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Using a simple two stage duopoly model, we demonstrate that risk-averse
investors generally will not wish a firm’s manager to maximize the value of the
firm due to the strategic (commitment) impact of managerial incentive con-
tracts. Hence, we cannot assume that risk aversion implies that investors will
wish contracts, incentives, and executive compensation to be based purely on
maximizing firm value. We show that an executive’s incentive package will
cause the manager to act as if investors are less risk averse than they actually
are. This indicates that firm behavior and the observed selection of risky pro-
Jjects may not be a good measure of investors’ true risk preferences due to the
distortions caused by strategic industry effects. Thus, the strategic value of
managerial incentives, which is inherently linked to the industry structure of
the firm’s product market, cannot be ignored when examining investor behayv-
ior.

Introduction

The managerial incentives present in firms owned by outside investors recently
have been discussed, particularly in terms of the goals given to managers. The con-
ventional wisdom is that if investors or firm owners are risk averse, the goal of the
firm’s managers should be the maximization of firm value rather than discounted
expected profits (Shaffer, 1991) because the maximization of expected cash flows
does not take into account the inherent risk of the firm’s operations. This argument,
however, ignores the market structure in which the firm and managers operate.
Recent economic literature has recognized that in many industries managerial
incentives can have strategic effects (Fershtman and Judd, 1987; Sklivas, 1987; and
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Reitman 1993).' We use a simple duopoly framework in conjunction with the Capi-
tal Asset Pricing Model (CAPM) to demonstrate that industry structure has profound
effects on the type of contracts that investors will form with their managers.

The model supposes that each firm is characterized by a separation of ownership
and management. The firm is owned by risk-averse investors whose objective is the
maximization of firm value. The investors form contracts with their managers where
compensation is based on a linear combination of firm value and realized net cash
flow. Assuming general demand and cost functions, we show that risk-averse inves-
tors optimally will move their managers away from pure value maximization and
toward the maximization of discounted net cash flows or profits as long as the
covariance between firm profits and cash return of the market portfolio increases as
production increases. Thus, surprisingly, our model indicates that risk-averse inves-
tors may sign contracts with their managers that provide compensation based on both
value and profit maximization due to the strategic industry effects of managerial
incentives. Our findings suggest that as long the covariance between firm profits and
the cash return of the market portfolio is increasing in output, investors will encour-
age their managers to act in a more aggressive fashion. The managers attempt to
capture a larger market share than pure value-maximizing behavior would indicate.
This implies one cannot assume that risk-averse investors or firm owners will design
managerial contracts or compensate executives based exclusively on maximizing
firm value.

This result suggests that we cannot infer investors’ true risk preferences simply
by observing firm behavior due to the strategic manipulation of managerial incen-
tives. A further implication of the analysis is that when these strategic industry
effects are present, endogenously driven changes in the covariance between firm
profits and cash return of the market portfolio may occur due to changes in product
demand or manufacturing cost. What appear to be exogenous structural changes in
the estimation of the CAPM model are potentially endogenous effects and may occur
with great frequency. Hence, time series tests of the CAPM model may be plagued
by structural shifts that are related to strategic contracting behavior. As a result, care
must be taken in the estimation and interpretation of these models.”

! In essence, this literature argues that, due to strategic considerations, principals may wish to
hire an agent and then structure the incentive contract such that the agent maximizes an objec-
tive function different from the principal’s. The strategic use of contracts in terms of their
commitment ability is the underlying intuition and rationale for findings elsewhere in the lit-
erature and in this paper. For brevity, we use the term strategic to embody this notion
(contractual commitment role managerial incentives provide).

2 Many studies attempt to test CAPM or calculate market betas. See Ferson et al. (1987),
Bodurtha and Mark (1991), and Ng (1991) for recent examples.
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Additionally, our model provides another possible explanation of why firms and
managers do not always invest in projects with positive net cash flows.> Many stud-
ies, such as DeCanio (1993) and Harris et al. (1982), conclude that there are many
barriers to these profitable investments. Our results suggest the strategic commit-
ment effects of contracts and managerial incentives also can impact investment
decisions and managerial behavior.

A Model of Strategic Investor Contracting

As in Fershtman and Judd (1987) and Sklivas (1987), we suppose that there is a
separation of ownership and management.* These authors analyze the strategic use
of managerial incentives in a linear demand constant marginal cost two stage game
where a manager’s compensation depends upon a linear combination of profit and
sales revenue. These authors show that the strategic impact of managerial incentives
can induce risk-neutral firm owners to sign contracts with managers that result in
lower prices and profit than found in traditional Cournot behavior.” Our approach
differs—we do not assume the owner/investor is risk neutral, nor do we assume that
a manager’s contract implies that he or she will seek to maximize a linear combina-
tion of sales and profit. Instead, our model contains risk-averse investors who wish
to maximize firm value based on the CAPM when firms operate in imperfectly com-
petitive output markets. We model the effect of industry structure upon managerial
incentives by allowing managerial compensation to depend upon a linear combina-
tion of firm value and net cash flows (profit). Further, our model is more general
because demand and cost are not assumed to be linear functions of output.

Suppose there are two firms in a given industry indexed by i1 and j where each
firm is owned by different risk-averse investors. These investors employ managers to
run their firms, given a stochastic demand for output. Risk-neutral managers are
hired to observe the relevant demand realizations and make the appropriate produc-
tion decisions based on the incentives provided by the investors.® Thus, we have a

3 Although our model does not explicitly show that positive NPV projects may not be under-
taken, it does indicate that the firm may not make the value-maximizing output decision. By
an admittedly casual generalization, if the firm does not make the value-maximizing output
decision, then it may not choose all projects that have a positive NPV (as it would if it were
solely interested in value maximization).

4 To make the analysis tractable, as in the previous literature, the model assumes the separa-
tion of ownership and management is exogenously determined. In other words, the firm
comprises separate investors and managers, perhaps due to capital market considerations.

5 More recently, Reitman (1993) uses these authors’ basic framework to show that stock
options may be used to reduce the aggressiveness of managers, implying higher profits in
equilibrium. Additionally, Goering (1996) shows that if the firms’ executives have different
managerial styles, owners may write contracts that penalize the executives for sales.

® The existence of an uncertain demand implies forcing contracts, such as quantity forcing
contracts, will not be optimal because investors want managers to be able to adapt to the
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simple two-stage game where in the second stage firm i’s manager selects a quantity
q; after the realization of the random variable x. In the first stage the investors must
choose the managerial incentives (specific form of the contract) without precise
knowledge of the demand for output, and managers must decide whether to accept
the contract given the uncertain demand. In other words, during contracting in period
one product demand is unknown by all participants, but in stage two it is revealed to
managers working in the industry.

The inverse industry demand is given by p(Q, x) where Q = q; + q; is industry
output. This demand is assumed to be twice continuously differentiable with py < 0
and px > 0. Hence, demand is downward sloping in industry output but is increased
by larger realizations of the random variable x.” We also suppose that each firm’s
marginal revenue is decreasing in the other firm’s output, implying that
Po T Pogqj< 0 for firm i (Hahn, 1962).

On the production side, the manufacturing costs for firm i are given by c;(q;)
where firm costs are twice continuously differentiable with ¢;'(q;) > 0. Thus, firms do
not necessarily have the same cost structure in our model.

Although the manager can observe realizations of x in stage two, investors can-
not. Investors, however, do have full knowledge of the distribution of x. Thus,
investors are assumed to know the probability density function f(x) as well as its

supports [ X, X ]. If r is the risk-free one period return, then

1
O=T
is the appropriate discount factor. In stage one the investor’s expected firm value

based on CAPM can be defined as:
E[8Vi] =5 [ [p(Q. x)q;- ¢;(q;) — @0; (q;) F(x)dx , (1)

where:
o = The market price per unit of risk; and
0i(q;) = The covariance between the firm’s profit m; and the total cash return
of the market portfolio.®

observed demand conditions. Note also that, as in the earlier models in this area, the analysis
abstracts from shirking behavior and other types of agency problems and their solutions. The
model instead focuses on the strategic choice of managerial incentives when a separation of
ownership and management is maintained.

7 This is a rather general formulation of a stochastic demand. For example, in a linear demand
setting x may be interpreted as the level of demand or intercept term, i.e., p = x - bQ. See
Goering (1993) for a similar stochastic demand specification in a durable goods model.

8 See Sharp (1964), Lintner (1965), and Subrahmanyam and Thomadakis (1980) for the basic
statement of the CAPM model in a similar collapsed form and Shaffer (1991) for a duopoly
application of the CAPM model assuming consistent conjectures.
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We initially suppose that the firm is relatively small in comparison to the capital
market, suggesting that the firm is a risk price-taker so a is a constant. On the other
hand, as Shaffer (1991) notes, in most cases if market share increases the covariance
between the firm’s profit m; and the market portfolio return would increase. Thus,
typically 6;'(q;) > 0, but we do not place any restriction on the sign of 6;'(q;) for com-
pleteness.” Note also that initially we are assuming that firm i’s covariance 6; only
depends upon its own output level. This assumption allows us to focus on the strate-
gic effects due to demand interdependence because in many cases a firm may have a
rather large impact on its rival’s demand and marginal revenue curves but a negligi-
ble impact on its rival’s covariance. We later will relax this assumption and explore
the impact of allowing a firm’s covariance to depend upon both firms’ output levels.

Investors must decide the appropriate managerial incentives to provide to the
managers of their firm to maximize the expected firm value shown in equation (1),
net of any compensation paid to the manager. As in Fershtman and Judd (1987), we
restrict our attention to linear contracts. We assume that firm i’s manager will be
compensated in the second stage according to:

wi = A + 1 K, (2)
where:
K; = The linear combination of net cash flows 7; and the firm value V;
from the investors perspective. Thus K; = (1-y)m; + v;V; where:
7 = p(Q, X)qi - ¢i(qi), 3)
and
Vi=m; - a0i(qy), 4)

remembering that the manager observes the realizations of the random variable x
after contracting. Managers know that their total compensation w; depends upon a
linear combination of the functions m; and V;. This formulation implicitly assumes
that although investors cannot observe the realization of demand or the manager’s
quantity choice, they do observe the subsequent realizations of m;, V;, and the rival
manager’s contract.'’

° We are treating the covariance 0 as a known function in the model. Thus, both the investor
and manager are assumed to have full knowledge of this function. The only uncertainty on the
part of investors is due to the stochastic demand variable x and the resultant output choice
q(x). All other information in the model is assumed to be common knowledge, such as the
rival manager’s contract, which is critical for contracts to serve a strategic commitment role.

10 There are several unknowns specified jointly in equation (4), 9 q > and x, i.e., there is
only one piece of information and three unknowns. Hence, it is not possible for the
owner/investors to uncover these unknowns. Moreover, even if these values were recoverable,
as in the original framework of Fershtman and Judd (1987), one could assume a high cost to
owner/investors (in terms of time involved etc.) in uncovering these values so they would
have no incentive to do so. This is a central assumption in this strand of literature (that it is too
costly for owners/investors to track day-to-day output decisions etc.) and that owners instead
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At this point it is perhaps worth reiterating the sequence of events using a time
line:

t=0 t=1

Investors offer con- Managers decide Managers observe Investors observe T

tracts to prospective  whether to accept demand realization and V and compen-

managers contracts based on and select output sate managers
uncertain demand levels accordingly

The timeline shows the contracts are signed before the managers’ choice of output q;
and the demand realization x (which are not observable or recoverable, as shown in
footnote 10). Thus, the market/investors are uncertain about the value of the com-
pany when contracts are signed. In other words, the market makes its valuation in
our model after contracts are signed. Managers are hired by investors to run the firm
based on the specific demand realization that is unknown to the market at large.

Equation (2) indicates that investors in firm i have three different incentive vari-
ables under their control: A;, ;, and y;. As long as the manager is risk neutral, they
will accept the contract if they are paid at least their opportunity cost of participation.
Consequently, in stage two investors will seek to maximize K;= (1 - y)m +v;Vi,
given any ;> 0."" Furthermore, because manager i’s total compensation is given by
equation (2), owner i will set A; and t; so the manager’s participation constraint is
met, given K;. In other words, the investor will select the optimal y; that yields K; and
then set A;, and t; so that w; equals the manager’s opportunity cost (in expectation).
This indicates w; can be treated as a fixed cost that does not vary in terms of the
incentive parameter of interest y;. This suggests that A; and t; will be set to ensure the
manager’s participation constraint is met; therefore, these variables are of little inter-
est. More importantly, this indicates the value of vy; that maximizes expected firm
value net of the manager’s compensation is the value that maximizes the expected
firm value shown in equation (1)."

condition their managerial incentives on more readily available information such as profits
and market value.

! The assumption of risk neutrality is not a strong one in our linear contract setting, and our
findings remain intact even if it is removed. The manager’s risk preferences only influence the
decision to accept or not accept the investor’s compensation contract. Once the contract is
accepted, all uncertainty is resolved for the manager. (The manager sees the realization of the
demand variable x.) If a manager is risk averse, however, he or she will have to be compen-
sated at a higher level to accept the contract, i.e., a risk premium will have to be added. The
owner/investor can adjust A; and t; in equation (2) so the manager’s participation constraint is
met even in the case of risk aversion (albeit at higher levels than the risk-neutral case). Thus, a
risk-averse manager still would seek to maximize K;, the linear combination of net cash flows
and the firm for any positive ;.

12 Because the maximization of expected firm value net of the manager’s compensation is
equivalent to the simple maximization of the expected firm value, the objective function of the
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The main question that our model addresses is the type of managerial incentives
v; that investors optimally would choose, i.e., the form of the contract. The incentive
v; can be viewed as the weight that the investor instructs the manager to place on
value maximization versus net cash flow maximization. Equivalently, y; can be
viewed as the weight that managers place on the investor’s disutility of risk. This can
be seen by noting that the difference between equations (3) and (4) is given by the
term o0;(q;). Empirical financial research suggests that the covariance 6; and its
associated beta coefficient (systematic risk) are generally positive. Thus, we can
interpret 0.0;(q;) as investor cost or premium associated with risk.'® If managers take
this risk cost fully into account, y; = 1. As vy; is reduced below 1, managers place less
weight on this risk cost. Conversely, as y; is increased above 1, managers place more
weight on risk costs than the true value.

Conventional wisdom would suggest that risk-averse investors would set y; = 1,
so the manager would maximize firm value. Managers would be instructed to take
into account the actual risk preferences of the investors. This type of reasoning often
is used in financial models to argue that the firm’s or the manager’s goal will be the
maximization of firm value rather than profits when investors are risk averse. This
argument, however, ignores the strategic commitment value of managerial incentive
contracts. For example, by decreasing y; below 1, investors may be able to induce
their manager to act more aggressively and capture a larger market share. Hence, as
we show in the next section, even when risk-averse investors care only about maxi-
mizing expected firm value (1), they will instruct their managers to place some
weight on the maximization of net cash flow (profits) due to the strategic industry
effects of managerial incentives.

Optimal Managerial Incentives for Risk-Averse Investors

As is typical in game theoretic models we solve the problem in reverse order to
ensure the resulting equilibria are subgame perfect. In the second stage, from equa-
tions (2), (3), and (4) we know the manager of firm i will seek to maximize:

K= (1-ypm + viVi = p(Q, X)q; - ¢i(qs) - vi a0i(qs), (%)
through the choice of an output level g;. Assuming Cournot behavior in the output
market, the first order condition for this problem yields:

p(Q, x) + po(Q, X)qi - ¢i'(q) - vi 6i'(q)) =0  foriandj. (6)
Assuming an interior solution (6) gives the equilibrium conditions for the second
stage of the game, recognizing that the managers of the two firms can observe the

investor in stage one is assumed to be given by equation (1), recognizing that, strictly speak-
ing, it is equation (1) net of the compensation paid to the manager. We also suppose that
E[8V;] is strictly concave in v; to ensure the resultant solutions are global maximums.

13 The sign of 6; is not important in the model. Interpreting 0.0;(q;) as a risk cost, i.e., as a posi-
tive function, is convenient for expositional purposes. The model’s conclusion are unchanged
if the covariance is negative.
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realization of the random demand shock x and each other’s managerial contract.'
Further, equation (6) shows that managers will select their production levels
depending upon the incentives given to them by their respective investors. As noted
in the previous section, the incentive parameter y; can be interpreted as the weight
that managers are told to place on the risk cost of investors. As y; is lowered, manag-
ers will place less importance on this cost.

To solve for the investors’ optimal choices of y; at the first stage of the game, we
need know how the equilibrium values of q; and q. change as the incentive parame-
ters are varied. Thus, we implicitly differentiate the system in equation (6) and use
Cramer’s rule to obtain:"

aq; o ,0;
P )
i [
0q; _ _ (Pg +pQqu)ae; ®)
o, [ ’
where:
|J | = The determinant of the Jacobian matrix of the system; and

@ = (2pq tPaqq; - ¢;-viot 6;7).

Equation (8) shows the strategic commitment effect of managerial incentive
contracts from an investor’s perspective. Investors can not only influence their own
manager’s choice of output, but also can influence their rival’s choice. It is the exis-
tence of this strategic output effect that will imply that a risk-averse investor will not
wish his or her manager to maximize firm value and will choose a y; that is not equal
to 1. Thus, due to the firm’s market power in the output market, investors may move
their manager away from pure value maximization. To more fully examine the
impact of this strategic factor, we need to examine the sign of the strategic effect.

By second order conditions, (pj < 0. We also know (pg +pooq.) <0 as long as
each firm’s marginal revenue is decreasing in its rival’s output. We further assume

' Note that if the realization of x is low enough, the optimal solution will imply ¢; = 0 (e.g.,
price may be below marginal cost for all q; > 0), regardless of the second order conditions. To
avoid this complication, the analysis assumes that the lower support X is large enough to rule
out corner solutions where production is optimally zero. In addition, equation (6) does not
necessarily provide a unique solution. As Tirole (1988, p. 226) shows, a sufficient condition
for a unique solution (in a standard two firm Cournot model) “is that the derivative of the
reaction functions must be less than 1 in absolute value over the relevant range.” In our model

this implies that
5217
h
is sufficient for uniqueness.
!5 See the appendix for a detailed derivation of equations (7) and (8) and the Jacobian matrix.
Specifically, see equations (A1) and (A2).

5k

> Jana,
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that the equilibrium is stable so that |J| > 0.'® Thus, the signs of equations (7) and (8)
are dependent upon the sign of 0;'(q;). As noted previously, typically one would sus-
pect that the covariance between firm i’s profits and the total cash return of the
market portfolio would increase as the firm’s market share grows. Thus, 6;' in most
cases would be positive, implying that

oq; 0q ;
i<0andi > 0.

In this case as y; decreases firm i’s manager will act more aggressively and reduce its
rival’s market share

0q;

—1s0].

oy

On the other hand, if covariance between the firm’s profit and the total cash return of
the market portfolio is decreased by a larger market share, then 6;'(q;) < 0, and con-
sequently,

%<0

1
In this case firm j’s market share decreases as v; increases. With this in mind, we can
move to the first stage of the game to analyze investors’ choice of managerial incen-
tives.

Because investors cannot observe the realization of the stochastic demand vari-
able x and are risk-averse, they will seek to maximize the expected value of the firm
(rather than expected profit). Investor i will maximize equation (1), recognizing that
the managers’ reactions in the second stage quantity-setting equilibrium is implicitly
determined by equations (7) and (8). In other words, investor i rationally recognizes
that both managers’ choice of output is influenced by his or her choice y;. The
maximization of equation (1) subject to equations (7) and (8) implies:"’

OE[dV. X ' ' aa.
E[ay\,/l] =3 [{p(Q’X)"'pQ(QsX)ql'_Ci(Qi)_Olei(qi)}i

i

aq .
+1po(Q.x)a;} %]f(x)dx =0 foriand j. 9)

1

remembering that q; and q; are implicitly functions of the random variable x.

' Stability suggests that the firm’s reaction functions must cross appropriately. Seade (1980)
and Dixit (1986) show that this is closely related to second order conditions. Most commonly
used demand and cost functions would imply [J| > 0. For example, with linear demand
p=x-bQ, constant marginal production costs, and a constant marginal cost of risk:
] =3b%>0.

'7 See the discussion in the appendix for a more complete derivation of equation (9).
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The derivatives in equation (9) show the two effects of investors’ choice of
managerial incentives: the direct impact on the investors’ own manager’s output
choice and the strategic influence it exerts on the rival manager’s choice of output.
Hence, equation (9) immediately reveals that if strategic effects are present

b
;i

a risk-averse investor will not instruct his or her manager to maximize the value of
the firm. Investors will move the firm’s managers away from pure expected value-
maximizing behavior for strategic purposes. As long as the covariance between firm
profits and the total cash return of the market portfolio is an increasing function of
market share (0;'(q;) > 0), equations (6), (8), and (9) suggest that investors will opti-
mally choose y; < 1. '®

Proposition: Risk-averse investors optimally will provide incentives that move
the firm’s manager away from pure value maximization toward profit maximization
as long as the covariance between firm profits and the total cash return of the market
portfolio is increased by larger market shares.

Proof: If managerial incentives imply strict value maximizing behavior then
11 = 1. Evaluating equation (6) with y; = 1 and substituting this relation into equation
(9) implies:
OE[&V;]
;i
because the first bracketed term in equation (9) vanishes at the optimal quantity
level. This establishes that it is not optimal for investors to set y; = 1 given the exis-

tence of the strategic effect, i.e., when

8qj
— #0.
oy

i

X 0d; :
= 8[{p(Q, x)q; g} f(x)dx #0, 9"

1

Moreover, if 01'(qi) > 0 then equation (8) implies that

'8 As an anonymous referee correctly argues this proposition is sensitive (as most game theo-
retic models are) to the type of competition (price versus quantity) in the output market. As
Sklivas (1987) and Fershtman and Judd (1987) show, with differentiated products and price as
the manager’s choice variable, the manager will tend to act less aggressively rather than more
aggressively. Thus, it is the existence of any strategic effect, be it price- or quantity-driven,
which will cause a divergence between observed firm behavior and investor risk preferences
in our model. The likely result of Bertrand competition would be a distortion away from pure
value maximization in the opposite direction (y; > 1) as compared to our Cournot findings in
this proposition.
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oq ; E[SV.
i > (0 and we see that M
i i

when evaluated at y; = 1 (regardless of the value of y; ). Because E[5Vi] is strictly
concave in y;,

<0

OE[dV;]
;i
is decreasing in v;, which indicates that investors will optimally decrease y; below 1
to ensure

OE[6V;] _
o
in equilibrium. A similar analysis may be applied to investor j. Thus, as long as the
covariance between firm profits and the total cash return of the market portfolio
increases with firm output, risk-averse investors optimally will select y; < 1 and
n<l

The proposition and its proof indicate that risk-averse investors may strategi-
cally move the firm’s manager toward expected profit maximization. If the
covariance 0 1is increased by larger market shares, investors will instruct their
respective managers to act more aggressively by ignoring, at least in part, investors’
true risk preferences. This aggressive behavior, ceteris paribus, tends to reduce the
rival’s market share.'” We would expect 0 to be greater in cases where strategic
effects are present than in cases where the strategic effect vanishes (e.g., perfectly
competitive output markets).

This suggests that we cannot necessarily assume that risk-averse investors
would wish to design contracts or base an executive’s compensation exclusively on
maximizing firm value. Even though investors may be risk averse and require a risk
premium, for strategic purposes they may want firm managers to ignore some of the
risk cost associated with production.*’

The results are unchanged even if the model is generalized by relaxing the
assumption that the firm is small in relation to the capital market, i.e., the firm is a

0

' As we mentioned earlier, empirical financial research indicates that we often can interpret
a0i(q;) as the cost or premium associated with investors’ risk. Thus, Shaffer’s (1991) finding
that 6;'(q;) is typically positive would imply that any weight placed on profit maximization
would tend to lead to higher output levels than consistent with value maximization because
value maximization has an additional cost of output associated with it. Hence, in this typical
equilibrium we know that if y; < 1 and y; < 1 the total industry output produced will be greater
than under pure value-maximizing behavior.

2% On the other hand, if the covariance is decreased as market share increases (6;'(q;) < 0), it is
easy to show that investors will instruct managers to act more aggressively by increasing v;
above 1. Here, managers act as if the risk premium associated with investors is greater than its
actual value, i.e., sety; > 1 and y; > 1, as the covariance is decreased as output increases.
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risk price-taker (o is a constant). If we let the per unit market price of risk o vary,
then the strategic effect shown in equation (8) becomes:

04; _ (pq +Pood;)@d; +0;a)
or; [
where the determinant of this new system still is assumed to be positive for stability.
As long as 0;0'(q) has the same sign as 6;'(q), the conclusions of the model are not
affected. If these signs differ, then the optimal managerial incentive selected by
investors will vary from strict value-maximizing incentives (i.e., from 1) depending
upon the magnitude of these terms. In other words, the sign of
0q
v
will depend upon the strength of the opposing terms.
Similarly, if we relax the assumption that a firm’s covariance only depends on
its own output, i.e., if we assume 0;(q;, q;), it implies that equation (8) contains an
additional term:*'

% _ aql Q QQ™j J an 6(11
ov; Y
Our results are unaffected here as long as the added term (which captures the inter-
dependence of the firms’ covariances at the margin)
0%0;
e
09 ;0q;

does not change the sign of the term in the parentheses. Thus, if this term is a rela-
tively small positive value or negative, it is still true that in stable equilibria when
manager i acts more aggressively (y; is decreased) it reduces its rival’s market share
assuming

D -,

aq;
Note also that if 0;(q;, q.), equations (9) and (9") also contain an additional term due
to the direct impact of tfle rival’s output level on the covariance. In particular, equa-
tion (9') becomes:

OE[3V,] NN

o 61{(pQ<Q, x)q, 7, )55} f(x)dx.

This equation indicates that our main proposition is unchanged as long as

21 To focus on the impact of allowing a firm’s covariance to depend on a rival’s output level
we assume that o is constant once again.
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% >0 and po(Q, x)q; - OL% <0.
0 aq;
In most cases it would seem that a firm’s impact on its rival’s covariance would be
relatively small vis-a-vis its impact on the rival’s demand curve, ensuring these con-
ditions will hold. In addition, even if these conditions are not satisfied, it means that
an owner’s optimal managerial incentive will vary from 1 (strict value-maximiza-
tion) depending upon the magnitude of these additional terms. Even in cases where
we allow one firm’s output choice to directly impact its rival’s covariance, our result
that managerial incentives tend to diverge from pure value-maximizing behavior still
holds.

We could generalize the model further by allowing more than two firms in the
industry. The model will become significantly more complicated, but the strategic
effect would still be present (assuming a finite number of firms), and managerial
incentives still would diverge from strict value-maximizing behavior. This indicates
that in an imperfectly competitive environment, we generally would expect the stra-
tegic manipulation of managerial incentives

[%i OJ .
or;

These extensions suggest that investors in imperfectly competitive industries
may use managerial incentives strategically if: 1) the covariance between the firm’s
profit and the return of the market portfolio is influenced by market shares, and
2) the market price of risk is not constant. Risk-averse investors will not necessarily
wish managers simply to take into account the investors’ actual risk preferences. We
would expect instead, most commonly, for executive incentive packages to be
structured such that managers act as if the investors’ are less risk averse than they
actually are. Firm behavior and the observed selection of risky projects may not be a
good measure of investors’ true risk preferences due to the distortions caused by
strategic industry effects. Our model suggests that one cannot assume that a firm’s
behavior will reflect the true risk preferences of investors due to the strategic use of
managerial incentives.”? This behavior by firms also may contribute to the “equity
premium puzzle” discussed by Mehra and Prescott (1985). While individual firms
may conduct riskier projects than would be expected, given investors’ risk prefer-
ences, these projects will increase the covariance between a firm’s profits and the
return of the market portfolio. If this strategic behavior increases the variance of the

22 Interestingly, Sobel (1981) shows that agents may wish to strategically distort their risk
preferences or utilities in a bargaining game. Our model indicates that we may expect an
investor to induce the manager to act as if the investor’s risk is different than it truly is. Both
models indicate that individuals may disguise their true risk preferences for strategic purposes.
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market portfolio, however, the equity premium may be higher than that expected by
the degree of risk aversion.”

In addition, in our model changes in product demand or costs would tend to
influence the managerial incentives selected because equations (7) and (8) depend
upon demand and costs. The change in managerial incentives in turn would affect
the output choice of managers and the covariance between a firm’s profits and the
return of the market portfolio. Hence, in the simplest case when time series data are
used to estimate and test the CAPM, these structural shifts would lead to time-vary-
ing beta coefficients. In other words, if 6 tends to be larger when strategic effects are
present and these strategic effects are influenced by demand and cost, we would
expect time-varying beta coefficients due to changes in demand and costs. If the
structural shifts are not incorporated into the estimation procedure or if structural
stability tests are not employed, results from these tests may not be reliable. This
problem also occurs when the estimation techniques incorporate autoregressive con-
ditional heteroskedasticity (ARCH).?* In this case, changes in managerial incentives
would be expected to lead to structural changes in the underlying ARCH process.

Finally, our results may help explain why managers do not necessarily choose
investments that maximize firm value or profit. Due to strategic effects, managers
may appear to maximize neither firm value nor profit.

Concluding Remarks

We examine a simple two stage duopoly model where in the first stage risk-
averse investors select the optimal incentives to provide to the firm’s managers, who
subsequently in the second stage select a production level. Our analysis suggests that
researchers cannot assume that risk aversion implies that investors will wish con-
tracts, incentives, and managerial compensation to be based purely on maximizing
firm value. Further, it indicates that one cannot immediately infer the risk prefer-
ences of investors by examining firm behavior. Firms may act as if the investors’
disutility from risk is lower than it actually is due to industry strategic effects. In
addition, when strategic effects are present, shifts in product demand and cost will
have direct impacts on the observed covariance between firm profits and the total
cash return of the market portfolio, suggesting that the beta coefficients will tend to
be time varying. Therefore, care must be taken in the estimation and interpretation of
tests of the CAPM.

In summary, the type of managerial incentives preferred by investors is linked
closely to the industry structure in which the firm operates and, in general, cannot be
ignored when analyzing investor behavior. Although we used a purely non-coopera-

2 Because this speculation is subject to a possible fallacy of composition, the effect of
individual firm’s strategic behavior upon the market portfolio would need to be explored in a
general equilibrium setting.

** For examples, see Ng (1991) and Bodurtha and Mark (1991).
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tive Cournot framework, one would suspect that a more collusive/cooperative
framework (where some form of joint value maximization were the objective rather
than individual firm value) also may reveal a link between market structure and
investment behavior. Likewise, a Bertrand price-setting framework undoubtedly
would show a link between the two.

Our model and other principal agents models focusing on the strategic use of
managerial incentives assume that ownership and control are separate. An interest-
ing, although perhaps difficult, extension would be to allow for an endogenous
determination of the separation of ownership and management in a three stage game.
This would allow a rich environment for analyzing risk sharing and other forms of
agency problems not possible in the current two stage model. For example, to
remove all risk, investors could sell the firm to the risk-neutral manager. An
interesting question immediately arises: would the rival investor also like to sell his
or her firm to the manager?

From a strategic standpoint, it is not obvious that the rival investor’s best
response would be to sell the firm. We speculate that by keeping ownership and
management separate, rival investors could give their managers commitment ability,
allowing the managers to act as Stackelberg leaders in the output market. This would
tend to enhance rival investors’ expected profit or firm value. This increase in
expected profit would have to be weighed against investors’ risk costs of
maintaining ownership to ascertain whether selling the firm in this expanded game is
optimal. There are also constraints, such as capital market constraints, that would
make it difficult or impossible for owners to sell the firm to the manager. Addition-
ally, the risk preferences of the manager also may come into play in a more
expanded game. If the manager is risk averse, the optimal type of contract offered by
the owner in an expanded principal agent setting (where compensation contracts are
not restricted to a linear space) likely will be affected. These sorts of three stage
strategic models are beyond the scope of the current analysis, however, and are left
for future research.
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Appendix

In this appendix we provide the full system and Jacobian matrix for equation (6)
and derivation of equations (7), (8), and (9).

The system of first order equations for the two firms [found by differentiating K;
and K; shown in equation (5)] is:

oK : ' '
=) 1P Q. 1)a; ~€i(a,) 300} () =0
(A1)
aKJ ' !
a =p(Q,x) +p(Q,x)q; —c¢;(q;) —v;a8(q;) =0.

]
System (A1) is the complete systems for equation (6). Implicitly differentiating (A1)
with respect to the managerial incentive parameters y; and yields:

9
2pq +Pgodi —¢i — a6, Pq T Pqodi or; _ a0 (A2)
PQ *Pdj 2pq +Paod; —¢j —ar;9; || i

1
where the first matrix in (A2) is the Jacobian matrix of the system. Using Cramer’s
rule to solve for

. oq :
A g i

o v
in (A2) gives equations (7) and (8).

To see the derivation of equation (9), note that in the first stage of the game the
investor correctly will anticipate that the manager’s output decisions depend upon
the compensation parameter v;. In other words, investor i knows that q;(v;,v;,X)
and q;(y;,v;,x) in the investor’s objective function (1). Furthermore, investor i
rationally recognizes that

g

o o
are determined implicitly by (A2), [i.e., equations (7) and (8)]. We directly can dif-
ferentiate equation (1) with respect to v;, using Leibniz’s formula and the chain rule,
which gives equation (9).
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