,
i.e. cost coincides with value and project y (as well as project ) has a zero NPV so that the capital
budgeting problem is trivial. In other terms, my above Proposition (which aims at retrieving De
Reyck’s eq. (10) taking the correct assumptions) is totally useless!

Remark 6. The reader may note that while my Proposition 4 uses Definition 1 to measure risk, De
Reyck adopts the notion of risk implicit in arbitrage theory (he writes of a security with “exactly
the same payoff pattern”). Here comes a further error: If the notion of risk employed is that derived
from Definition 2, then one should not use the CAPM relation iy = r§ + 8(Fm — ry), which is
equivalent to chooses Vf as the value of project z. One should instead use VIA or, which is the
same, pick iy = 7, where T # 75 (see Proposition 2). So, De Reyck commits two main errors: In
first place he uses the CAPM in an incorrect way (mistaking a project’s expected rate of return for
its cost of capital); in second place his assumptions presuppose a notion of risk that dismisses the
CAPM. As far as I can tell, the latter mistake shows that De Reyck is not aware that the CAPM
notion of risk and the arbitrage notion of risk collide.

In the light of what we have seen, my thesis A remains untouched by De Reyck’s paper and
is now reinforced by the following one: The use of CAPM for capital budgeting evaluations is
incompatible with arbitrage theory.

4 Meaninglessness

In the previous section we have seen how to correctly value project y and have pointed out the flaws
in De Reyck’s arguments. This section takes a radically different route and, quite unexpectedly,
shows that all this debating on valuing projects is an idle issue, since the very notion of net present
value is meaningless.

Lemma 1. Let z and y be two projects paying off the random sums X and Y =X+ K K € R after
one period. Let I = I, = I, be the initial outlay for both x and y and let i, be the cost of capital
for project x. Then the Net Present Value of project y is simultaneously given by

K
d NPV = —-T+Vp + ——
T+ an + ;p+1+rf,

with NPV, # NPVY (as long as r; # i, and K#0).

NPV, = I+ V, +

Proof. The NPV of y is

Y

NPV, =-1 . 1
But from eq. (11) we have gy = 8, so that iy, =i, (Corollary 1). Hence,
Y X+K K
NPV, =-I+ =T+ +, =-I+Vy+ (16)

1+, 1+ 141y
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At the same time, Y may be seen as a portfolio of project z and an asset yielding the risk-free sum
K. Then the NPV of y must also be

X K K
=T+ Vy+—— (17)

PVY =T
NPV +1+iz+1+'rf 147y

a

Lemma 1 shows that the NPV rule based on Definition 1 is self-contradictory (this is just my thesis
A). But, as the following Proposition shows, the inconsistency is even stronger: Project y may be
arbitrarily determined by the decision maker himself!

Proposition 6. The Net Present Value of project y, whose payoff is Y =X + K, is any real number.

Proof. In general, we may write Y = X+a+(K — ) where « is any real number. We may discount
X+a at the rate iz=i, (Corollary 1); the certain sum (K — a) is obviously discounted at the
risk-free rate. This means that the NPV of y is a function of f(«) such that

X+a K-«

18

fla)y=—-T+

Eq. (18) describes a monotonic function whose image is the set of all real numbers (as long as
iw # T f). D

It is worth noting that f(K)=NPV, and f(0)=NPVY¥, so that Lemma 1 shows two NPVs among
many infinite possible ones. As a result, the use of the NPV+CAPM methodology is invalid even
in the simplest case, as the following Corollary shows:

Corollary 2. Let x be any one-period project. The NPV of the project is arbitrarily chosen by the
decision maker himself.

Proof. Choose an arbitrary real number, say G, and pick K=0 and o = f~1(G) in (18). O

Remark 7. The above result depends on the fact that the decision maker may always shape cash
flows in the way he prefers. Any project x with cost I, and final cash flow X may be reinterpreted
by the decision maker as a portfolio consisting of a project whose cost is I, and whose payoff is
the random sum X — «, plus an asset yielding the certain sum «. The project paying X — « has
the same beta as project z (as the costs are equal), so the costs of capital coincide. The risk-free
sum must be discounted at the risk-free rate for obvious reasons. Hence, the indeterminacy of the
NPV, which changes as o changes, i.e. as the framing of the decision process is changed by the
decision maker (see also Magni, 2002, section 4). This boils down to say that the NPV+CAPM
methodology leaves decision makers subject to a framing bias (see Tversky and Kahneman, 1981;
Kahneman, Slovic and Tversky, 1982; Kahneman and Tversky, 1984).

Remark 8. This instance of framing effect may be called the “additivity bias”. Finance heavily
relies on the concept of value additivity or NPV additivity. Additivity is preserved if arbitrage
theory is applied in valuing assets, but as egs. (16) and (17) show, the CAPM does not comply
with this principle:

Virr # Ve + Vi
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or, in terms of eq. (18),
Viea + Va # V:'c-a-i—a =V

which signals the absurdity of the evaluation, given the arbitrary value of a.

Let us now focus on the De Reyck’s (2005) “clarifying example” (pp. 503—504) which, actually,
clarifies the types of error he commits. At pp. 503—504 of his paper he considers two one-period
projects paying off the sums ¥ and Z such that Z=z+20. In particular, Z pays off 20 or 40 with
equal probabilities, 7 releases 0 ad 20 with equal probabilities. I will henceforth denote with = and
z these two projects. De Reyck assumes a cost of capital equal to i;=10% so that he correctly
writes that the value of x is V, :—1:% = 27.27.°> A main error is made when he writes that the
returns generated by z are ‘2,—2 —1=-26.66% and %% — 1 = 46.66%. We know that the (rates of)
return generated by the project depend on cost, not on value. If De Reyck does not give us the
cost of the project, how can he calculate the returns generated by the project? To De Reyck, the
returns are —26.66% and 46.66% regardless of the cost the investor pays to undertake the project!®

Now, let us repair this major flaw assuming that the cost for « is I,=16. This means that the
returns generated by z are 22 — 1 = 25% and %g —1=150%. The NPV of z is —~16 +27.77 = 11.27.
As for z De Reyck applies his Proposition to value it and then calculates its (rates of) return in
terms of the value obtained (so committing two errors in one shot).” But, again, returns depend
on cost, not on value. Let us then assume that the cost of z is I,=16. Then, the returns of this
project are simply 10—6 —1=0% and % — 1 = 25%. As for the value of z, obviously, eq. (10) may
not be applied, so the value 8.225 provided by De Reyck is wrong (the variances of the returns he
shows us are also wrong, as they are functions of cost, not of value). To sum up, De Reyck thinks
that a rate of return of a project is independent of cost and dependent of value, whereas it is the
other way round: A project’s rate of return is independent of value and dependent on cost.?

Finally, I point out a further related fault in his example: He writes that“despite the fact that
the variance of  and 7 are the same, their risk is different” (ibidem, p. 504). This statement is
unwarranted because he does not specify the costs of the projects. And if costs are not known,
neither are betas. As I have assumed I, = I, = 16, the two projects are such that the variances of
the cash flows are the same, the variances of the rates of return are the same, and the betas are
the same as well, so that the risk (in the sense of Definition 1) is the same:

B, = cov(ry, 'm) COV(%,Tm) _ COV(ETE.QO,T’m) . Cov(%,rm) _cov(ry, Tm) s
v o2 - a? - o2 - o2 - o2 e
m m m m m

51t is worth noting that the (correct) valuation of project x in this example contradicts the (incorrect) valuations
made in the proof of his Proposition (e.g. see Table 1 in this paper, line 1).

SEven the wording De Reyck adopts in writing interestingly betrays his thinking. He defines ¥ as a payoff and
then writes of “returns generated by Z” (p. 504, column left, line 3), instead of “returns generated by the project”.
Return of a payoff is nonsense, return always refers to an asset (projects, securities etc.) and one-period assets are
univocally defined by two variables: Cost and payoff. Thus, De Reyck disregards cost even in his wording. But, true
as it is, to speak of a payoff’s return is to utter no word.

“First error: Application of an incorrect Proposition. Second error: Neglect of cost in computing rate of return.

8This is just the reason rates of return are called internal: They only depend on cash flows paid to and received
from the project, that is on cash flows which are intrinsic to the project (the external financial milieu is not relevant,
and value just depends on external variables).
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As for the values of the two projects, it is not worth the trouble of valuing them. Corollary 2 allows
you to choose whatever value you like.%

The final consequences are that the NPV is a contradictory and ambiguous notion and the
CAPM is unreliable for capital budgeting purposes.

5 A methodological error

De Reyck’s paper is flawed from a methodological point of view as well. In his paper’s Abstract,
after having correctly stated that I claim that “the so-called equivalent-risk tenet of finance ... is
impossible to implement” he writes, at p. 499:

we show that the main thesis of the paper is incorrect.

In the Introduction (p. 599), he also writes:

we refute Magni’s claim that it is impossible to implement the equivalent-risk tenet of
finance.

In the Conclusions (p. 504), he once again writes:

the claim made by Magni (2002) that the equivalent-risk tenet of finance is impossible
to implement, is incorrect.

All these statements makes the reader think that he is concerned with my thesis B, according to
which the ER tenet is inapplicable. In actual facts, De Reyck’s paper does not focus on thesis B.
He focuses only on my paper’s sections 2, 3 and 4, where thesis A is coped with and where thesis
B is not mentioned at all. The only part where thesis B is stated and shown to hold is the second
part of my paper (Magni, 2002, p. 213 and following), whose arguments are independent of the first
part’s results. In this way De Reyck misguides the reader and commits a significant methodological
error: He faces a paper where two theses are presented (A and B), claims that he will disprove B
but, in contrast, concentrates his efforts on thesis A presenting a (flawed) Proposition, and finally
asserts that his conclusions invalidate thesis B.

We can then conclude by claiming that my thesis A remains unchallenged and is now reinforced
by the results shown in this paper. As for my thesis B, it is evidently untouched as well, since De
Reyck’s objections do not refer to it (see Magni, 2005, for a thorough treatment of thesis B).

6 Concluding Remarks

The use of CAPM for capital budgeting is standard in finance: A project is to be undertaken if
its NPV discounted at the risk-adjusted rate of return is positive. The risk-adjusted rate of return
(cost of capital) is the expected rate of return of an asset lying on the SML equivalent in risk to
the project at hand. Equivalent in risk means that the project and the asset have the same beta.

9This also means that although z pays 20 more than z in every state of nature and the cost is the same for both,
we may arbitrarily decide that z is preferable than z!
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In my 2002 paper I introduce two theses: (A) The NPV is self-contradictory, (B) it is impossible to
apply the equivalent-risk tenet. This paper only deals with thesis A and reinforces it. In particular,
it shows that

e the notions of risk and value implicit in the CAPM differs from that implicit in arbitrage
theory

e the use of CAPM for capital budgeting is incompatible with the use of no-arbitrage arguments

¢ decision makers may frame a sum the way they prefer, which gives rise to different valuations
for the same project. In other terms, they are trapped in a framing bias

the additivity principle is not fulfilled

the very notion of net present value is senseless, since the NPV of a project is anything one
wants it to be.

While all these results have been directly proved, I have also directly disproved De Reyck’s Propo-
sition, on which all his objections are grounded. Its attack to my position is fully biased for three
evident reasons:

e in the assumptions of his Proposition he uses the notion of risk implicit in arbitrage theory,
but in the proof he uses the notion of risk derived from the CAPM

e he mistakes expected rate of return for cost of capital

o he commits a methodological error: He claims his paper invalidates my thesis B but he
completely disregards it and deals with my thesis A.

Indeed, we all may claim that to use NPV and CAPM for capital budgeting is not a good idea!
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