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This article integrates strategic product market analysis with price-taking asset
pricing theory. We demonstrate that a firm’s market power can lead to scale-
dependent and potentially infinite required returns. Scale dependency, which we
relate to risk spillovers between expansionary and existing cash flows, reflects the
divergence of incremental from existing required returns. The firm-specific nature
of risk spillovers potentially destroys the concept of a common industry “risk
class.” Our analysis raises important questions regarding the validity of widely
used “comparables” methods for determining risk-adjusted discount rates.

For decades, finance students and practitioners have been taught the tech-
nique of valuation by discounting cash flows. The standard approach takes
an investment’s estimated expected cash flows and discounts them at an esti-
mated required rate of return. While project managers—with a comparative
advantage in determining product market strategy, production, and revenue
levels—estimate expected cash flows, it is common to have another party es-
timate required returns. This party typically examines the historical relation-
ship between the firm’s (or a comparable firm’s) returns and factors deemed
relevant for a specific asset pricing model. The two pieces are combined
using a discounted cash flow technique to value a proposed investment.

This standard approach to project valuation typically involves the use
of a constant discount rate across all production possibilities.1 For exam-
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ple, when using the capital asset pricing model (CAPM), beta is assumed
constant across different production plans, cost scenarios, and competitor
reactions. A project’s risk characteristics, however, necessarily derive from
fundamental demand and supply considerations in the product and factor
markets. The profits of a project, if any, can more accurately be considered
as the rents from market power in these markets. We demonstrate that a care-
ful analysis of the risk characteristics of future economic rents will typically
yield required returns which vary with scale. In fact, firms expanding their
output alter (1) their own expected profit and the expected profits of all firms
sharing the product and factor markets in which the firm has market power;
and (2) their own required return and that applied to other firms sharing the
affected markets. The erosion of existing revenue (own and competitor) is
a basic concept introduced in the microeconomic theory of the firm. That
one firm’s production decision affects other firms’ profitabilities through
a “spillover” is a cornerstone of industrial organization theory. Our analy-
sis concentrates on the class of less well-understood interactions which we
term risk spillovers: expansion-induced changes in the risk and, therefore,
the value of existing (own and competitor) production. In situations where
market power introduces risk spillovers within or between firms, the use of
scale-invariant, industry or historical required returns to value entry or ex-
pansion is generally inappropriate. Since most, if not all, firms exhibit some
degree of non-price-taking (market power) in product or factor markets, the
robustness of the standard valuation approach deserves closer scrutiny.2

Our analysis combines the strategic orientation of industrial organiza-
tion theory with the widely accepted price-taking behavior of asset pricing
theory. We introduce common andendogenousrisk in product profits while
maintaining a valuation framework which prices only relevant risks. In this
context, valuation procedures which separate cash flow estimation from dis-
count rate determination are shown to be conceptually flawed. Specifically,
because expected cash flowsandrequired returns are both driven by the in-
dustry’s production configuration, there is no natural division of labor: the
estimation of required returns (denominators) necessitates detailed knowl-
edge of the product and factor markets; the selection of optimal scale and,
therefore, expected cash flows (numerators) necessitates detailed knowl-
edge of how required returns are determined. Product market strategists
should have a model of equilibrium required returns as they contemplate
various (own and other-firm) output levels.3 Financial analysts estimating
required returns need a model of imperfectly competitive product and factor

2 Perfect product and factor market competition is a suspicious assumption for firms that have the where-
withal to conduct project evaluation. Perfectly competitive markets do not permit profits sufficient to
recover the sunk costs associated with project evaluation.

3 Our analysis shows that even when given the correct required return at optimal production, a strategist
using that required return will not select the optimal level of production.
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market equilibrium. Historical estimates of required returns which ignore
variations in an imperfectly competitive firm’s product and factor markets
are therefore inadequate.

Work on this particular type of product and financial market interaction
appears to be sparse.4 However, the insight that product market power may
relate to a firm’s required returns is not entirely new. Thomadakis (1976)
analyzes the role of monopoly power in determining a firm’s returns under
optimized output when its cost and (constant elasticity) demand functions
are related to market movements.5 Subrahmanyam and Thomadakis (1980)
further develop this line of analysis by providing a structural model for a
CAPM beta under related assumptions and conclude that the beta of an op-
timizing firm is a decreasing function of its market power as measured by
the Lerner index. We begin with a very general specification of the product
and securities markets which includes the Thomadakis (1976) and Subrah-
manyam and Thomadakis (1980) product market model as a subset. After
establishing that changes in required returns typically accompany changes in
scale, we demonstrate that the magnitude of necessary adjustments depends
directly on one’s own scale and on that of competitors. Quantity-dependent
revenue and risk spillovers within and between firms complicate the task of
deriving required returns. For a given level of change in aggregate output,
firms with different levels of existing output will, in general, have different
hurdle rates for the change in output.

The article is structured as follows: Section 1 motivates scale depen-
dencies in required returns within the traditional CAPM context and more
generally. Section 2 presents specific CAPM examples. Section 3 extends
the analysis to general asset pricing beyond the CAPM framework. Section
4 discusses the implications our findings have for calibrating the value of
entering or expanding existing product markets and concludes.

1. Scale Dependencies in a CAPM World

It is commonplace for finance textbooks to emphasize the connection be-
tween systematic risk or beta and the general nature of a firm’s product
market. For example, it is widely understood that utilities and semiconduc-
tor firms have different levels of systematic risk and hence the discount
rates used to evaluate projects in these industries necessarily differ. There is
also widespread recognition that, when a firm is not a price taker in selling

4 Most of the recent product and financial market interaction literature has focused on cross-market signal-
ing, a subject we do not address in this article. Earlier literature, which has been summarized by Baron
(1979), considered stock market economies with production, endogeneity of the market portfolio and
shareholder unanimity. We consider only the case of price-taking in the security market and thereby avoid
the unanimity and efficiency questions that motivated this previous literature.

5 We compare and contrast our analysis with that of Thomadakis in Section 2.1.5.
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output or purchasing inputs, it should consider the effect of an incremental
expansion on the price and cost of existing output. In most texts, the absence
of price-taking in the sale of products is treated with a digression on the
erosion of existing revenues. However, the typical discussion of expansion
in the same industry widely assumes that the discount rate applied to the
marginal cash flows can be obtained by estimating the systematic risk of ex-
isting cash flows.6 Our analysis, in contrast to the typical treatment, focuses
on the variation in discount rates due to the choice of scale. We document
the loss of generality in applying constant discount rates when valuing dif-
ferent scales of operation in a given market or industry. We demonstrate
that identifying risk classes by appealing to existing industry (comparable)
required returns may be quite misleading.

Consider a firm involved in a multifirm investment and production game.
We simplify and clarify the analysis of scale choice by addressing a firm
facing residual demand and cost curves.7 Let the state of the world at the
time production is sold be represented byω. Assume that the firm has
investedI in fixed assets that support a range of possible output quantities
q up to a capacity ofqmax(I ), subject to incurring investment-contingent
average costs ofc(q, ω, I ). The firm faces a residual demand curve denoted
by p(ω,q, I ) where dependence onI reflects the potential for different
competing producers’ responses to the firm’s investment commitment (and
capacity). The firm’s profit in stateω under quantity strategyq is

π(ω,q, I ) = p(ω,q, I )q − c(ω,q, I )q. (1)

Since our emphasis is imperfect product and factor—rather than security—
markets, we assume that the firm is atomistic in the security market. That is,
the firm ignores the effect its production strategy (and competitors’ produc-
tion strategies) has on the statistical properties of security market returns.8

Accordingly, agents value a state-contingent future dollar at a totally exoge-

6 See, for example, the treatment in Brealey and Myers (1996, pp. 279–282) in which the price externality
on existing output is accounted for but the discount rate is assumed to be the same as that applicable to
preexpansion cash flows.

7 The residual demand and cost specifications are reduced forms for several versions of imperfect compe-
tition, including quantity and price competition with imperfect substitutes.

8 It is well known that if firms consider their endogenous influence on security market investment opportu-
nities, maximizing firm value may not be in the stockholders’ best interests. An extensive literature exists
on the appropriate objective function for a firm whose claims are traded in CAPM-conforming capital mar-
kets where firms consider security market endogeneity. See, for example, Fama (1972), Jensen and Long
(1972), Stiglitz (1972), Ekern and Wilson (1974), Merton and Subrahmanyam (1974), and Grossman and
Stiglitz (1977), and the survey by Baron (1979). However, this literature analyzes a distinctively different
type of risk spillover from that which we consider. In these earlier articles, firms that can influence the
return on the market portfolio through their output strategies impose risk spillovers on all other firms’
shareholders through the (partially) endogenous statistical properties of market returns. In contrast, our
firms are price takers in the securities market and do not consider their influence, if any, on other firms’
shareholders through endogeneity in security market returns. The risk spillovers we analyze derive from
the firms’ strategic role in the markets related to producing and selling their products.
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nous current price. Such a structure combined with the absence of arbitrage
(and some regularity assumptions) yields the standard pricing kernel repre-
sentation of value:

V [π(ω,q, I )] = E[ξ(ω)π(ω,q, I )]/Rf

= E[ξ(ω) (p(ω,q, I )q − c(ω,q, I )q)]/Rf , (2)

where 0< Rf < ∞ is the gross return on the risk-free asset andξ(ω) is
Rf times the ratio of the state price ofω to its probability density.9 Note
thatV [.] is the present value operator. Determining an optimal (subgame-
perfect) postinvestment quantity requires finding aq∗ ∈ [0,qmax(I )] such
that V [π(ω,q, I )] is maximized atq = q∗. After the optimal quantity
policy q∗(I ) is determined in this fashion, it is possible to back up and de-
termine the optimal level of investmentI which maximizes the “net present
value” of V [π(ω,q∗(I ), I )] − I , given the optimal policyq∗(I ). Because
our primary concern is characterizing the present value operatorV [.] for
various choices ofq, we will suppress functional dependence onI except
where needed for clarity. By explicitly working with this postinvestment
subgame, we differentiate our contribution from existing intuitions relating
required returns to choices of technology, fixed versus variable costs and
operating leverage. In addition, characterizing the postinvestment (present
value) subgame is a prerequisite to a proper analysis of the more complex
(net present value) game incorporating investment and scale interactions.10

We indicate by a tilde those variables that depend onω.
The derivation of̃ξ in a CAPM world is straightforward and yields [see,

e.g., Dybvig and Ingersoll (1982)]

ξ̃ = 1− λ
(

R̃m− Rm

)
,

whereRm is the mean of the market return andλ = (Rm − Rf )/ var[R̃m].
Combining these elements we see that

V [π̃(q)] = E[ξ̃ π̃ (q)]/Rf

= 1

Rf

{
E[π̃(q)] − λ cov[π̃(q), R̃m]

}
, (3)

which is the standard certainty equivalent formulation of the CAPM, except
that dependence (or lack thereof) onq is explicit. By writing the standard

9 This normalized “price per unit probability” ratio is the relevant portion of a Radon–Nikodym derivative
which transforms the true probability distribution ofω to its “risk-neutralized” distribution. In what
follows, we use the fact that this transformation creates a newprobabilitymeasure, namelyE[ξ(ω)] = 1.

10 As is widely appreciated, investment strategy can alter demand and cost structure. Additional variation in
discount rates introduced by interactions between investment and the product and factor market strengthens
our main thesis that discount rates depend on scale.
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CAPM equation for equilibrium required returns as

R(q) = E[π̃(q)]

V [π̃(q)]
= Rf + β(q)(Rm− Rf ) (4)

we can see that equilibrium beta can be written as

β(q) =
[

E[π̃(q)]

V [π̃(q)]
− Rf

]/(
Rm− Rf

)
, (5)

from which it is immediately apparent that beta will vary withq’s if and
only if equilibrium required returnsR(q) do.11 Substituting forV [π̃(q)]
using Equation (3) gives

β(q) = λ cov[π̃(q), R̃m]

E[π̃(q)] − λ cov[π̃(q), R̃m]

(
Rf

Rm− Rf

)
. (6)

1.1 Scale Dependency in Beta
While it is fundamental that beta varies with production quantity if and
only if required returns do, a more interesting characterization of this scale
invariance condition is given by:

Proposition 1. Necessary and sufficient conditions for a nonzero scale-
invariant beta are (i) there exists q such thatβ(q) 6= 0; and (ii) expected
profits are proportional to the covariance of profits with market returns:

E[π̃(q)] ∝ cov[π̃(q), R̃m].

Proof. Equation (5) has already established that proportionality between
E[π̃(q)] andV [π̃(q)] is necessary and sufficient for scale-invariant betas.
Thus betas are scale invariant if and only if there existsκ such that

E[π̃(q)] = κV [π̃(q)], for all q.

Substitution forV [π̃(q)] yields

E[π̃(q)] = κ
[

E[π̃(q)] − λ cov[π̃(q), R̃m]

Rf

]
.

Since we have assumed that aq exists such thatβ(q) 6= 0, we know
thatκ 6= Rf , which permits us to display the linear relationship between

11 While we are stressing the equilibrium nature of our claims, it is important to realize the practical nature
of the question we ask: What is the equilibrium discount rate yielding a present value equal to the true
(security market equilibrium) value of future cash flows? Calibrating this true value is the purpose of a
valuation exercise.
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expected profits and covariance as

E[π̃(q)] = κλ

κ − Rf
cov[π̃(q), R̃m].

Thus K = κλ/(κ − Rf ) is the proportionality constant relating expected
profits to the covariance of profits with market returns.12

An economic intuition for the proportionality result is best obtained by
recasting the result in the format of quantity elasticities. Differentiating
Equation (6) with respect toq and rearranging gives

dβ(q)

dq
=
λ
(

E[π̃(q)] d
dq cov[π̃(q), R̃m] − cov[π̃(q), R̃m] d

dq E[π̃(q)]
)

Rf (Rm− Rf )V [π̃(q)]2
.

For aq with nonzero expected profits and covariance we can define quantity
elasticities by

ε(E[π̃(q)]) ≡ q

E[π̃(q)]

d E[π̃(q)]

dq

ε(cov[π̃(q)]) ≡ q

cov[π̃(q), R̃m]

d cov[π̃(q), R̃m]

dq
.

We can write the derivative as

dβ(q)

dq
= λE[π̃(q)] cov[π̃(q), R̃m]

q Rf (Rm− Rf )V [π̃(q)]2

× (ε(cov[π̃(q)])− ε(E[π̃(q)])) , (7)

which is zero at every feasibleq > 0 if and only if the quantity elasticities
of expected profits and covariance with market returns are everywhere (in
q) equal. Alternatively, when the elasticity of covariance is greater (less)
than that of expected profits, we would expect the marginal beta to be higher
(lower) than the average beta.

In the presence of imperfect competition in the product or factor market,
we would expect the elasticity of expected profits to change with quantity.

12 In the degenerate case where the firm is free of systematic risk at everyq, beta is constant although
expected profits are not proportional to the zero covariance with market returns. In this case, however,
risk-adjusted discounting is not a interesting issue. In what follows, we refer to the nondegenerate cases
as “risky firms.”
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To impose the additional constraint of an identical quantity variation in
the elasticity of covariance with market returns requires very restrictive
assumptions about either the structure of the product and factor markets
or the nature of risk. Before introducing examples we document that scale
variation in required returns necessitates some quantity dependence in prices
or costs. Specifically, considerp(ω,q) = p̃ andc(ω,q) = c̃:

Corollary 1. A firm that takes unit costs and product prices as given and
independent of the firm’s production strategy has a beta that does not vary
with scale.

Proof. Noteπ̃(q) = p̃q− c̃q = q( p̃− c̃). The ratio of expected profits to
covariance is

E[π̃(q)]

cov[π̃(q), R̃m]
= q E[ p̃− c̃]

q cov[p̃− c̃, R̃m]
= E[ p̃− c̃]

cov[p̃− c̃, R̃m]
,

which does not depend onq. By Proposition 1, beta does not vary
with q.

Scale-independence in prices and costs eliminates the need to consider
scale variation in beta. A beta that varies with scale dictates some more
basic dependence of price and cost on scale. Scale dependency in price
reflects market power and the absence of price-taking. Scale dependency in
costs derives from market power in the factor markets or from economies
of scale in total costs. A more general condition that must be violated for
scale variation in beta to occur involves the separability of uncertainty from
scale:

Corollary 2. A sufficient condition for scale-invariant betas is that the profit
function be multiplicatively separable inω and q.

Proof. Under multiplicative separability there existµ(ω) and n(q) such
thatπ(ω,q) = µ(ω)n(q). The ratio of expected profits to covariance is

E[π̃(q)]

cov[π̃(q), R̃m]
= n(q)E[µ̃]

n(q) cov[µ̃, R̃m]
= E[µ̃]

cov[µ̃, R̃m]
,

which does not depend onq. By Proposition 1, beta does not vary withq.

Each of the following examples fails to separate multiplicatively inω
andq due to market power in the product market.
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2. CAPM Examples

2.1 Linear Demand
Consider the case of systematically risky linear product demand and con-
stant (overq) average cost of the forms13:

p̃(q) = ã− b̃q

=
[
a+ βa

(
R̃m− Rm

)
+ ε̃a

]
−
[
b− βb

(
R̃m− Rm

)
− ε̃b

]
q

c̃(q) = c̃

= c+ βc(R̃m− Rm)+ ε̃c,

wherea = E[ã] > 0, b = E[b̃] > 0, Rm = E[ R̃m] > Rf , c = E[c̃] > 0,
and allε terms are mean zero and orthogonal to market returns. Note that our
use of security market returns in defining the product demand curve does
not imply causality of any kind. We consider this functional relationship to
be a reduced form of a more explicit model where factors drive all demand
functions. Hence a realized higher stock market return is associated with a
higher level of economic activity that is characterized by suitable demand
shocks throughout the economy. For our linear product demand

E[π̃ ] = q(a− c− bq) (8)

cov[π̃ , R̃m] = q var[R̃m] (βa − βc + βbq) (9)

and therefore from Equation (3)

V [π̃ ] = q [ A− Bq] /Rf , (10)

where

A = a− c− (βa − βc)(Rm− Rf )

B = b+ βb(Rm− Rf ).

The return beta at profit̃π , βπ̃ , is14

βπ̃ = cov[π̃ , R̃m]

V [π̃ ] var[R̃m]
= [βa − βc + βbq] Rf

A− Bq
.

13 While our examples emphasize (deemphasize) demand (cost) curve sources of variation in discount rates,
it should be noted that we could have generated a wholly analogous set of examples by considering price
influence on factor costs rather than on output revenue.

14 Since we have considered the case of constant (overq) marginal costs, the formula for beta makes clear
that our results are not being driven by operating leverage.
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For discrete scale changes of1q which induce change in cash flows of1π̃ ,
we can apply Equations (8) and (9) to the starting levelq and the notional
postexpansion levelq +1q and take differences to get

E[1π̃ ] = 1q
(
a− c− b(2q +1q)

)
(11)

cov[1π̃, R̃m] = 1q var[R̃m] (βa − βc + βb(2q +1q))

which leads to

V [1π̃ ] = 1

Rf

{
E[1π̃ ] − λ cov[1π̃, R̃m]

}
= 1q

Rf
{(A− B(2q +1q)} (12)

and, if we denote the beta for the expansion byβ1π̃ then

β1π̃ = cov[1π̃, R̃m]

V [1π̃ ] var[R̃m]
(13)

= (βa − βc + βb(2q +1q))Rf

A− B(2q +1q)
. (14)

To be even more concrete, consider the case of nonstochastic constant
marginal costs. In particular leta = 5, b = 1, βa = 1, βb = 3, Rf = 1,
Rm − Rf = .08, c = 1, andβc = 0. From Equation (10) it can be easily
shown that optimality is attained at

q∗ = 49

31
.= 1.58065.

Together Equations (8) and (10) giveE[π̃(49
31)] = 3675

961
.= 3.82414,β 49

31
=

4450/1519
.= 2.92956,R49

31
− 1

.= 23.4%,V [π̃(49
31)] = 2401

775
.= 3.09806.

Now consider a currently suboptimal output of 1.3, whereE[π̃(1.3)] =
3.51, β1.3 = 2.12305,R1.3 − 1

.= 17%, V [π̃(1.3)] = 3.0004, as com-
pared with the level achieved after the notional 20% expansion to 1.56:
E[π̃(1.56)] = 3.8064,β1.56 = 2.8606,R1.56− 1

.= 22.8%, V [π̃(1.56)] =
3.09754. The contemplated expansion would increase the systematic risk
of all of the company’s product market cash flows. It might appear that
using a constant beta (at either 2.12306 or 2.8606) or risk-adjusted discount
rate (at 17% or 22.8%) might be a good approximation for valuing the ex-
pansion project. However, this would overstate expansion value by around
150%. To see this we move to the incremental required returns. From Equa-
tions (11), (12), and (14) we see thatE[1π̃ ]

.= .2964,V [1π̃ ]
.= .09714,

β1π̃
.= 25.6424,R1π̃ − 1

.= 205%. To see how poorly the historical dis-
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Figure 1
Variations in beta with increases in production

count rate performs, note that the ratio of calibrated to true value is

E[1π̃ ]/R1.3

V [1π̃ ]
= .2964/1.17

.09714
.= 2.61.

Similarly, the new projected firm hurdle rate grossly overstates the value of
expansion:

E[1π̃ ]/R1.56

V [1π̃ ]
= .2964/1.228

.09714
= 2.49.

Figure 1 plots the behavior ofβ1π̃ for q = 1.3 as the planned ex-
pansion1q varies. Note that expansions up to a total output of 1.8613—
corresponding to1q of .5613—will have positive present values (V [.] > 0)
and betas.15 The figure displays the potential for infinite required returns
and vividly demonstrates that using historical required returns can provide
an arbitrarily poor approximation of true incremental required returns.

15 The value maximizing expansion is of course .28065. However, since expanding to this level creates value,
the firm can expand beyond this level and still have a positive expansion value.
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It is fairly easy to see that applying anything approximating the existing or
pro forma overall required return (or beta) will result in serious overvaluation
and the potential for misguided overexpansion.16 In other linear examples,
undervaluation and misguided contraction may occur. Since most firms
using discounted cash flow employ some historical estimate of the assumed
constant return beta they may be subject to gross valuation errors.

In contrast, Figure 1 also plots the much less volatile cash flow beta
(βc f ) which can be used in conjunction with certainty-equivalent valuation
[following Equation (3)]. However, the superiority of a cash flow beta is
not assured. To see this we return to the numerical example which, at the
existing output of 1.3, had a return beta of 2.12306. The related cash flow
beta is the product of the return beta times the value at a quantity of 1.3,
βc f = 2.12306∗3.0004= 6.3700. Applying this cash flow beta to the 20%
expansion project gives a calibrated value of

E[1π̃ ] − (Rm− Rf )βc f

Rf
= .2964− (.08)(6.3700)

1
= −.2132

as compared to the true expansion value of .09714. Using the historical
cash flow beta underestimates the value of the expansion project because
the marginal profit is diminishing rapidly and thereby contracting the cash
flow beta to 2.4285 instead of the current 6.3700. The certainty equivalent
adjustment is thus extremely overstated and the value correspondingly ex-
tremely understated at a factor of−2.19 times the true value. The cash flow
beta estimation error of 3.9415 (and percent error of 162%) compares to the
return beta estimation error of−23.5194 (and percent error of−91.72%).
The valuation errors associated with the use of cash flow beta are as ex-
treme and, at least in this example, if not recognized as such, could result in
foregoing a value-increasing expansion. Therefore, using a historical cash
flow beta does not solve the problem of differentiating marginal risk from
average risk.

2.2 Constant Elasticity: The Thomadakis Case
Our linear demand example demonstrates the potentially extreme variations
that can be encountered when considering the value of expansionary cash
flows for firms with scale-dependent betas. As we mentioned in the introduc-
tory remarks, Thomadakis (1976) also considers the relationship of product
market power to required returns. Using a constant elasticity demand func-
tion and scale invariant marginal cost, Thomadakis (1976) establishes that

16 Of course we have structured this example so that the contemplated expansion has positive present value.
In the absence of an increase in the required level of investmentI , true present value is not destroyed by
moderate expansion; it is merely misperceived when the historically estimated beta is used. This same
inflated present value, however, can provide a falsely positivenet present value when netted against an
expense for capacity expansion (increased I).
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required returns under optimal production vary with a market power param-
eter. While such a result would also emerge from our model, our primary
focus is on the scale variation of betas for anygiven levelof market power.
Despite the difference in emphasis, the two models are closely related.

To see this, note that Thomadakis’s formulation for revenue is of the
form

Revenue= f (u,n)a(ω)q1−n

where f (u,n) = (1 − un)/(1 − n); u is Thomadakis’s market power
parameter,a is the stochastic component of the demand curve, andn is the
elasticity of demand. Cash flow is, therefore, given by

π(ω,q,u,n) = f (u,n)a(ω)q1−n − c(ω)q.

Thomadakis (1976) demonstrates that this form of cash flow dictates CAPM
required returns that vary systematically with the market power parameter,
u, when production quantities are determined optimally. Since he treats
specific demand and cost functions, Thomadakis’s analysis is not concerned
with the precise conditions under which such dependence occurs. It is not
hard to show, however, that, for Thomadakis’s model, whenβ depends
on market poweru, it also depends on scaleq. Put differently, whenever
multiplicative separability obtains, we have shown that required rates of
return do not depend onq. By implication, required returns also do not
depend onu.17 Thus the dependence of required return on market power is
intimately related to its dependence on scale (for a given market power).

Thomadakis’s analysis raises the point that required returns may depend
on product market power. He argues that the identification of a risk class for
an entire industry is problematic when different firms have different market
power. We add to this the insight that even a single firm with a given market
power faces different risk classes for different choices of its own scale. Our
example demonstrates that scale-related variations in required returns can
be substantial and therefore can have significant impact on the calibrated
values used in capital budgeting decisions. We will return to these practical
implications after we broaden the notion of risk class by extending our
analysis to asset pricing models more general than the CAPM.

3. Beyond CAPM: Risk Spillovers

To extend our inquiry regarding scale dependencies in required returns be-
yond CAPM to other asset pricing models, we return to the general valuation

17 This is easiest to see in the case of the trivial cost functionc(ω) = 0,∀ω. The profit function is, then,
mutliplicatively separable inω andq and the required return depends on neitheru norq.
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representation of Equation (2):

V [π(ω,q)] = E[ξ(ω)π(ω,q)]

Rf

= E[ξ̃ ( p̃(q)q − c̃(q)q)]

Rf
.

Differentiating with respect toq, denoting the derivative of price and average
cost in quantity bypq andcq, and suppressing the argumentq yields

dV[π̃ ]

dq
=

E
[
ξ̃
(
p̃+ q p̃q − c̃− qc̃q

)]
Rf

= V [π̃ ]

q
+

q E
[
ξ̃ ( p̃q − c̃q)

]
Rf

. (15)

The first term,V [π̃ ]/q represents the value increase from marginal output
produced and sold at preexpansion prices. This term represents the rate of
value change for a price-taking product market participant facing constant
marginal costs. The second term,q E[ξ̃ ( p̃q − c̃q)]/Rf , represents the ad-
ditional net scale-dependent change in value due to non-price-taking in the
product market and nonconstant marginal costs.

To examine the relationship between market power and scale dependency
in required returns, consider the risk-adjusted discount rateR(q):

R(q) = E[π̃ ]

V [π̃ ]
= q E[ p̃− c̃]

V [π̃ ]
. (16)

R(q) is well behaved (finite) when the project has nonzero value, an as-
sumption we maintain throughout this section. Differentiating equation (16)
yields

dV[π̃ ]

dq
= V [π̃ ]

q
+ q E

[
p̃q − c̃q

]
R(q)

− d R(q)

dq

V [π̃ ]

R(q)
. (17)

The first term corresponds to that in Equation (15). The second term is
the adjustment for erosion advocated in textbook treatments of valuation for
firms having market power.18 It is the value of eroded cash flows under the
hypothesis of a constant discount rate. WhenR(q) is constant,d R/dq = 0
in Equation (17) shows that the textbook adjustment is correct. WhenR(q)
varies with scale, as in our CAPM examples, the third term in Equation (17)

18 Brealey and Myers (1996) and Ross, Westerfield, and Jaffe (1996), among others, provide traditional
treatments of erosion which consider only changes in expected cash flows.
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is nonzero and the textbook adjustment may not yield reasonable estimates
of value enhancement or erosion.

Comparing Equation (17) with Equation (15) yields

V [π̃ ]
d R(q)

dq
= q E

[
p̃q − c̃q

]− q E
[
ξ̃ ( p̃q − c̃q)

] R(q)

Rf
. (18)

It is clear once again from the two right-hand terms that, for firms of finite
nonzero value, the textbook and true adjustments (q E[ p̃q − c̃q]/R(q) and
q E[ξ̃ ( p̃q − c̃q)]/Rf , respectively) are equal if and only ifd R/dq = 0.
Equation (18) also provides the generalization of Corollary 1’s CAPM result
on the necessity of quantity-dependent product prices or unit costs for scale
dependency in required returns. Takingp̃q = c̃q = 0 in Equation (18)
directly implies thatd R/dq = 0. Formally,

Proposition 2. At a givenq, scale dependency in required returns (d R/dq 6=
0 at q) necessarily requires a positive probability of product price influence
or quantity-dependent unit costs(Pr[p̃q 6= 0 or c̃q 6= 0] > 0).

To consider the relationship between scale dependency and risk spillovers
we decompose the correct adjustment into three terms using9̃ = 1− ξ̃ :

q E[ξ̃ ( p̃q − c̃q)]

Rf
= q

E[ p̃q − c̃q]

Rf
− q

E[9̃ p̃q]

Rf
+ q

E[9̃c̃q]

Rf
. (19)

q E[ p̃q−c̃q]/Rf is a risk-neutral producer’s changes in value related to price
influence and nonconstant costs. The producer’s additional adjustment for
revenue-related risk spillovers is−q E[9̃ p̃q]/Rf . The producer’s additional
adjustment for cost-related risk spillovers isq E[9̃c̃q]/Rf . To confirm the
notion that the second and third terms in Equation (19) are risk spillovers,
note that if demand and supply slopes are not correlated withξ , then these
terms vanish sinceE[9̃] = 0. Conversely, if the (random) marginal spread
between revenue and cost,p̃q − c̃q, varies systematically with state prices
(and thereforẽ9), the last two terms in Equation (19) are together nonzero
(summed) and influencedV[π̃ ]/dq. Linear-in-q risk spillovers occur when
the firm is currently producing atq > 0 and has a marginal spread that
is correlated with state prices. An important point to note is that the risk
spillover adjustment will differ for producers with different existing output
levelsq. This, in general, will lead to different hurdle rates and valuations
for different producers considering the same scale change. We will return
to this point in our concluding remarks.

When the firm is expected to have a net influence on the spread between
its price and cost (E[ p̃q − c̃q] 6= 0), we can substitutẽ9 = 1− ξ̃ into
Equation (18) and rearrange to establish a necessary and sufficient condition
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for d R/dq = 0 in terms of risk spillovers:

Rf

R(q)
= 1−

E
[
9̃( p̃q − c̃q)

]
E
[
p̃q − c̃q

] ,

whereR(q) = R is the constant risky rate for the firm at all scales. When
net risk spillovers(E[9̃( p̃q− c̃q)]) are present, unless they are proportional
to the revenue spillovers (E[ p̃q − c̃q]) in a specific way (their ratio equals
1−Rf /R(q) for R(q) equal to the constant rateR), discount rates will vary
with scale.19 As we argued earlier, such proportionality conditions are not
satisfied by many reasonable specifications of demand and cost. For a firm
that influences prices, it does not seem reasonable to assume that discount
rates remain constant over scale.

4. Concluding Remarks

Our analysis highlights two important points when using a “comparable”
firm’s returns (or beta) to set an entrant’s or expansionist’s required returns:
(1) true incremental betas diverge in potentially significant ways from ex-
isting industry betas due to the divergence of marginal from average risk;
(2) the risk spillover or externality engendered by expansion affects all who
share the expanding firm’s markets leading to complex endogenous product
and factor market responses. While the first point is just an application of our
general insights, the second is the related but distinct point that oligopolistic
equilibrium depends on reactions which recognize risk externalities. While,
for simplicity, we have suppressed the choices of other firms and considered
only the residual demand curved faced by one firm, the insights easily carry
through to cross-firm risk spillovers among multiple producers. Perhaps the
easiest way to see this is in a totally undifferentiated product market where
all producers face the pricep(ω, Q) whereQ =∑j qj . For this functional
form of p, it is clear thatpQ is a variable influenced by each and every firm.
From the analogue of Equation (15) risk changes will, in general, spill over
to other firms sharing the same imperfectly competitive product market. It is
also clear from Equation (18) that each firm’s discount rate will, in general,
be affected by the product market strategy of all other firms sharing that
product market.20 Under the more complex case of monopolistic competi-
tion where produceri faces demand functionpi (ω,q1,q2, . . .qN), similar
results apply. Even when an entrant adopts an incumbent’s production scale
and cost technology, the entrant cannot accurately gauge the required re-

19 The uniform absence of net risk spillovers (either due toξ = 1 or other causes) induces a constant discount
rate ofRf .

20 The general equilibrium implications of the risk interactions between the various producers are presented
in greater detail in Bhattacharyya and Leach (1995).
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turn on investment by using the incumbent’s pure-play “comparable” beta.
Doing so incorrectly calibrates the risk and value of entry (even if the en-
trant correctly recognizes expected cash flow spillovers to and from existing
firms).21 Perhaps more interestingly, a new firm has no existing output to
be affected by a risk spillover and therefore will have a different hurdle rate
than existing producers who are considering the same market expansion.
We conclude that using existing required returns to calibrate the value of
entering an existing product market involves potentially significant theo-
retical inconsistencies, in addition to any empirical challenges relating to
finding “comparable” firm data.

That equilibrium depends on the nature of risk spillovers is not an in-
sight found among the traditional results of industrial organization where
risk issues are not emphasized. Unfortunately, we cannot simply take the
traditional insights and adjust them for “risk class” considerations as our re-
sults show there is no well-defined risk class for expansionary investments.
In addition, even with only minor cost differences, risk considerations can
move equilibrium required returns in opposite directions at firms affected
by a common advantageous cost shock.22 Long-range product strategy is
also affected as a time series of industrial structures and the associated
risk spillover considerations result in a time series of (endogenous) scale-
dependent discount rates.

An additional implication of our analysis is the failure of decentralized
capital budgeting. As potential investment outlays are compared to present
values (PVs) of resulting cash flows (to yield NPVs), evaluators must be
able to calibrate the PVs, the process of which is our focus. As an example of
the nature of the decentralization problem, suppose that a product manager
is considering a project scale decision (optimizingq). Even if she were
somehow given the correctly calculated equilibrium discount rate which
applies to the project’s optimized cash flows, when she takes this discount
rate as given (independent ofq), she will arrive at a suboptimal production
level since her first order condition is misspecified. In addition, it is not
clear how she would be provided such a discount rate. The rate depends on
knowing the optimalq, the knowledge of which obviates the need for her to
optimize (overq). Concisely, required returns are partially endogenous to
the firm and competitors who share the product and related factor markets.
Most likely, such required returns vary with production plans.

Summarizing, in our analysis of project valuation, we demonstrate that
price influence creates a risk spillover from additional investment to exist-

21 It seems that, in practice, managers tack on a premium (relative to the “comparable” rate) for projects
which enter unfamiliar businesses. While this practice has been criticized as an adjustment for diversifiable
risk related to new business, it may actually reflect a qualitative adjustment for the divergence of postentry
from existing required returns, due to risk spillovers and any induced strategic response.

22 See Bhattacharyya and Leach (1995) for a formal treatment of this point.
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ing investment, driving a wedge between existing risk and incremental risk.
Expansion hurdle rates based on historical required returns are thus biased.
We find that cross-firm risk spillovers influence the equilibrium choice of
quantity and create a divergence of the risk of entering an existing market
from the risk faced by participants currently in the market. Any use of “com-
parable” betas for evaluating the profitability of entry is thus suspect. From
a conceptual viewpoint, our aim has been to synthesize the strategic anal-
ysis of imperfectly competitive product and factor markets with traditional
financial valuation in a way that incorporates market values and considers
relevant risk. In analyzing financial and product market interactions related
to a firm’s production strategy (asset-side interactions), our work comple-
ments the literature addressing financial and product market interactions in
capital structure and payout policy (liability-side interactions). Our synthe-
sis emphasizes (1) the need to use the functional form for required returns
rather than a historical proxy; (2) the potential problems of employing a
single beta for different product market strategy configurations; (3) the in-
separability of cash flow estimation from discount rate determination; and
(4) the role of risk spillovers and the related strategic response to entering
a new market or expanding an existing one.
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