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This article develops an integrated model of asset pricing and moral hazard. It is
demonstrated that the expected dollar return of a stock is independent of managerial
incentives and idiosyncratic risk, but the equilibrium price of the stock depends on
them. Thus, the expected rate of return is affected by managerial incentives and
idiosyncratic risk. It is shown, however, that managerial incentives and idiosyncratic
risk affect the expected rate of return through their influence on systematic risk rather
than serve as independent risk factors. It is also shown that the risk aversion of the
principal in the model leads to less emphasis on relative performance evaluation than
in a model with a risk-neutral principal.

Principal-agent models are typically developed in the absence of a multi-
asset equilibrium as well as under a risk-neutral principal. As a result,
optimal contracts are based on firms’ cash flows or accounting measures
rather than their market values. For example, Holmstrom (1982) dis-
cusses relative performance evaluation (RPE), in which an agent’s com-
pensation depends not only on his own performance but also on the
performance of others. He finds that RPE improves welfare, because it
can be used to filter out common risk from agents’ compensation. Baiman
and Demski (1980) and Diamond and Verrecchia (1982) obtain similar
results in more specialized settings.

The RPE with respect to the market portfolio has been the focus of
extensive empirical testing, but the evidence has been mixed." Specifically,
the empirical studies have focused mainly on the implicit relation between
Chief Executive Officer (CEO) compensation, firm performance, and
market and/or industry performance. In the absence of an asset-pricing
model, the hypothesis is that if the stock price of a firm is positively
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correlated with the market portfolio, then its executive compensation
should be negatively related to the performance of the market portfolio.
On the one hand, Antle and Smith (1986), Barro and Barro (1990), Jensen
and Murphy (1990), Janakiraman, Lambert, and Larcker (1992), Aggar-
wal and Samwick (1999a), and Bertrand and Mullainathan (2001) find
little evidence of RPE. Aggarwal and Samwick (1999b) even find positive
RPE in some cases. On the other hand, Gibbons and Murphy (1990),
Sloan (1993), and Himmelberg and Hubbard (2000) find empirical sup-
port for RPE. Summarizing the empirical findings, Abowd and Kaplan
(1999) and Prendergast (1999) have identified the lack of widespread use
of RPE in executive compensations as an unresolved puzzle.

Because a corporate executive’s compensation is typically based on the
market value rather than the accounting measures of the firm, the afore-
mentioned empirical tests and other tests in the principal-agent literature
often employ the market price of the firm, whereas theoretical predictions
are based on the cash flow of the firm as well as a risk-neutral principal.
Principals or investors are certainly risk averse with respect to the market-
wide risk, because the market-risk premium has been nonzero. Because
accounting measures are realized ones while market values are based on
investors’ expectations about the future cash flows or dividends condi-
tional on the current information, theoretical predictions based on the
accounting measures may differ from those based on the market values.
In addition, the empirical tests often use the total risk of a firm’s market
value without distinguishing between idiosyncratic risk and systematic
risk, which cannot be defined rigorously in the absence of an equilibrium
asset-pricing model. It is known that a more volatile cash flow does not
necessarily result in a more volatile market price and that a higher total
risk does not necessarily mean a higher idiosyncratic risk, which may play
different roles in the determination of managerial incentives. Conse-
quently, without considering the distinction between idiosyncratic risk
and systematic risk, the tests of agency results, such as the negative
association between managerial incentives and risk, may be flawed.

To bridge the gap between theoretical modeling and empirical testing in
the principal-agent literature as well as to provide more precise guidance
of empirical testing, it is important to develop an integrated model of
equilibrium asset pricing and moral hazard. In particular, it would be of
interest to determine in an equilibrium multi-asset framework whether
previous results under cash flows or accounting measures still hold under
market prices and whether the previous result on RPE is robust with
respect to risk-averse principals.

On the other hand, in many equilibrium asset-pricing models, the cash
flow or dividend processes are specified exogenously by either normal or
lognormal processes. For example, the Capital Asset Pricing Model
(CAPM) of Sharpe (1964), Lintner (1965), and Mossin (1966) shows
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that the expected excess return of a stock is linearly related to the expected
excess return of the market portfolio. The slope coefficient in this rela-
tion, S, is defined by the ratio of the covariance between the asset and
market returns to the variance of the market return.” Thus, managerial
incentives and certain firm characteristics, such as idiosyncratic risk, play
no role in the determination of expected asset returns.

In reality, however, a firm’s cash flows are owned by its investors or
shareholders but influenced by its manager, who cannot fully hedge
against the firm’s idiosyncratic risk. Because the interests of the manager
(the agent) and the shareholders (the principal) may not be perfectly
aligned, there exists a potential moral hazard problem. This conflict raises
two key questions. First, does the linear relation between the expected
excess return of an asset and the expected excess return of the market still
hold? Second, do the manager’s compensation and individual firm char-
acteristics affect expected asset returns in the presence of moral hazard?

The objective of this article is to develop an integrated model of asset
pricing and moral hazard.? In particular, using the CAPM as a bench-
mark, we develop an equilibrium asset-pricing model in the presence of
moral hazard as well as a multi-agent moral hazard model by allowing
principals to be risk averse and to trade in the financial market. Following
Holmstrom and Milgrom (1987), we adopt a continuous-time framework
for its convenience in the derivation of optimal contracts.* We explicitly
characterize equilibrium asset prices, expected asset returns, and optimal
contracts under certain assumptions. It is important to have closed-form
solutions to determine whether the CAPM relation holds and to under-
stand how both the risk aversion of a principal and the risk exposure of
an asset affect RPE as well as how a manager’s compensation affects the
expected asset return.’

This article shows that the optimal sharing of systematic risk between
risk-averse investors and risk-averse managers reduces the magnitude of
RPE. On the one hand, because systematic risk can be inferred by inves-
tors in a large economy,® investors would like to reduce the risk-averse
manager’s exposure to this risk by the use of RPE (a negative coefficient in
front of the market portfolio in the manager’s compensation). On the

2 See Ross (1976) for the Arbitrage Pricing Theory.

3 See, for example, Brennan (1993), Dow and Gorton (1997), Allen (2001), Arora, Ju, and Ou-Yang (2001),
Cuoco and Kaniel (2001), Mamaysky and Spiegel (2001), and Cornell and Roll (2004) for integrated
models of asset pricing and delegated portfolio management, which may also involve moral hazard
problems.

4 Because the linear contract is typically not optimal in a one-period principal-agent model [see, e.g.,
Mirrlees (1974) for details], we deduce optimal contracts from a larger contract space.

> In the absence of closed-form solutions for the expected returns and optimal contracts, for example, it
would be difficult to determine accurately the impact of idiosyncratic risk and managerial incentives on
the expected profits and expected asset returns.

© We define a large economy as the one, in which the number of risky assets approaches infinity.
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other hand, unlike risk-neutral investors who can bear all of the systematic
risk, risk-averse investors must share it with risk-averse managers, which
results in a positive coefficient in front of the market portfolio. Conse-
quently, the magnitude of RPE in this case is smaller than the value
obtained in previous models, in which the principal is risk neutral. Speci-
fically, we show that RPE is determined by the risk aversion of both
investors and managers as well as the ratio of the standard deviation of
the firm’s market value to that of the market portfolio. For example, the
RPE can even be positive if the ratio of the two standard deviations is
small enough or if the manager is not too risk averse. In general, RPE can
be negative or positive. Therefore, if a cross-sectional regression is per-
formed for the test of RPE, the coefficient in front of the performance of
the market portfolio may well be insignificant. Furthermore, we show
that, under certain conditions, the optimal contract is a linear combina-
tion of the stock price and the level of the market portfolio, justifying the
use of market prices in empirical studies. We also show that the manager’s
pay-performance sensitivity (PPS), which is defined as the fraction of the
firm owned by the manager, depends on the idiosyncratic risk rather than
the total risk of the cash flow process and that RPE depends not only on
the firm’s systematic risk but also on its idiosyncratic risk.”

When both principal and agent have exponential utility functions and
cash flow processes are normal, we find that the expected excess dollar return
of a stock less the expected compensation to the manager is linearly related
to the expected excess dollar return on the market portfolio. Similarly, 3 is
given by the ratio of the covariance between a firm’s stock return and the
market return to the variance of the market return, with both the stock
return and the market return adjusted for the compensation to managers. In
particular, the expected dollar return of a stock is found to be independent of
its manager’s PPS and the firm-specific risk. This result suggests that, even
under moral hazard, the notion of idiosyncratic risk in terms of the expected
dollar returns remains the same as in the original CAPM.

When investors are risk neutral, the use of RPE completely filters out
systematic risk from the manager’s compensation. With risk-averse investors,
the optimal contracts show that, in equilibrium, investors and managers
share systematic risk optimally, as if there were no moral hazard, and the
incentive part of the contract involves only firm-specific risk. In other words,
the firm-specific risk and systematic risk are completely separate from each
other in the manager’s compensation. Because of the separation of these two
types of risks, the PPS and firm-specific risk do not affect the expected dollar

Almost all the empirical tests of the negative association between PPS and risk employ total risk. Two
exceptions are Jin (2002) and Garvey and Milbourn (2003), but their approaches assume that in the
presence of moral hazard, the CAPM beta holds for the expected rate of return. Their calculations of beta
would have been justified by the current article if dollar returns had been used.
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return, which depends on the covariance between the dollar return of the
individual stock and that of the market portfolio.

In the exponential-normal case, we also show with closed-form solu-
tions that when a firm’s exposure to systematic risk hypothetically
vanishes but its firm-specific risk remains, its expected excess dollar return
is zero and its expected rate of return reduces to the risk-free rate. This
means that idiosyncratic risk is not an independent risk factor, because
moral hazard exists even in the absence of systematic risk. Furthermore, it
implies that only investors’ risk aversion toward undiversifiable risk
matters for expected asset returns. Another example is when investors
are risk neutral but managers are risk averse, there still exists moral
hazard problem. We show that the expected asset returns again reduce
to the risk-free rate, because risk-neutral investors are unconcerned about
systematic risk. This result illustrates that, in the case of risk-neutral
investors, managerial incentives do not affect the expected rate of return,
because the expected excess dollar return is always zero. It clarifies the
implications of the models of Diamond and Verrecchia (1982) and
Holmstréom (1982), both of which consider risk-neutral principals but
suggest that idiosyncratic risk affects expected asset returns. These two
examples highlight the limitations of the previous literature both under a
risk-neutral principal and in the absence of a multi-asset equilibrium.

The PPS and the firm-specific risk, however, do affect equilibrium
stock prices. The higher the PPS, the higher the manager’s effort, and
thus, the stock price is higher in equilibrium. If we define the risk pre-
mium of a stock as the ratio of its expected excess dollar return to its
current stock price, then the risk premium decreases with the manager’s
PPS. Similarly, after controlling for certain variables, the higher the
idiosyncratic risk, the lower the equilibrium asset price, thus the risk
premium is higher. Notice, however, that these results make sense only
when the stock prices are positive.

We further argue that managerial incentives and idiosyncratic
risk may affect expected asset returns under log-normal cash flow pro-
cesses and general utility functions.® A key insight of this argument is that
even if a cash flow follows a log-normal process, once a manager’s
compensation is introduced, the equilibrium stock price no longer follows
a log-normal process.” In particular, the volatility (both systematic and
idiosyncratic) of the stock price return process depends on both the
manager’s cash compensation and the level of the stock price itself. It is
true that because investors can diversify across firms, firm-specific risks
may not affect the expected return in a direct manner. However, the

8 For simplicity, “expected return” means the expected rate of return.

° In general, the equilibrium stock price may not follow the same factor model and distribution as the
original cash flow process. We thank a referee for this insight.
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manager’s compensation and firm-specific risk affect expected asset returns
indirectly through the stock price, just as in the exponential-normal case.

Early developments in the valuation of assets under moral hazard
include the one-period models of Diamond and Verrecchia (1982) and
Ramakrishnan and Thakor (1984). Diamond and Verrecchia derive an
optimal managerial contract in an equilibrium model in which identical
risk-neutral investors trade between a riskless bond and a risky stock.
They show that systematic risk is completely removed from the manager’s
compensation scheme. They also show that a risk-neutral investor can
earn a higher expected dollar profit by adopting a project with a lower
idiosyncratic risk. Because their model considers only one risky asset and
risk-neutral investors, the role of idiosyncratic risk in expected asset
returns cannot be rigorously addressed and a CAPM-type relation cannot
be obtained. Ramakrishnan and Thakor (1984) extend the Diamond-
Verrecchia model to incorporate a risk-averse investor in an environment
with normally distributed asset returns.'® They show that in the absence
of moral hazard, managers are insured against idiosyncratic risks, but
when moral hazard is included, contracts depend on both systematic and
idiosyncratic risks. Ramakrishnan and Thakor demonstrate their results
in a partial equilibrium that assumes that the Arbitrage Pricing Theory
holds with moral hazard. Their model also assumes that the expected
return on an asset increases with the agent’s effort level.

Our model may be viewed as an extension of Holmstréom and Milgrom
(1987) in the presence of both multiple agents and principal who can trade
in a securities market as well as an extension of Diamond and Verrecchia
(1982) in the presence of risk-averse investors and multiple risky assets.
Our approach also generalizes the Ramakrishnan-Thakor framework by
deriving an asset-pricing model in the presence of moral hazard; however,
we assume that the cash flow process of an asset, rather than the expected
return on an asset, increases with the agent’s effort level.

In summary, this article develops the first equilibrium model of asset
pricing and moral hazard in a large economy, in which both a CAPM-type
linear relation for the expected asset returns and optimal contracts that
involve RPE are explicitly characterized. Some of our equilibrium results
suggest that partial equilibrium models may lead to incorrect conclusions.
First, in the exponential-normal case, the equilibrium expected dollar
returns are independent of idiosyncratic risk, whereas they increase with
idiosyncratic risk in partial equilibrium models. Second, when investors
are risk neutral or when systematic risk is hypothetically absent, the
equilibrium expected rates of return for all risky assets reduce to the
risk-free rate, whereas partial equilibrium models obtain that they

9Ty Diamond and Verrecchia, the uniform distribution for the systematic risk factor is adopted for
tractability in the derivation of the optimal contract.
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increase with idiosyncratic risk. Third, a striking result derived from our
equilibrium is that managerial incentives and idiosyncratic risk do not
serve as independent risk factors. Instead, they affect the expected rates of
return through their influence on systematic risk. In addition, we consider
a large economy in which the number of assets approaches infinity. Given
such an economy, we can attribute the potential impact of idiosyncratic
risk and managerial compensation on expected asset returns to agency
problems rather than investors’ lack of diversification. In models in which
investors cannot hold fully diversified portfolios, idiosyncratic risk con-
tributes to expected asset returns even in the absence of agency problems.

The rest of this article is organized as follows. Section 1 describes the
model. As a benchmark case, Section 2 reviews the CAPM linear relation
in the absence of moral hazard. The expressions for expected returns,
equilibrium stock prices, and optimal contracts in the presence of moral
hazard are derived in Section 3. Section 4 examines the robustness of the
results under log-normal cash flow processes and general utility functions
as well as under endogenous interest rates. Some concluding remarks are
offered in Section 5. All proofs are given in the appendix.

. The Model

For the tractability of derivation of optimal contracts, consider a contin-
uous-time economy on a finite time horizon [0, 7]. The following assump-
tions characterize our economy.

Assumption 1. There are N risky assets and one riskless asset available for
continuous trading. The cash flow process of firm i is given by

dDy; = (A + I1;Dy,)dt + 6,.dB.; + 0;:dB;

1
E(Aif+H[Dif)dl+biDdBla lzls 2,"',N, ( )

with the initial condition that D;y= dj.

Here, the transpose of B, is defined as B,T = (Be, Bir, By -+ By),
representing a [l x (N+1)] vector of independent standard Brownian
motion processes; b;p is defined as b;p = (o4, 0,..., 0, g3. .., 0), which is a
[1 x (N + 1)] vector of constants, with the zero element and the ith element
being nonzero. Thus, the cash flow processes across assets are correlated
through the common Brownian motion B,,. 4;, denotes the effort or action

T
taken by the manager of the ith firm, where E0f|A,-t|2dt < 00. The manager
0

influences the cash flow process through his effort 4;, in the drift term."'

! The manager’s control 4; must be measurable and adapted to his information, which will be described
shortly.
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(A4;/D;,) +11, represents the expected growth rate of the cash flow process,
where II; is a constant. We interpret II; as the intrinsic growth rate of the
cash flow process: given the same level of effort, the cash flow of a firm may
intrinsically grow faster than that of another firm. For example, the cash
flow of a firm in a high-tech sector may grow faster than that of a firmin a
more mature sector, partly because of the differences in the nature of their
businesses.

For tractability, we have followed Holmstrom and Milgrom (1987) in
assuming that the manager’s action does not influence the diffusion rate
of the cash flow process. In that model, the output process is given by
A,dt + odB,, with 4, being the agent’s control and ¢ being a constant.'?
Because we shall solve for optimal effort 4} in closed form, in equili-
brium, it shall become clear that the above D, processes are well-defined
semimartingales and that there exist unique solutions to them. An unde-
sirable feature of this cash flow process is that it can take negative values.
As a result, the equilibrium stock price can take negative values. One can
make the probability of the cash flow reaching negative small by choosing
appropriate parameter values, so that the mean is large, and the variance
is small in equilibrium.

The riskless asset yields a positive constant rate of return r.

T
Assumption 2. The manager of firm i incurs a cumulative cost of [c¢;(t, A;,)dt
0
associated with managing the firm from time 0 to T. The cost rate is given by a
convex function.
1 2
Skl 43, ey
where ki(t) is a deterministic function of time t and where the marginal
cost rate increases with the level of effort, which helps guarantee a solution to
the manager’s maximization problem. k;(t) may serve as a proxy for a man-
ager’s skill, that is, the higher a manager’s skill, the lower the value of k;(t).

ci(t, Ai) =

At time 7, manager i receives a salary of S from the investors or
principals.'> Managers expend efforts for their respective firms and are
barred from trading securities for their own accounts. In other words, the
only source of income for managers is from the compensation paid by
investors. If we assume, as in Leland and Pyle (1977), Kihlstrom and
Matthews (1990), Kocherlakota (1998), Magill and Quinzii (2000),

12 See also Schittler and Sung (1993). In the absence of equilibrium asset prices, Amihud and Lev (1981),
Sung (1995), Guo and Ou-Yang (2003), Ou-Yang (2003), Cadenillas, Cvitani¢, and Zapatero (2004), and
Dybvig, Farnsworth, and Carpenter (2004) allow the agent’s action to affect the volatility of the output
process.

13 We shall use agent and manager, and principal and investor interchangeably.
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DeMarzo and Urosevic (2001), Urosevic (2001), and Acharya and Bisin
(2003), that the managers’ trades are observable to investors, then this
assumption can be enforced by a clause in the managerial contract. In
other words, investors can solve the trading strategies for managers and
enforce them through contracting. It shall be seen that even though man-
agers cannot diversify on their own, the optimal compensation schemes
provide each manager with a holding of his own firm for incentive purposes
and a fully diversified market portfolio for risk-sharing purposes.

Assumption 3. There are N managers, one for each of the N firms. Each
manager has a negative exponential utility function with a constant risk-
aversion coefficient R,. The manager may be interpreted as a representa-
tive of the management team including all top executives of the firm. The
exponential utility functions are assumed for tractability of the derivation
of optimal contracts. Notice that the N managers are not the same because
of different k;(t)’s in their cost functions. It is not essential to assume the
same risk-aversion coefficient for managers.

Given the investor’s contract S’., the manager expends effort so as to
maximize his own expected utility:

T
1 .

sup Ey —R—exp —R, | S} — Jc,-(t,Al-t)dt , (3)

{4y} a 0

where {4} ={A4;: 0<t< T} € Ao, wWith A 7 being the set of measurable
processes on [0, 7] adapted to the manager’s information satisfying
Ey fOT |A,~,|2dt < o0o. Following Holmstrom and Milgrom (1987), we assume
that there are no intertemporal consumptions by either investors or managers,
that managers receive their compensation at the terminal date only, and that

the manager’s budget constraint compels him to consume S — jg ci(t, Ay)dt.

Accordingly, we assume that there are no intertemporal dividend pay-
ments. Only at the terminal date 7 do investors receive cash flows, D;r,
and simultaneously compensate their managers S;7 based on the cash
flows generated. Theoretically, we can omit the discount factor for the
manager’s cost function. Because k,(¢) defined in Equation (2) is a general
function of time ¢, one can always write that k;(1) = e "k;(¢), with e
being the discount factor.

It is also assumed that each firm has one share available for trading and
that there is an unlimited supply of the bond.'* Denote by ft;; the number

14 Assuming that the bond is in zero-net supply, Section 5 determines the risk-free interest rate endogen-
ously in a one-period model.
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of shares for firm / demanded by investor j, u;; then represents the fraction
of firm i owned by investor j.

Assumption 4. There are N identical investors in our economy. Because the
market must clear at all times, in equilibrium, the N identical investors will
hold shares in all firms in the economy, that 1is, p;=1IN, or

S¥ iy =1,i=1,2,..,N.

This assumption is for tractability. Because investors can invest in every
stock in the economy, if they are heterogenous, they may want to induce
different effort levels for the manager of the same firm, or there may not
exist a proper objective function for a manager to follow. Here, we focus
on the conflict between investors and managers, thus ignoring the poten-
tial disagreement between shareholders themselves. See, for example,
DeMarzo (1993) for such a discussion.

All investors have a negative exponential utility function with a con-
stant risk-aversion coefficient R,. Each investor decides on the number of
shares to invest in the riskless bond and the risky stocks and designs
incentive contracts for managers to maximize the expected utility over her
terminal wealth:

1
sup Ep| ——-expq —R,

A} S Ry
subject to the managers’ participation and incentive compatibility con-
straints as well as the investor’s budget constraint to be stated shortly.
Here, A, = (A1, A -5 ANo)s o= (l1js 1)y - - - piny)> and S7({1}) repre-
sents the investor’s share of payment to the manager for holding {1, }shares
of the firm. In other words, an investor’s payment to a manager depends on
her ownership of the firm, to be specified in Assumption 6. A manager’s

participation constraint (PC) is that given S’ and the equilibrium effort

*
vector A4},

wr-% sa<{ut}>] }) 4)

i=1

T
1 , 1
E, — R SXP —R, S’T—Jc,-(t,A}‘l)dt z—R—exp(—Rasm), (5)

a a
0

where &, denotes manager i’s certainty equivalent wealth at time 0. This
constraint affords the manager a minimum level of expected utility that
the manager would otherwise achieve elsewhere in the labor market. The
manager’s incentive compatibility constraint is that given S’., the investor’s
equilibrium effort vector Aj satisfies every manager’s dynamic max-
imization problem. That is, 4}, maximizes
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T
1 .
Ey| — R—exp —R, | S} — Jc,—(t, Ay )dt , Vi. (6)

A

0

The investor’s budget constraint consists of her wealth process W, and
the condition that her terminal consumption is given by the terminal net
wealth, Wy — SN | SI.. The investor’s wealth process W, shall be given in
later sections where we solve for the investor’s and the managers’ max-
imization problems.

Note that, in the Homstrom-Milgrom (1987) model and many other
principal-agent models as well as in almost all of the asset-pricing models
under asymmetric information,'® the consumptions of all agents can be
negative. Following those models, we assume that the managers and
investors are required to consume their terminal wealth, positive or
negative, without the possibility of renegotiation. In the absence of this
assumption, managers and investors would prefer to consume nothing if
their terminal wealth is negative.'®

Assumption 5. Following the traditional asset-pricing literature where
exponential utility functions and normal cash flow processes are employed,'’
we assume that the equilibrium-pricing function is of the following linear
form:

N

P, = )»,‘0([) + Z)v,‘j(l)Dj,, (7)
Jj=1

where the coefficients A(t)’s are time-dependent deterministic continuous
functions, which shall be verified by the market clearing condition.

It shall become clear that the boundary conditions are given by
Lio(T)=0, 4(T)=1, and A,(T) =0 when i#j. Investors pay P; for asset
i at time ¢, with the understanding that they will compensate the manager
at time 7. When computing asset returns, one must take the manager’s
compensation into account.

For ease of exposition, we express the stock price vector in a compact
form as

dP; = apdt + bpdB;, (8)

!5 There is also asymmetric information regarding the agent’s effort in a principal-agent problem, that is,
the agent’s effort is not observed by the principal.

16 A more realistic setup would be to impose a nonnegativity constraint on the wealth and price processes,
but this constraint would render the solutions for the optimal contract and equilibrium price intractable.

17 See, for example, Campbell and Kyle (1993), Wang (1993), and He and Wang (1995). As in these articles,
the uniqueness of equilibrium will not be discussed.
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where a, is an (N x 1) column vector with the ith element given by

ap, = i) + Z L@ + [0 + Wy D}, i) = day,

and where b, represents an [N x (N+1)] matrix with the ith row
given by

N
b, =Y Jy(D)bip
=1

Recall that b;, is a row vector with (N+1) elements defined in
Equation (1).

Assumption 6. The compensations to the managers are described by

T T T
0 0 0

The functions g« 7T, Pr), gi(t, P,), and h(t, P,) describe the contract
space. We assume that ¢,(7, P,) is a continuous function on R and
that gz, P,) and h,(t, P,) are continuous functions on [0, 7] x R. The
continuity of these functions ensures that ¢i(7, Pr), g(t, P,), and
h{t, P,) are appropriately measurable and adapted to the investor’s
information set at time ¢ given by F,={D;, P, : s=1}."® Note that
hi(t,P;) and P, denote a row and a column vector, respectively.
Within the linear pricing function (7), D, and P, are interchangeable
in the contract form. Though the pricing function is constrained to
be linear, this contract space includes both linear and nonlinear
functions."®

We interpret dS! in Equation (9) as the investors’ share of payment to
manager i for holding one share of the stock within time interval [z, ¢ + dft].
One may interpret dS! as a negative-dividend payment to the investors for
holding the asset w1th1n time interval dr. dPi% = dP;, — e T~ dS! may
then be understood as the investors’ capital gains w1th1n dt. Consequently,
the current stock price will reflect the investors’ costs of compensating the
manager. This interpretation avoids a price jump right before the terminal

This contract space is adapted from Schittler and Sung (1993) and Ou-Yang (2003). We assume
that the standard conditions ensuring the existence of stochastic integrals described in those articles
are met.

This contract space excludes certain path-dependent functions of P, in the coefficients g{z, P,) and
hi{t, P,), because we shall use the dynamic programming approach to solve both the investor’s and the
manager’s maximization problems.
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date, that is, the price of stock i will be D;z rather than (D;r — S%.) at time
T. For example, if an investor decides to hold a stock for the time interval
[T—dt, T] only, she should not be responsible for the entire manager’s
compensation S’., which rewards the manager for work within the entire
contract period [0, 7). In equilibrium, however, one will have the condition
that Z/AL | kii(2) = 1 or that investors own the firm at all times. Therefore,
the investors as a whole will be responsible for the entire compensation to
the manager of every firm.
We refer to the model setup as the exponential-normal case.

. An Exchange Economy in the Absence of Managers

First, consider a benchmark case, in which the 4;’s in the cash flow
processes are exogenously given or in which there are no managers.
The asset prices and expected returns are completely determined by
both the cash flow processes and the investors’ demand for risky
assets.

The excess dollar return for holding asset i within time interval df is
defined as

int = dPi[ — VPjtdt.
Substituting the linear pricing function (7) for P;, into the above expression,
one gets
N
dQi = { Fao(0) = rhao(t) + 3 [A5(0) Aje = (r = 1) dy ()| Dﬂ}‘”

j=1

+ Z)U bipdB,.

For simplicity of notation, we write

N
an (1) = dio(t) = rhio(t) + Y Ag(0) s ay(t) = Ay(2) — (r — T;) Ay (0).

J=1

The excess return then takes the following form:

N
doi = [am(f) + > ag(6)Dy
=

For convenience, we shall denote by dQ, the (N x 1) column vector of
excess returns composed of dQ; and write dQ, = ap,dt + bo,dB;. By
definition, one has

dt + Z/l,, )bipdB, = dy,dt + bly dB,.
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— 1 — — 1 —
ag, by,
2 2
ap, bo,
aQt = > er =
N N
Lag, | Lbg, |

It is well known that the wealth process of investor n’s portfolio is given by
AWy = r Wy dt + p,dQ,, (10)

where u,, denotes a row vector defined as p,,=[p1n Hon ... Hnal- In
equilibrium, pu,,=[1/N, 1/N, ..., 1/N]. It shall be shown that all of the
elements in by, are bounded; hence, we have that E [j()T |tnibo, |2dt} < 00.

For simplicity, we omit the subscript # in the expressions for u,,, and W,,,.
The investor’s problem is to choose the number of shares to invest in the
risky assets to maximize her expected utility over the terminal wealth:

1
sup Ey —Fexp( R,Wr) s.t. dW, = rW,dt + 11,dQ,.
{#1}

For comparison with the moral hazard case to be solved later, we present
a CAPM-type equation for the expected excess return on the stock in the
following lemma.

Lemma 1. In equilibrium, the expected excess dollar return aQ on stock i is a
linear function of the expected excess dollar return aQ on the market portfolio:

g cov(dP;,dP ) oM
& var(dP ;) Q-

where the market portfolio is defined as Py;= Py, + Py, + ...+ Py, This
is the CAPM relation in terms of the expected excess dollar returns.
The expected excess rates of returns on stock i and the market portfolio,

b, = (1/Pi)ay, and RY = PLM,agr also satisfy the CAPM equation:

i Cov(Ri,Ru)

= TURM = gRY,
[0 Var(RMz) 1 ﬁ 0

where R;; = dP;/P;, and Ry, = dP prl P s >°
20 Note that the rate of return is well defined only when prices are positive.
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. A Principal-Agent Economy

We now consider the case in which the drift rate of each cash flow process
is controlled by a manager at a cost. We extend the current asset-pricing
literature by partially endogenizing the cash flow process. To solve for an
equilibrium, we must determine the equilibrium-pricing functions and
the optimal contracts simultaneously under the conditions that markets
clear and that managers adopt optimal controls for both themselves and
investors.

Recall that the investor’s maximization problem is subject to the
agent’s PC and his incentive compatibility constraint. The strategy is to
first impose these constraints on the original contract form (9) and then
solve the unconstrained investor’s problem.

3.1 An expression for the manager’s equilibrium compensation
This subsection transforms the original contract form using the man-
ager’s PC. In doing so, we provide an expression for manager i’s
equilibrium compensation to be denoted by S} in terms of both the
coefficient vectors in the contract form, 4, and the manager’s value
function to be defined shortly. It shall be seen that the manager’s
value function is defined at the optimal effort A4j; this equilibrium
compensation is well defined and equals the original contract only at
A}, The inclusion of the manager’s value function in this equilibrium
compensation is natural, because the manager’s PC is satisfied only at
the optimal effort level and, at time 0, the manager’s value function
coincides with his expected reservation utility in equilibrium. In the
absence of the manager’s incentive compatibility constraint to be
imposed in the next subsection, S; may not implement the investors’
optimal action.

Given the manager’s compensation S%. in Equation (9), we define a
value function process V'(t, P,) for manager i’s maximization problem
as

T

, 1
Vi(t, P;) = sup E, — R oXp —R4} ¢i(T, PT)+J lgi(u, Py)—ci(u, Ai)|du
{Aiu} a
t
T

+ Jhi(u, P,,)dP,,})

t

>

where the conditional expectation is on the manager’s information set
F(¢) = { P,, s < t}. Because of the linear relationship between P, and D,, D,
is redundant given P,. Note that
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t t
_ Riexp —-R, J[g,»(u, P,)— ci(u, Aiu)]du+th(u, P,)dP,
a O 0

) 1
x V'(t, P;) = sup E, [exp(Ra{q,-(T, Pr)
{Aiu} Ra
T
|
0

represents manager i’s expected utility at time ¢ over the terminal net
payoff. Though the manager maximizes the expected utility over the
entire contract period, we use the dynamic programming approach, in
which we solve the manager’s problem backward, namely, we take the
optimal solutions between ¢ and 7 as given when both the optimal
equations for V'(¢, P,) and the optimal manager’s effort at ¢ are deter-
mined. The key point is that the value function at time 0 corresponds to
the manager’s expected utility over his total net payoff, which is our
original problem. It is assumed that V'(¢, P) is continuously differentiable
in 7 and twice continuously differentiable in P, where P€R". The solu-
tion to V'(z, P) shall be obtained in closed form, which illustrates that
these conditions are met.

The Bellman-type equation for the manager’s maximization problem is
then given by

T

du + Jh,—(u, Pu)dPu}>

0

gi(u, P,) — ci(u, Ay)

0 = sup —{R,, Vi(e, P)gi(t, P) + hi(t, P)ap — ci(t, Az)
Air

~ SR, PYorbET (1, P) (i

+Vi+ Vplap — Rbpbph! (1, P)| + Etr(Vll’Pbelz)}

Here, the subscripts under V(z, P) denote the relevant partial deriva-
tives of Vi(t, P). Using the manager’s PC at time 0, the above PDE,
Ito’s lemma, and a transformation, one can arrive at an expression for
the equilibrium compensation S}, which is presented in the next
lemma.

Lemma 2. The manager’s equilibrium compensation is given by

T T T
L cio+ | ci(t, Ay dt+& HibprETd[ + /’Z’bde,, 12
2 P
0 0 0
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where ey denotes manager i’s certainty equivalent wealth at time 0, and

T
where ¢;(t, Aj;) = %ki(Z)A%{ and h; = hi(t, P,) = hi(t, P,) — RVPV'

This equilibrium compensation has an intuitive interpretation. At the
terminal date, investors pay the manager a reservation wage, reimburse
the manager’s effort costs, and compensate the manager in the third term
for the risk borne in the fourth term; the fourth term involves Brownian
motion processes and represents the risk in the manager’s compensation
scheme. Note that, if the manager is risk neutral, the third term vanishes,
because a risk-neutral manager does not require compensation for bear-
ing risk.?!

Substituting this equilibrium compensation into the manager’s PC (5),
we obtain under suitable regularity conditions that*

T T
1 R(- i}
Ey —R—exp —R,| g0+ TJh,bpbgthdl + JhideBt

a

0 0

1
== R—eXp(—Ra€i0)-

a

Therefore, the manager’s PC is satisfied, which eliminates the gi(z, Py
coefficient from the expression for S;.. On the other hand, if the manager
has the bargaining power, one can always adjust the constant term ¢;y, SO
that the investor achieves her reservation utility, and the risk-sharing part
of the contract would remain intact. Consequently, the optimal effort
would be the same, which must satisfy both the investor’s and the manager’s
maximization problems.

Using the equilibrium compensation in Equation (12), investors can
now ignore the manager’s PC when solving their maximization problems
to determine the optimal effort level and trading strategies. This com-
pensation, however, has not incorporated the manager’s incentive com-
patibility constraint, that is, the first-order condition (FOC) of the
manager’s Bellman equation has yet to be imposed. In the first-best
case, because the manager’s effort is observed by the investor, one
can ignore the manager’s maximization problem and simply solve the
investor’s maximization problem using the equilibrium compensation. It
can be shown that the equilibrium is Pareto optimal and that firm-
specific risks play no role in the determination of asset prices. As a

See also Holmstrom and Milgrom (1987), Schittler and Sung (1993), and Ou-Yang (2003).

One such regularity condition is Novikov’s condition. See, for example, Karatzas and Shreve (1991) and
Duffie (2001). It shall become clear that Novikov’s condition is satisfied because the equilibrium solutions
for the components in vectors /; and bp are bounded, deterministic functions.
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result, the cash flow processes or the production decisions can simply be
given exogenously.”?

We next solve for the optimal contracts, equilibrium prices, and expected
excess returns in the second-best case. In this case, we must take the FOC of
the manager’s Bellman equation into account. It must also be verified that
the manager’s Bellman equation is satisfied. The verification results for the
Bellman equation are similar to those in Schattler and Sung (1993) and
Ou-Yang (2003), and shall be discussed in the appendix.

3.2 The valuation relation and relative performance evaluation

This subsection examines the impact of moral hazard on expected asset
returns and RPE. We show that in the current exponential-normal case,
moral hazard does not alter the expected dollar returns on individual
assets. In equilibrium, when the PPS of a manager is higher, investors
price the asset higher while demanding the same expected dollar return. In
addition, we show that the risk aversion of the investor leads to less
emphasis on RPE in the manager’s compensation scheme than in a
model with a risk-neutral investor.

In this second-best case, we must take managers’ Bellman equations
and their FOCs into account when solving investors’ maximization pro-
blems. More specifically, we use the FOCs of the managers’ Bellman
equations as constraints in the investors’ maximization problems and
choose the g coefficients in the contract form to ensure that managers’
Bellman equations are satisfied.

Imposing the FOCs of the managers’ Bellman equations (11), we obtain

N —
N ki(t)Ai — - hijhi(1)
k(DA = hiid: T hs: B — J#i
l(t) it — ll/Lll(t) + Z l//h./l(t) or n; = )\([) .
i i

where A;, and h; shall be determined from the investor’s maximization
problem. By definition, the /; vector is given by

b = kz(’f)Arf:’;Mﬁ(l)
inho - hii:$ e hiy
kl(l)Alt - Zj]\iz Elj/ljl(l) — — :|
B P .
P (l) 12 IN

For example, we have that /i; = [

Once we substitute the /; vector into the expression for the manager’s
equilibrium compensation (12), the manager’s PC as well as his FOC are

We thank a referee for this insight. The detailed results for the first-best case are available from the author
on request.
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satisfied. Consequently, we can solve the investor’s maximization problem
for the optimal A; and /;; (i #j) without any additional constraints. We can
then construct optimal contracts in terms of the variables (such as stock
prices) that are observed by both investors and managers. Define
{Au, hy, e} = {Aie, hyj, i 0 < 1 < T} € Al 7, with A(I),T being the set
of measurable processes on [0, 7] adapted to the investor’s information
set satisfying Eo [, |Au|’dt < oo, Eo [ |hy*dt < oo, and Eo | |p,[*dr < 00>
The investor’s problem is now given by

L)

sup Ey
{A[I,/;[/3Nl}s[7é./

>

P

subject to the wealth process, where u,dS; is defined as

N
wedS; = Z MitdS;
i=1

N . — - -
= Z it [%0 dt + %k,—(t)A?zdt + %h,—bpbf,hfdt + h,-bde,] )
i=1

We interpret 11;dS = p; [(%Q—k%ki(l)A% + %Raﬁibpbgﬁlr)dl + hibpdB,) as
investor i’s share of payment to manager i for holding p;, share of the stock
within time interval [¢, ¢ + dt], which represents the investor’s cost for holding
i percent of the firm. This specification implies that the investor is responsible
for the manager’s compensation, depending on her portion of the ownership
in the firm throughout the contract period.

Notice that in the Holmstrom—Milgrom (1987) model, in which there is only
one agent, /; = 0, and the only control variable in the investor’s problem is
Aj,. Also notice that in an asset-pricing model in which there are no managers,
thatis, 1; = 0 and 4, is exogenously given, the only control variables are y,. In
the current model, however, one must solve a system of N> nonlinear equa-
tions for A; and hy;, where /; # hj; in general. It shall be seen that the RPE
term /i;; is not entirely determined by the correlation between the two assets.

The next theorem summarizes the key results of this article.

Theorem 1. When the number of firms in the economy approaches infinity,

the optimal effort level and the optimal contract are given, respectively, by
1

A, = (=1, 13

"~ k() + RI0 =

24 It shall be seen that these regularity conditions are satisfied by the equilibrium solutions.
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and
] T R T T Tk e
Sho=ep+ —Jk,-(z)A%fdz + —aJEbeIT)E,-T dr — szapdz + J D4 4p,
2 ! 2 Aii(1)
0 0 0 0
N Tﬁ
+y Jh,-jdpj,, (14)
J# Y

where a, and b, are defined in Equation (8),

[0 =T J(r) = M0 05(0) = 0, i #J,
_ R (DA o2
hii ! { L f(t) — kz(t)A” alc}

"TN-T[R,+R, Z(1) o

_ er(T=1) R, B 1 LiiCic oy
N-—-1|R,+ Rp 1+ Raki(l‘)()'%l- ;ijo-jc ’ ’

hi = (hi i, -+ 0% By ),V

bl /‘\»,’[(t) >

The expected excess dollar returns on asset i and the market portfolio,
adjusted for managers’ expected compensation, are given by

‘ 1 ;o cov(dP?ﬁ,dP%)
E'(1) = = Rof ()1iHbo,bo H' iy = ~—ET ()
N ¢ . V&r(dP%) (15)

= B YEM(1).
Here,  dPY = dpPy —[1/f()]dSy,  dPi) = SN {dP; — [1/f(1)ldSu},
E'(1) = dy, — iy [(e0/ T) + (/DK A + (Rof )b b |.
EM(1) = alf — % S, |2/ T) + (1/2ki ) A2 + (Ra/2)hibo bl ] |, 1;

denotes a row vector with the ith element being 1 and all other elements
being 0, and H is given by
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where Iy denotes the identity matrix.
We can also express the expected excess dollar return as

= Rf (1) 1 (Hbo b H iy = Ryf (i )—cov [aps?, apy]

it >

_ Ry f([)l Li(1)o; _LZA..(O . ZN:;”(I) .
- Ra + Rp N il Ojc N(Ra + Rp) ‘i gj(‘ vil Tic-

J=1

: (17)

In a special case in which r=0, I1; = 0, and k{t) is a constant, we have
)= 2,{t)=1. The optimal contract then becomes linear and path indepen-
dent:

S’ = constant + k; A} (Pir — Pjo)

R, « Oic
+N—IZ[R TR, i ](P./'T_PjO)

= constant + k; 4] (Pir — Pjp) (18)
1 R, a
kA* ic P 7P
JrN [R +R, M:|( Mr o)

where the optimal effort level A} is a constant given by A =
(1/k;)/ (1 + Rak,-al%) and where Nojys = oy denotes the standard deviation
of the market portfolio. In addition, the equilibrium asset price P;, increases with
the manager’s ownership in his own firm, k;A} (after controlling for k;) and
decreases with the firm-specific risk o;; (after controlling for k; and R,,).

Notice that the PPS, h; = [ki(t)4;/Ni(2)] = [e"T70/(1 + Ruki(1)a?)],
depends on oy, the firm-specific risk of the cash flow, rather than on
that of the stock price A;{t)o;, On the other hand, the RPE, ﬁy =
€70/ (N =1){[Ry/ (R, + R ~[1/(1 + Rukic?)] (g ) . i 71
depends on the common risk of the stock prices as well as the firm-
specific risk of the firm’s cash flow. A rigorous empirical test of these
results requires a careful specification of idiosyncratic and systematic risks
in terms of both the cash flow process and the stock price process.

For simplicity, we use the results for the special case of the theorem in
the remainder of this section.

3.2.1 Optimal contracts and RPE

The optimal contract (18) is a linear combination of the asset price and
the level of the market portfolio. When investors are risk neutral, that is,
R,=0, the RPE with respect to the market portfolio reduces to
—kiA; (gic/on) = —[1/(1 + Rikio})| (6ic/orr). To filter out the common
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risk from a risk-averse manager’s compensation, a negative (positive) RPE
must be used if the cash flows of a firm are positively (negatively) correlated
with the market portfolio. Notice that the magnitude of RPE is determined
by both the firm’s exposure to systematic risk and its idiosyncratic risk rather
than by only the firm’s correlation with the market portfolio. A firm may be
more highly correlated with the market portfolio, but the RPE for the
manager of this firm can still be lower than that for the manager of another
firm that has a lower correlation with the market portfolio, if the first firm has
a higher idiosyncratic risk. In addition, the magnitude of RPE decreases with
the standard deviation of the market portfolio.

When investors are risk averse, however, they would like to share
the common risk with managers, resulting in a positive component in
the RPE term. This risk-sharing need reduces the magnitude of RPE
in managers’ compensation, which can even be positive if the firm has
a sufficiently high-idiosyncratic risk or a sufficiently low-systematic
risk.

In equilibrium, the manager’s compensation (18) is equal to

R,

T—constant—i-kA P,T+Z I{R TR
_ ,

- k A* O_IC:| PJT

= constant + k;A; (0. Ber + 0iiBir) + —— N — R + R, ;

- kiA;KUichT

1 R
= tant klA* ,'l'B,' —_r Pir.
constant + Ny T+NR,,+R,,/Z:]: T

Here, we have used the relation P;;=constant+ o;.B.;+ 0;B;7>> and
[1/(N = 1)] S kid; (0ic/a;c) Pir = constant + ki oicBer + [1/(N—1)]
Zgél kiA; (oic/0jc)0;;Bir — constant + k;A; 6 B.r, where, according to
the Law of Large Numbers, the third term vanishes when N—oo. Note
that Bj7’s are independent Brownian motions and that k;4; (o;./ajc) 0y is
bounded. Recall that B.; and B;7 denote the common and firm-specific
Brownian motions at time 7.2® This equilibrium compensation illustrates
that investors and managers share the market portfolio optimally accord-
ing to their risk-bearing capacity.

Investors provide managers with incentives through the firm-specific
Brownian motion term. Without this incentive, the manager would not

Note that, in this case, in which r =TI =0, both the drift and the diffusion terms of the cash flow process
are constant in equilibrium.

Note that this equilibrium compensation is equal to the optimal contract only at the optimal effort level
A; and that it is not an enforceable contract, because B;7 is not observed by investors.
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exert costly effort. Because of the optimal sharing of the common risk, the
equilibrium effort level does not depend on it.>” Also, investors behave as if
they were risk neutral in inducing the equilibrium effort, because they can
fully diversify away firm-specific risks.?® This is the reason that the inves-
tor’s risk-aversion coefficient does not appear in the expression for 47.

Empirical studies have shown that the sensitivity of CEO compensation
to the total firm value is growing but typically very small. Jensen and
Murphy (1990) find the sensitivity to be about 0.3%. Hall and Liebman
(1998) find its median and mean to be 0.5% and 2.5%, respectively. The
low sensitivity of CEO compensation does not mean, however, that CEOs
would simply shirk. Though a CEO’s compensation may be small com-
pared with the firm value, it typically represents a sizable portion of his
total wealth, which imposes a large consumption risk on the CEO.
Through calibration of agency models, Haubrich (1994) demonstrates
that small sensitivity of an agent’s compensation can induce the agent
to exert proper effort under reasonable risk aversion parameter values for
the agent. See also Hall and Liebman (1998) for qualitative arguments
about this point.

In the model, k;4; denotes a manager’s PPS, where A} denotes the
manager’s equilibrium effort. We next illustrate that, given a small PPS,
the manager’s effort can still be very large. Suppose that k; A7 = 1.0%,
R,=0.001,” and o2 = 10'7.%° From k;4* = [1/(1 + R.k;c2)] = 0.01, we
obtain that k; is approximately given by k;= 10"'%. Therefore, we can back
out the manager’s effort from k;4; = 0.01, yielding A7 = 10'°, which is
indeed a very large number.?! Notice that this simple example should not
be construed as a rigorous calibration of the model. To do so, one must
determine R, and k; from the empirical data directly. Here, the point is
that a small PPS can induce a high level of effort.

27 This result is the same as in Holmstrém (1982) for a risk-neutral principal. Jin (2002) develops a one-
period model, in which there is one riskless asset and one risky asset. Assuming that the CAPM holds and
that the contract is of a linear form without RPE, he shows that, if the manager is allowed to invest in the
market portfolio, then the manager’s effort is a function of the firm-specific risk alone. See also Garvey
and Milbourn (2003).

28 As long as the manager is risk averse, there always exists an agency problem even if the investor is risk
neutral.

2 Although there is no consensus on a realistic value of the risk-aversion coefficient, it should be a very
small number. For example, if R, =1, then the utility function of —(1/R,)e *«¢ would fast approach the
maximum of 0 even for a consumption of $1000, where C denotes the consumption. It shall become clear
that a larger value of R, strengthens our argument.

30 Table 2 of Baker and Hall (2002) summarizes a median variance of market value of 1.4 x 10'7 for the
1996 ExecuComp sample. Using the CAPM as the benchmark model, Ed Fang finds the median
idiosyncratic risk to be of order of 10'7 for the CRSP sample from 1992 to 2000. We thank him for
the information.

31 Given a large effort, the manager’s cost is high, but this cost is covered by investors in equilibrium.
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3.2.2 Expected returns, idiosyncratic risk, and managerial incentives

The CAPM Equation (15) in Theorem 1 holds for a finite number of assets,
N, where markets are incomplete.>> When N is finite, however, idiosyncratic
shocks affect asset prices and expected asset returns, because investors hold
undiversified portfolios. To isolate the effect of moral hazard, we take the
limiting case in which N—oo in the derivation of asset prices and optimal
contracts. Mathematically, we omit all individual terms that involve 1/N in
the derivation.

According to Theorem 1, the expected excess dollar return depends
only on the covariance between the firm value and the market portfolio,
both of which are adjusted for the expected compensation to managers.
Because A}, which is a function of the firm-specific risk o, does not
appear in front of the common risk term, the expected excess return is
independent of ¢;;. In other words, because the incentive part, k; 4} B;r, is
completely separate from the term that involves systematic risk, the firm-
specific risk does not contribute to the value of the covariance.

For incentive purposes, the manager is required to bear idiosyncratic risk
in the amount of k; A} B;r. Its certainty equivalent wealth for the risk-averse
manager is given by (1/2)R, (kiAfaii)z, which is the cost to the investor for
providing incentives. The investor’s marginal cost with respect to the
manager’s effort is then given by R,62k?A} = R.k;0%/1 + k;R,02, which
increases with o;;. It seems puzzling at first that the firm-specific risk has no
impact on the expected excess dollar return given that the investor’s cost of
providing incentives increases with it. In equilibrium, however, investors
simply lower the asset price in anticipation of a higher cost of providing
incentives when the firm-specific risk is higher. This inverse relationship
between size and idiosyncratic risk is consistent with the empirical finding
of Malkiel and Xu (1997) that idiosyncratic volatility for individual assets is
strongly (negatively) related to the size of the firm.*

If we define the risk premium on an asset as the ratio of its expected
excess dollar return to its price, that is, E'(f)/P;, where we consider only
the situation when P; >0, then the risk premium decreases with the
sensitivity of the manager’s compensation k;4}. For example, an investor
purchases an asset for P, at time 0 and holds it until time 7. She expects
to receive a net profit of P;r — S%. after manager’s compensation. E'is the
expected excess dollar return on the asset adjusted for both the investor’s
risk aversion and the manager’s expected compensation, which is inde-
pendent of k;A}. Because P, increases with k;A?, the firm’s exposure to
systematic risk in terms of the percentage return, o,/P;y, decreases. As a
result, the risk premium on the asset, /Py, decreases with k;A;. The key

There are N+ 1 Brownian motions, but there are only N risky assets available for trading. Markets are
always incomplete from a manager’s perspective, because he cannot trade his own stock continuously.

Recall that there is one share of asset outstanding, the asset price of a firm represents its total market value.
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point here is that managerial incentives lead to changes in the exposure of
percentage returns to systematic risks. In addition, the expected rate of return
on the asset is given by (P, + E')/P;, = r + (E'/P,), which again decreases with
its manager’s PPS. This result arises, because the expected excess dollar
return remains the same, but the asset price increases with k;47.

Notice that idiosyncratic risk o;; may affect expected asset returns through
the sensitivity of the manager’s compensation, k;A4;. After controlling for k;
and R, there exists a positive relationship between an asset’s return and its
idiosyncratic risk. Empirically, Campbell et al. (2001) find that there has
been a noticeable increase in firm-level volatility relative to market vola-
tility, and Malkiel and Xu (2000) and Goyal and Santa-Clara (2003)
demonstrate that idiosyncratic risk may contribute to expected asset
returns. Our theoretical model provides a potential mechanism for incor-
porating idiosyncratic risk into expected asset returns and may help
explain the findings of Malkiel and Xu and Goyal and Santa-Clara.**

If we use k; in the manager’s cost function as a proxy for the manager’s
skill or experience, then its impact on expected asset returns is ambiguous.
On the one hand, the higher the manager’s skill, the lower the value of
k; hence, the investor’s marginal cost of providing incentives,
R.kio% /(1 + k;R,0%), is lower. On the other hand, the higher the man-
ager’s skill, the higher the manager’s reservation wage &,o. If the manager
has the bargaining power, then the investor may end up with fewer
dividends from a firm managed by a more-skilled manager than those
from a firm managed by a less-skilled manager. If this occurs, the equili-
brium price of the former firm may be lower than that of the latter firm.
Consequently, the asset return on the former firm may be higher or lower
than that on the latter firm, depending on who has the bargaining power.
The impact of idiosyncratic risk on expected asset returns, however, does
not depend on the bargaining power of the parties involved, because the
manager’s reservation wage is independent of it.

If there is no systematic risk, that is, o;,, = 0 Vi, then the expected excess
dollar return reduces to 0. Because the investor is fully diversified, she
behaves as if she were risk neutral toward firm-specific risk. Conse-
quently, both the expected excess dollar return adjusted for the manager’s
expected compensation and the risk premium are zero for all assets.
Moral hazard in this case decreases the asset price but has no impact on
the expected rate of return. This example illustrates that firm-specific risk
affects expected asset returns only through systematic risk. In other
words, individual firm characteristics such as idiosyncratic risk associated
with agency considerations do not serve as independent risk factors. As a
result, if shareholders are risk neutral and do not discount systematic risk,

3 O0’Hara (2003) and Easley and O’Hara (2004) show that information risk may provide an explanation for
why idiosyncratic risks matter for asset pricing.
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then managers’ compensation and firm-specific risks do not affect
expected asset returns, even though the moral hazard problem still exists.
Theorem 1 shows that when investors are risk neutral, the expected excess
dollar returns for all risky assets are zero. Consequently, their expected
rates of return are given by the risk-free rate. This point highlights the
importance of generalizing the previous literature represented by
Diamond and Verrecchia (1982) and Holmstrom (1982) in which princi-
pals are risk neutral. In the absence of a multi-asset equilibrium model
with risk-averse principals, this literature suggests that moral hazard may
affect expected asset returns.

Because the empirical evidence for RPE is mixed and some firms do
compensate managers based only on the performance of their own firms,
we have also examined the impact of this contracting restriction on
expected asset returns. In this case, we remove the RPE term from the
original contract space (9), that is, ;=0 when i #j and solve for expected
asset returns and optimal contracts in equilibrium. We find that the basic
result that moral hazard affects expected asset returns still holds. The
detailed calculations are available on request.

. Further Discussion

4.1 Log-normal cash flow processes and general utility functions

For tractability of the derivation of optimal contracts and equilibrium
prices, we have so far introduced two assumptions, namely, the normality
of cash flow processes and the exponential utility functions for both
managers and investors. These assumptions are widely adopted in the
principal-agent models as well as the asset-pricing models under asym-
metric information.

Another set of assumptions commonly used in the asset-pricing litera-
ture is that investors have power utility functions and cash flow processes
are log-normal. Naturally, one may wonder whether the result that man-
agerial incentives affect expected asset returns would change under these
assumptions. It is well known that the optimal contracting problem under
these assumptions becomes intractable. Consequently, we cannot address
this issue rigorously.

Even though a closed-form solution for the optimal contract is unavail-
able under these new conditions, the result regarding RPE is unlikely to
change. As long as investors are risk averse, it is not optimal for them to
bear all of the systematic risk, and they would like to share it with the
managers, just as in the exponential-normal case. The same trade-off
between sharing systematic risk with managers and removing it from
managers’ compensation exists, because systematic risk is inferable and
beyond the control of the managers. Consequently, the magnitude of
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RPE will be smaller than that under a risk-neutral investor, and it may
still even be positive. We next argue heuristically with a simple example
that even if the agent’s effort affects the rate (as opposed to the mean) of a
log-normal cash flow process, managerial incentives may still affect
expected asset returns.

Suppose that there are many risky assets and one risk-free bond, that
the time horizon is finite, [0, 7], and that the cash flow generating
processes are log-normal:

dDj,

it

= A,‘tdl + O-iidBit + O-deBCt = Aitd[ + O','dB;, i = 1, 2, s ,N, (20)

where A;, denotes the manager’s effort, ;= (0;;, 0,.) is a constant vector,
and the transpose of B, is defined as B! = (B, B,,), with the two Brownian
motions being independent of each other. We interpret o; and o;. as the
exposure of the percentage return of firm /’s cash flow to idiosyncratic
risk and systematic risk, respectively. Notice that the volatility of the
percentage return of the cash flow as defined in Equation (20) is a
constant, whereas in the normal case as specified in Equation (1), the
volatility of the level (as opposed to the percentage return) of the cash
flow is a constant. For simplicity, we assume that manager i and the
investors share the terminal cash flow D;r at time 7 without intertem-
poral payments or consumption, where D;r is generated by Equation (20).
We further assume that investors and managers posses power utility
functions, X ,” /71> I=p, a, where X, and X, denote the investors’ and the
managers’ terminal wealth or consumption, and v, and ~, are their
constant relative risk-aversion coefficients, respectively. For notational
convenience, we omit the subscripts i and / in the following argument.

For comparison, first, consider the case in the absence of managers.
Denote by 6, the cost of capital or the risk-adjusted discount rate for the
cash flow of a firm. Assume that 6, is a deterministic function of time ¢.
The stock price P,= P(t, D,) at time ¢ is then defined as follows:

T T
P, =E |exp| — Jéudu Dr| =exp —Jéudu D,
t t
||
x E.{ exp Audu—T(T— 1)+ o(Br — B)) (21)

t
T

= exp J(A,, — 0,)du| Dy,

t
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where E, denotes investors’ conditional expectation based on their infor-
mation set at time ¢, and |o|* = 62 + 2. Using Ito’s lemma, the stock
price process is then given by

ap, = d,dt + odB,. (22)
Py

By definition, §, is the expected rate of return of the stock at time 7. The
key points of this exercise are that the volatility o of the percentage
change in the stock price, dP,/P,, is the same as the volatility of the
percentage change in the original cash flow process, dD,/D,; that the
drift rate 4, does not affect the volatility of the stock price return process;
and that the stock price also follows a log-normal process. As a result, the
risk premium of the stock is determined by o, and it is independent of
both A, and the level of the stock price.

When we introduce moral hazard or separation of ownership and con-
trol into the above asset-pricing problem, both the optimal contract and
the equilibrium price become intractable to obtain under the log-normal
cash flow process. Even though the total cash flow follows a log-normal
process, the portion that belongs to investors, which is the total cash flow
less the compensation to the manager, is no longer log-normal. In general,
the stock price may not follow the same factor model and distribution as
the original cash flow process. To illustrate this point, consider a simple
linear contract form. That is, the manager receives a fixed cash payment
plus a fraction of the cumulative cash flow at the terminal date, a +bDr,
where @ and b (0 <b < 1) are assumed to be constants. For simplicity, we
also assume that the manager’s optimal effort A4, is a deterministic function
of time ¢. In other words, the manager is confined to choose his effort only
from this narrow effort space to maximize the expected utility. Conse-
quently, the cash flow still follows a log-normal process.

Even under this simplified contract form and effort space, both the
investor’s and the manager’s problems are still intractable. For example,
the manager’s maximization problem is given by

Ya

1 1
sup—Eo< |a+bDr — = Jk(z)A,zdt ,
(4} Va 2 )

T
where (1/2)jk(t)A12dt represents the total cost to the manager asso-
0

T
ciated with his continuous effort, and a +bDr — (1/2) [ k(1)A2d: thus
0

represents the manager’s net wealth or consumption at the terminal date.
The investor faces a similar dynamic maximization problem that involves the
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determination of both the optimal linear contract and the equilibrium stock
price.* It is unclear how a Bellman-type equation can be derived for the
dynamic maximization problem. Even if one can somehow derive the partial
differential equations (PDEs) for investor and manager, it may still be
intractable analytically or numerically to solve for the optimal constants a
and b in the contract form and the equilibrium stock price. To do so, one must
ensure that the contract and price satisfy the investor’s and the manager’s
PDE:s, their FOCs, and the manager’s PC. One would then have to extend the
one-firm solutions to a large number of firms to address the issue whether
diversifiable risks affect expected asset returns. But fortunately, the arguments
that follow do not require a specific set of solutions to the contracting-pricing
problem and will apply to any constants a and b including the optimal ones.
Suppose again that §, is the risk-adjusted discount rate of return and that
it is a time-dependent function. The stock price is then defined as follows:*®

T
P, =E(exp| — Jéudu [(1 =b)Dy —d]

t
T ~

T
=exp —Jéudu (1 —b)exp JAudu D;—al,
t

t

(23)

or
T

P, + ﬁ, = eXp (Au - 5u)du (1 - b)D[,

t

where a, = exp(— j,T 5udu>a represents the present value of the man-
ager’s cash compensation ‘at time ¢ to be payable at the terminal date.
Applying Ito’s lemma, we obtain the rate of return process as

d?lj’ = St + (1 + %) odB,, (24)
which, unlike the cash flow process, no longer follows a log-normal
process. Recall that odB;=o0;dB;;+ 0;.dB.;,. Even though we do not
know how to deduce the exact formula for the expected rate of return
6,, it must depend at least on the firm’s exposure to the systematic shock,
[1+ (a;/Pi)]oidB.;, which cannot be diversified away by holding the
market portfolio. For example, o;. affects both the expected dollar return

33 Even under the linear contract space, the equilibrium stock price is most likely nonlinear.

3¢ The cash flow that goes to investors at time 7T is given by Dy—a—bDy=(1—b)Dy—a. Because investors
trade in the market, they determine the stock price, which is given by the discounted value of the terminal
payoff at time z.
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and the expected rate of return in the exponential-normal case. Similarly,
[1 + (a;/Pi)]oi should affect the expected rate of return in the current setting.
In a typical principal-agent model, the constant compensation, a, consists of
both the agent’s cash salary and his costs associated with managing the firm,
1/2 foT k(f)A?dt. If we interpret the agent as the representative of all top
executives of the firm, the costs can be substantial. For example, in a rough
calibration of the current model presented in Subsection 3.2.1, we obtained
that k=10"2 and 4*=10'". The cost is then given by 0.5 x 10> x10'?
=0.5 x 10°. Here the point is that @/ P, in Equation (24) may be significant.

Because the manager’s effort influences the level of the cash flow, which
in turn affects the level of the stock price, managerial incentives must
matter for the expected asset returns, as in the exponential-normal case
solved in detail in the previous section. Even though idiosyncratic risk can
be diversified away by holding the market portfolio, it affects the man-
ager’s incentives and thus the level of the stock price. Therefore, idiosyn-
cratic risk affects the expected asset returns through the level of the stock
price, as in the exponential-normal case. In addition, the volatility of the
stock-return process decreases with the level of the stock price, and it is
more volatile than the return process of the cash flow. The phenomenon
that the variance of percentage returns and dividend growth rates
increases as the level of prices and dividends falls has been noted in
both aggregate U.S. market data and individual stock data. See, for
example, Black (1976), Schwert (1989), Nelson (1991), and Cho and
Engle (1999). See also Campbell and Kyle (1993) for a detailed discussion
about this point.

Intuitively, the result that managerial incentives affect expected asset
returns should still hold even if we introduce nonlinear terms into the
linear contract form. There will be more terms in the expression for the
stock price P,, which is related to the level of the cash flow D, in a
nonlinear manner. As a result, there will be more nonlinear functions of
P, in the diffusion term of the stock price process, and these additional
terms in the volatility of the stock-return process will also be functions
of P,. In general, suppose the equilibrium stock price is given by a
general polynomial function of D; (as opposed to the linear form in
the example), that is, P, = a(t) + b(¢)D, + ¢(t)D? + d(t)D} + - - -, where
the coefficients are functions of time 7. It is easy to see that the stock
price does not follow a log-normal process and that the volatility of the
stock return process, dP,/P,, is a function of the level of P,. As long as
the volatility of the stock return process depends on P,, which is par-
tially determined by the managerial contract, incentives would matter
for expected asset returns. Also, for tractability of taking the expecta-
tion in Equation (23), we have restricted the manager’s effort to be
deterministic. Even if the effort space includes stochastic functions, it
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can be seen that the stock price P, in Equation (23) will not be log-
normal, because with a stochastic 4, in the drift term, the cash flow
process is no longer log-normal. Furthermore, as long as the manager
receives a cash compensation a, the stock price will not be log-normal,
and its volatility will depend on the stock price itself.

Our arguments that incentives affect expected asset returns are clearly
not dependent on any specific utility functions for investors and man-
agers. We used the power utility function merely to demonstrate the
difficulty of solving optimal contracts and equilibrium stock prices. It
should be apparent that the result that the volatility of the stock-return
process depends on the level of the stock price is independent of the utility
functions involved. For example, under the linear contract form, different
utility functions would lead to different values of the constants ¢ and b,
but our arguments are independent of the specific values of a and b.
Furthermore, the result would still hold when the number of risky assets
in the economy approaches infinity. In this case, investors who hold the
entire market in equilibrium can diversify away individual firm-specific
risks, but managers cannot fully hedge against their own firm risks.
Managerial incentives that depend on firm-specific risk affect managerial
effort and thus affect the level of stock prices. Because the level of stock
prices affects stocks’ exposure to the common risk that cannot be diversi-
fied away, managerial incentives and firm-specific risks affect expected
asset returns. In other words, managerial incentives affect expected asset
returns through their influence on common risk rather than serve as
independent risk factors.

Although the arguments seem to be general and plausible, we must stress
that they do not constitute a rigorous proof. It would be of great impor-
tance and challenge to formalize them in a systematic framework, such as
the one developed for the exponential-normal case. The best strategy is
perhaps to first extend the current principal-agent literature to incorporate
more general utility functions, such as the power utility function, as well as
more general output processes, such as the log-normal process. One can
then extend a dynamic CAPM to incorporate moral hazard, using log-
normal cash flow processes and power utility functions.?’

4.2 Endogenous interest rates

For tractability, it has been assumed that the risk-free interest rate is
exogenous to the model and that the risk-free bond has an unlimited
supply. Although these assumptions are widely adopted in financial
economics, it would enhance the generality of the current model to

37 See, for example, Merton (1973), Rubinstein (1976), Lucas (1978), and Breeden (1979) for dynamic asset-
pricing models.
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discuss the impact of these assumptions on our main results. Qualita-
tively, it is perhaps easy to argue that relaxing these assumptions will not
significantly alter the effect of managerial incentives or idiosyncratic risks
on a stock’s expected rate of return as well as the magnitude of RPE. In
our model, the stock price itself affects the exposure of the firm’s cash
flow to the systematic shock, and thus affects the expected rate of return.
It appears to be intuitive that managerial incentives and idiosyncratic
risks always affect stock prices, whether the interest rate is endogenous or
exogenous. In addition, because the result on RPE is due to the investor’s
risk aversion, that is, a risk-averse investor would want to share systema-
tic risk with the manager, the result that the magnitude of RPE is smaller
or may even be positive is unlikely to change when the interest rate is
endogenized. We are unable to verify our intuition in a continuous-time
framework.*® Instead, this subsection shows that, in a one-period model,
in which the contract space is confined to be linear, our results still hold
under the conditions that the interest rate is endogenously determined
and that the bond is in zero-net supply.
Assume that the cash flow of firm 7 is given by

D; = A4; + 0jei + 0icee; i=12,---,N, (25)

where A4; denotes manager i’s one-time effort and where ¢; and ¢. denote
the idiosyncratic shock and systematic shock, respectively. ¢; and ¢. are
independent, standard normal variables. Also assume that the contract
for manager i is of the linear form given as

N
Sj =gi + Zhl'ij, (26)
=1

where g; and /;; are constant coefficients to be determined in equilibrium.
The risk-free bond is in zero-net supply. All other assumptions are similar
to those in the continuous-time model as specified in Section 1.

The following theorem summarizes the main results in this one-period
economy.

Theorem 2. When the number of firms in the economy approaches infinity,
the optimal effort level and the optimal contract are given, respectively, by

1 1
A= —(—— ), hy= kAT,
! k,' (1 + Rak,‘O'I%-> ! s

The techniques developed in Liu (2001) may be useful in future extensions of our model to incorporate
more general utility functions and stochastic interest rates.
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2
] N

8i = i — Zh’JA* + kA*Z + Ra Zhy %ji _Ra (Zhijajc> ’
=1
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The equilibrium asset price and interest rate are given, respectively, by

1 1
Pio = <F+—A;‘>; r=— F+—ZA*

2
where Wy denotes the investor’s initial wealth and where F is a constant
defined in the Appendix, which is independent of idiosyncratic shock ;.
Denote by E[AP*Y] and EIAP'Y] the expected excess dollar returns on
asset i and the market portfolio, adjusted for managers’ expected compen-
sation. The CAPM-type linear relation is given by

E[aP] = g [aPy]],
where 3*Vis given by p*Y = cov (AP?,‘Ilj,APfdj> /var (AP?}j)

It can be seen that all of the results obtained in the continuous-time
model remain essentially unchanged. For example, an asset’s expected
dollar return is still independent of its idiosyncratic risk, and its equili-
brium price decreases with it. As a result, the risk premium or the
expected rate of return of the asset decreases with the manager’s pay-
performance incentive and increases with its idiosyncratic risk. Because of
the risk aversion of the investor, the magnitude of RPE (/) is smaller
than that under a risk-neutral investor, and it may even be positive.
Although the current one-period model endogenizes the interest rate in
equilibrium, an important limitation of this model is that the contract
space is confined to be linear. Some of the results such as the CAPM-type
relation may not be valid under a more general contract space. While
taking the interest rate to be exogenous, the continuous-time model
accommodates a more general contract space. Therefore, the two models
should be viewed as complementing each other.

4.3 Agency models and their empirical tests

In the absence of equilibrium asset pricing, previous agency models
establish various results, such as the negative relationship between pay-
performance sensitivities (incentives) and the risk of outputs (cash flows)
as well as the existence of RPEs, in terms of the properties of the cash
flows. Empirical testing of these results, however, has typically employed
firms’ market values and their volatilities. Also, empirical testing has
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often employed the total risk of a firm’s market value rather than the
idiosyncratic risk of it. It is well known that a higher total risk of a firm
does not mean a higher idiosyncratic risk. Our model predicts that PPS
depends on the exposure of a firm’s cash flow rather than its market value
to the firm-specific risk and that RPE depends on the exposure of firms’
market values to both systematic risk and firm-specific risk. This article
demonstrates that a more volatile cash flow process does not necessarily
result in a more volatile stock price process. For example, in the expo-
nential-normal case, the idiosyncratic risk part of the volatility of the ith
stock price is given by ;(t)g; = e)T-0g, where I, is part of the
growth rate of the cash flow process and o¢; is the idiosyncratic risk of the
cash flow process. Thus, the idiosyncratic risk of the stock price depends
on this growth rate, and a higher o; does not necessarily mean a higher
Ai{t)o; without controlling for 7;. In the case of a log-normal cash flow
process, the idiosyncratic risk of the ith stock price return process is given
by [l + (ai/Pi)]oi, where o;; is the idiosyncratic risk for the return
process of the cash flow. Again, a higher o;; does not necessarily lead to
a higher idiosyncratic risk for the stock return process.

Consequently, any empirical test of agency models is perhaps flawed in
the absence of an asset-pricing consideration and without distinguishing
between the properties of cash flows and those of market prices. A
thorough empirical test must incorporate an asset-pricing model that
clearly defines systematic risk and idiosyncratic risk in terms of both
market prices and cash flows.

. Conclusion

This article develops an integrated model of asset pricing and moral
hazard. It extends the asset pricing literature to incorporate a moral
hazard problem. It also extends previous multi-agent principal-agent
models by allowing risk-averse principals who can trade in a securities
market. We show that in the exponential-normal case, the CAPM linear
relation still holds in the presence of moral hazard, with the returns being
adjusted for managers’ expected compensation. In particular, the coeffi-
cient Y is still defined as the ratio of the covariance between the
adjusted return on an asset and that on the market portfolio to the vari-
ance of the adjusted return on the market portfolio. We study the impact
of managers’ compensation on both asset prices and expected returns in
equilibrium. We also examine the magnitude of RPE in the presence of
risk-averse principals.

We show that the risk aversion of the principal reduces the magnitude of
RPE in managers’ compensation. Unlike in the previous models, where the
principal is risk neutral, the risk-averse principal in this model does not
want to remove systematic risk entirely from managers’ compensation.
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Under certain conditions, the manager’s compensation consists of a fixed
salary, a fraction of his own firm’s performance, plus a fraction of the
performance of the market portfolio, the latter of which allows the manager
and investor to share the market-wide risk optimally based on their risk-
bearing capacity. The coefficient in front of the market portfolio, which
measures RPE, does not have to be negative as predicted for a risk-neutral
principal. It can be either positive or negative. Thus, when cross-sectional
regressions for the test of RPE are performed, negative, positive, or insig-
nificant results may arise. The model establishes a theoretical framework
that justifies empirical tests using market data, thus bridging the gap
between previous theoretical modeling and its empirical testing. The
model also implies that the previous empirical tests of agency models,
which employ the properties of firms’ market values, may be flawed in the
absence of an equilibrium asset-pricing model that defines systematic risk
and idiosyncratic risk in terms of both market prices and cash flows.

In addition, we find that the expected dollar return on a firm is
unaffected by PPS because of optimal contracting, in which systematic
risk and idiosyncratic risk are separate in the manager’s compensation.
Mathematically, an isolated term that involves idiosyncratic risk does not
contribute to the covariance term in the $°¥ coefficient. On the other
hand, the manager’s effort increases with the PPS of his compensation,
and, consequently, the equilibrium price of the firm increases with it.
Therefore, the risk premium of the firm, which is defined as the ratio of
the expected dollar return to its equilibrium price, decreases with the PPS
of the manager’s compensation. Similarly, after certain controls, the risk
premium of a firm increases with its idiosyncratic risk. We also argue that
even when firms’ cash flow processes are log-normal and investors and
managers posses general utility functions, managerial incentives can still
affect expected asset returns. It is demonstrated that the volatility of the
stock return process depends on the stock price itself. For example, even
if a cash flow follows a log-normal process, the stock price does not
follow a log-normal process. Consequently, the stock price affects the
expected stock return. We stress, however, that managerial incentives and
idiosyncratic risk do not serve as independent risk factors. Instead, they
affect the risk premia through their influence on the stock prices. We
further show that, in a one-period model, our results are robust with
respect to endogenous interest rates.

Appendix: Proofs

Proof of Lemma 1. Define the investor’s value function as

1
J(w.d) =sup Ey|——exp(—R,Wr)|,
{n} R,
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where w and d are the initial wealth and cash flow values. It is useful to consider the value
function process at time #: J(#,W;,D;) = supy,, E; [-(1/R,)exp(—R, Wr)]. The investor’s
Bellman equation is then given by

1 1
sup Ji+ Jw(rW + an) + Ewa,ubeg},LT + Jgap + E[V(]})Db[)bg) + ,ubeg.]W[) =0.

o
The FOC of this Bellman equation yields
JWaQ + JW[/Vbegl,LT + begJWD = 0,

from which, we obtain

T _ 7# \7! T
uo= Rpfz (beQ> (.]W{IQ + beD‘]WD)'

Conjecture that J(¢, W,, D,) is given by
1 ) )
J(t.W.D;) = _R_CXP{_Rp[fZ(t) W, +f3(t)]}~
4

where fy(¢) and f;3(¢) are continuous, deterministic functions with boundary conditions
f5(7) =1 and f3(7) = 0. Substituting the conjectured form for J into the FOC gives

T _ 1 \"! T
e ¥ (bobB)  (Jwag +bobhwn).

Substituting the above equation for aq into the Bellman equation, we have
. . 1
V2(0) + 12 ()] Wi + /5(0) + pag — §Rpf22(l)ubgb§ur =0.
To satisfy the above Bellman equation, we must have the following conditions:

Fot)+rfa(t) =0, L= (r—TI})Az =0

Jj—(r=T)2; =0, i#je{l2,-- N},
with boundary conditions f5(7) = 1 and A\;(7) = 0, Vi and ;. The solutions to the odinary differential
equations (ODEs) are given by
L) =T gy =0, Vi), dy=erTMT),

It can be shown that f3(r) and My(f) are given, respectively, by f3(f) =R, LT_ﬁ(t)
[1- (1/2)ji(t)]ubgb6qut and Zip(t) = LT e't=T) [Zi(u) i — Ry fo(1) %libgbguT]dm where
1; denotes a vector with the ith element being one and all other elements being zero.

Note that cov(dP) = bgbg and that in equilibrium, = (1/N)pa, = (1/N)(1, 1,.. .,1), where p5,

denotes the vector of the total number of shares of each stock in the market portfolio. Therefore,
the variance of the market index, Var(dPy) = pacov(dP)pl, = uy (beE) ul;.* By definition,

1 ) 1 )
af = pusag = i Ref (1) (boby ) 1ty = - Ref (1)var(dPyy),
3 Recall that the market portfolio is defined as Py, = juy,P= Py + P, +...+ Py
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yielding

1 .
NRpf(t) ~ var(dPM) do-

Similarly, the expected excess dollar return for stock i is given by
i 1 ry,r _1
dy = Liag = LR/ (1) (beQ) iy = Ref (1)cov(dP;. dPuy).

From the expression for R,f(1), we get

g __cov(dP;,dPy) oM
27 var(dPy) ¢

Define the relevant expected rates of return as Ry, = (1/P;)ap, and RY = (1/Py)ap], we
obtain

; _ cov(R;,Ry)

= RM = BRY Q.ED.
0 var(Ry) = 2 PRoQ

Proof of Lemma 2. This lemma is an application of Theorem 6 of Holmstrom and Milgrom
(1987), Corollary 4.1 of Schéttler and Sung (1993), and Corollary B of Ou-Yang (2003). For
completeness, we present its proof here.

By Ito’s lemma, dV'(t, P,) is given by

. . . 1 . .
dvi(s, P,) = [V; + Viap, +§zr(V;,,P,bp,b,§/)}dz+ Vi, bp,dB,.
Combining the above equation with manager i’s Bellman Equation (11) yields
. . 1 . .
dV’(l, P[) =7V {Ra(g,» + h,'ap, — Ci) — iRgh!bszIT;,th:| dt + V;;/ Rah,'bp,b};ldl + V’[bp,dB,.

Define an ¢;, process as R,ls,,Z—log[—R,,W(t, P))], where ¢;7=q{T, P,) as defined in
Equation (9). Using the expression for dV'(z, P,) and with some manipulations, we
obtain

i i\ 2
=L (40

| G _ _
=—R, |:gi + h,»ap, —Ci— ER(,]’l,'bplb;’hiT dt + R“(hi — h,‘)bp,dB,,

_ Vi
where h; = h; — R £

-. Therefore, we have
a

di},‘f +g,'dl + hidPt = C,'dl + %ﬁibl’,b;’;’ﬁidl + Eibp([le‘

Integrating the above expression between 0 and 7 yields

T T T
. R, (- _ [
SIT =&+ Jci(I,Aiz)dt + —aJ hibp,b;’hdet + J hibp(dB,u
0 0 0
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Imposing the manager’s PC yields that ¢, equals the manager’s reservation wage at time 0.
Q.E.D.

Proof of Theorem 1. For notational simplicity, we shall omit the time-dependent variable “¢”
wherever there is no ambiguity. For example, it should be understood that A;,= 4,
Ai = Ni), ki=ki(1), etc. The investor’s value function is given by

1 R <erf: /JdE) }

J(w,p)= sup Ep

{Aishg i} i P

where w and p are the initial wealth and price values. It is useful to consider the value

—(1/R,)e (! I‘dsu)},with

function process at time 2 J (¢, W:,P1) = Supy s y.izEe

J(T,Wr, Pr) = — Ripe’R/’ Wr_Using the fact that bp = b, we obtain the investor’s Bellman
equation:
T
sup J|[R, Z Jici + RiRy Z il beTh Z i ,} be [Z il +J;
(A} it
+Jw |rW + pag + R Z pihibobyu” | +5 JWWube 27)

T
+J§ |ap + Rybob),

Z il

1 T T T, T
> +or {EJpprbQ} + T (bobl™) = 0.

Conjecture that the investor’s value function is given by

1 ) .
J(t.W,P) = — R EXP [=R,(f(OW: + £1(1))]
p
where f{(¢) and f|(¢) are continuous, deterministic functions with boundary conditions f(7) =1

and £1(7) =0. As f3(¢) in the proof of Lemma 1, f1(7) is to ensure that the Bellman equation is
satisfied.** The Bellman equation then becomes

{dihippbii# | i=1

N N N
Ru N T R =
sup | pici+ 5 Z]: pihibobhh; + 7" ZI: pihiboby (Z i > W —f()

N
_ R
=0 (rW +pag+ R, > uihibgbg;ﬂ) + 2 ()boblyt) =0 (28)

i=1

Following similar arguments as in the proof of Lemma 1, we obtain that f{r)=¢" 7™,
X =0, and 2; = e"~T(=T) The solution for ) requires the solutions for both the contract
and the stock price and shall be discussed later.

The FOCs now reduce to with respect to A;:

pikidi + R, %/ql,-bgbgﬁf + Ryk; ﬁi 1ibgb} {Z u,h}
ii ii i—1

—f(t) | pitii + Ry —klebQ,u } =0;

40 With the exponential utility function, f;(¢) does not play any role in the determination of both the optimal
contract and the equilibrium stock price.
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with respect to p”:

e [ hibobbhy | My ]
&) HZbegﬁlT EZ
Ra . R : b bT =T 7T T T
+t5 +R, 0 Q[hl hy -~hN]lt
L Cn i _/’;Nbgbgﬁ; ] _EN_
_ . -
hy
~1(0) [ag + Ry | boby [ i -y |+ | |babl |u" | + Rf*()boblu” = 0:
L /v | |

with respect to /;:
N
T T
R“/L,'ljbgbghi + R],ujljbgbg E Nih,' —f(I)R],M,'ll'beg},LT =0.
=1

In equilibrium, p;=1/N. We next solve the FOCs with respect to 4; and /; for both
the optimal effort and the optimal contract in closed form. Start with the expression for begz

2 (2 2 ) .
(ot +0%)  Adnoioa -0 AIANNG1ONe
j. } 22 2 + 2 L A a
114220102 755(05, + 63;) A2 ANNO2ONe
o . . .. .
boby = s
JIANNG1ONe A lNNG2ONe - Ay (0%, + %)
‘11ANNO1¢ONe 22ANNO2¢O Ne ‘NN O Ne Ni

we obtain

7T [ N —

libeghi = /‘Ll‘,’ Oic Z /l,'jﬂ'j(vhij + (0'12( + U?j)kiAi:| 5
J#i

N
lijbgl’;IT = ;uj'j <O'j(. Z ),”0'[(,]’;7 + O'ifaj(.k,-Al- + ).jjo'/%-h,‘j> 5
I#i

[ N N
i ) 2 2 A 2 2
lijbgh/ = Aj | Oje e G’iciiihji + (U/( + G']vi>k,‘Ai:| .
7 F

N
libegﬁfT = Jii <0-1'z' Z Jucichic + Laoahji + O'jc”'icijj> ,
P
N N
Lbobbp" = Jit| 0ic Y 4joje + 2y |, Lbobbp" = 2y |aie Y ditic + 4o |-
= =1

J=1
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The FOCs with respect to 4; and fzi,- are now reduced to

N
Gic Z Ajajchiy + (O'?(, + a,%-)k,-A,-
J#

kid; + Ryk;

1 u _
+ Rokin {‘7 e > Ziajchy + (07, + o3)ki;
=z

N N
+ Z (01'(» Z Anoichy + Aioihi + Qj<-ai('ijj>:|

i 1%

N
=) | i + Rpki% <0ic Z’lf/”j{' + i,;of,)} =0
=

and
N
) = . o7
R, Ojc Z Anoichi + O’,‘paj(k,‘A,' + /H[fo'ﬁhij
=

+ R, l Ojc Z }'Hh/l + (o-jz(‘ + szt) k]'Af

i

+Z <6/L Z/Lllo'/c il + ”uo'/ak A +)//0'th ):l

i#f I#£i

1 > :
(R, N (ﬂjc Z ZiiGic + Ajj”%,‘) =0,
=1

respectively.
Conjecture that /i # j, is given by

_ 1 R kiA; i,
[ p _kidioic
TN {Ra+Rpf(t) 2 Uﬂ}’

where o, and ;. are nonzero. In the following derivations, we shall take the limiting case in
which N—oo. For example, we shall treat h; as zero if it appears in an individual term or
take the last term in the FOCs with respect to /z;, f{f)R,(1/N)J;a;7, to be zero. We shall also
not distinguish between N—1 and N. We now verify that this choice of /; satisfies the FOCs
with respect to /;:

1 ul 1
O’/CZAHO—[(R +R (I)N - jS%;kiAiaipN+ajcoickiAi
R 2 Ry ! Y kiA ! kiA R ! Y J
+ pN%: G/c%: [/o'[rR +R f(t)ﬁfajcz i io'icﬁ‘i’girajc iAi 7f(t) pNO-]c I/Liio—ir
i#] i=
R R 1 X,
= R0 ) Jr” R ZM;G/C 4R R 0,( ;AH% — /(R 0c ;Anmc
1| RR, R2
=f()~— =0.
0N |z, TR R, +R “’”;6’161‘
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Notice that the expression for A; is not required in the derivation of /;. Substituting /;
into the FOC with respect to 4;, we have

R

z — 0ickiA; kiA;
Ro+ R ;A//“/c oickidioic + (07, + 07) }

1 N Rp ijj Tjc 1
+ Roki; (Z {0,( > o {R X 10— THE] 5+ aeoickid;

J# I#

kid; + Ruk;

Oic 5 1.

R,

R m R o-,c Z AjiGjc + o’i-k,-Ai

J#i

—flt )(A,,+R ki~ 6,(ZA]/G,[> =kid; + Rok;

1
+ Ryki— ZGMZA”G" f(t)ﬁ f(t )(A,,+R ki— g[pZ/ijO’][) =0,
N F
where
Riki o e (1) 5 0 S e+ Ry o, 0> e,
a LRLI+R[7 N — ic o wiYJjc N mR +R o 4

1 N )
,f(l)R,;kiN Cie Z Zjjojc = 0.
j=1

We thus arrive at

£ S(0)a() 1 M=)

K1) + RS kilt) + Rk (D)o

The verification theorems for the Bellman-type Equation (27) or (28) have been provided by
Schittler and Sung (1993) and Ou-Yang (2003). For example, Schéttler and Sung show that the
technical conditions are that E, fOT J(t,W,)"dt| <oo and E, fOT J(t, W) oW a(t, W,)]'"dt} <
0o, where m > 2 and o(z, W;) denotes the diffusion term of the dW, process. Our closed-form
solutions show that A4;, and \; are deterministic, bounded, functions and that the investor’s
value function is given by J(1,W;) = —1/R,exp{—R,[f (¢) + f1(t) W]} where fi?) and f/(?) are
bounded and W, is normally distributed with both a bounded mean and a bounded variance
(due to bounded solutions for 4;, and \;). It can be seen that the technical conditions are
satisfied.

Note that as in the Holmstrom—Milgrom (1987) model, the manager’s value function is
not required in the derivation of the optimal solutions. Following Holmstrém and Milgrom
and Schittler and Sung, we obtain optimal contract (14) by substituting b,dP,=dP,—a,d,
into the equilibrium compensation (12). Similarly, we can show that the optimal contract
and a value function given by —1/R,exp{—R.[fs(t)P; + fs(1)]}, where f5(¢) and fs(r) are
deterministic, bounded functions, satisfy the manager’s Bellman equation (11). The verifica-
tion results are essentially the same as for the investor’s problem or for the Holmstrom-—
Milgrom and Schittler—Sung problems, in which the exponential-normal setup affords well-
behaved solutions in closed form.*!

4! See also Bolton and Harris (1997), Detemple, Govindaraj, and Loewenstein (2001), and Cadenillas,
Cvitani¢, and Zapatero (2003) for other dynamic principal-agent models in the absence of asset pricing.
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We now derive the modified CAPM equation for the expected asset returns. Using the
FOCs with respect to u”, we get

Mo ] [ hbobbhy |
e habobb
L R
ORI
Le ] | ivbobbiy |
i .
h2
1 T, T 1 . T|;T T T T
= B [/ Obobui + 75 | bobl [ B -y | (29)
I 0y
. ;
h2
S A A R A i
L ] ]

Multiplying both sides by i, =(1, 1,...,1), we have

- i

1 (& Rodn T 1 : o
M a T g T T T;T
|:LIQ _fi([) (;Ci + 72 ;hibeth >:| = 7N Rp}LM f(t)beQ +f7(l) . beQ [hl h2 A hN:|

L LAy
(Al ] ] (30)
Iy
~bobg Wiy iy | = | | bobh |k
vl
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Equation (30) can also be expressed as:

- -EIT-- - -ﬁ;r--T
hy Wl
PO || 7 | bob? |1y == | r
= I - - Hars
e VIO N B N Rl IO N o
i L ] ] i Ll ] ]

where Iy denotes the identity matrix.
To find the expected excess dollar return on stock 7, adjusted for the manager’s expected
compensation, we multiply both sides of (29) by the 1; vector and have

E(r) = {a'é ’J% {“"(” Air) *%E’bgbgﬁﬂ }

- _EIT__ - _Elr-- T
il il
—in(t)l ,L ' bobT | I ,L ' T
7N P, i|IN f(f) . 0% [IN f(f) . Py
L Ll L i ]

= Raf ()3, iHbgb b 1

N
= Rf (1)~ cov{dP,, dS, Z{dP,, ,”

i=1
o1 1 N 1 -
pf(t)Ncov{ {1,- - mh,} bodB, ; {1,- - mh,] deB,},

where matrix H is defined as in Equation (16).
Notice that E'(¢) represents the expected excess dollar return at time ¢ on firm 7, adjusted
for the manager’s expected compensation. It can then be shown that

, 1;HbobTHT i1, cov(dPY dp"d
E'(t _< eto “‘”)EMz :7< ! M')EM ),

:“MHbegHT“L var(dP‘,'\Z/,)

where dPY = dPy, — 1/f(1)dSy and dPY = SN [dP, — (1/f(¢))dS}]. This is a CAPM-type
linear relation in terms of the expected dollar returns. Notice that the derivation of this
relation does not require the number of assets, N, to go to infinity.
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We next show that the expected excess dollar return on stock 7 is independent of
the firm-specific risk o; and A4}, and that the equilibrium stock price decreases with
o; and increases with A4j,. Recall that the expected excess dollar return can be
expressed as

Ef(z)_R,,f(z)]i,cov{{l % ]deB,,Z[,- % }deB,}

Straightforward calculation yields

AM101e Aol 0 o 0 0 dB. J1(01cdBe; 4 61;)
)»220'20 0 12262[ -0 0 0 dBlt j-22(0'20dBu + 0'21)
. . . e . . det
bodB, = . _
/ALNNJNC 0 0 o 0 ;“NNO-NI' dBN, ANN (O'N(rdB(-[ + O'N,)

1,bodB; = 4ii(0icdB. + 0;;dBy),
hidB, = h,‘l/l“(O']CdB(-z + GlidBlt) + 11,'2)»22(02(-(1'81-, + 62,'de,) +
+ kiAi(6icdBe; + 6idBit) + - - - + hinAnn (O NedBe; + o nidBny),

where ;= (hihn - kidifdi - hiy)  and  hy=(YN=1)[(R,/Rq+ R))f () — kidi/ 1)
(0ic/0jc)]. We then have

|:1i - (_) :|de31 7/LII(O-ILdBcf + UzldBlt) _/T[)h” (;L]lal(dBrr + Gldelt)
B (ss0adBo + ondBy) — - - — N (g dB + 0vdBy)
;. T2¢ @ 02i T Tic @ Oli it) —
f([) 2\/22072, t 2i 2t f([) t 1 t
1 -
*mh N (ANNONedBer + anidBy)
(UILdBct + aiidBit)
[ R, kdion 1
- A ——(01.dB, dB
R, + R, f()/Lll GJ 11N71(f71 : +oudBy)

R, 1 kiA; 0,(} 1
R+R f()Azz 0 ‘ZZN—l

- k A (611 dB(t + thdBr/ -

R, 1 kid; oy
_Ru+Rp . t/»NNUNL

(02¢dBe; + 62idBy) - - -

aNc dBct + O-NIdBNI)

- /Ln(o-udBLt + O-lldBlt) -

1
cdBey — = kiA;01:dB;
R, +R Nflz/l”gfd ' i B

ln

) R, 1 & Rakidia;
= Juop - —2 . | dB, 7"513’
("”’ Ra+RpN1;A’/a’> T Ro?
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and

N
R, R, k),,a'
z:: {1 o) )h,]deB, RiR, Z),,a,(dBp,+ZWdB

i=1 i0ji

Consequently, we arrive at the expected excess dollar return:

Rq ,
() f()NR +R </“iigirR +R N_ ZA]}G,[>Z)HO—[C.

Finally, we examine the impact of ¢;; and 4}, on the equilibrium asset price. Because \;(7)
is independent of o;; and A4}, we only need to show that \,(¢) is an increasing function of 4.

Recall that the expected excess return E'(7) is defined as

iy g~ LYy g2 Ry pr ot
E'(f) = df, o [Zk,(z)A,.,+ > h,bgle/hi},

where “iQ1 = Zio(t) — rdio(t) + 2i(t)Air. A calculation yields
— =T — N — —
hibo,b h; = hi [Z b 2501007 + hn 3, (a1, + o3;) + kiA,x“alca,,]
J#1

N
Zh,'jlzz).ijchjp + h,’zﬂ%z (O’%c + 0%,—) + k,'A,'j.zzo'Z(‘G,'C + -

72

+hp

k A;
|:Z hU)‘lI/“ijIFJjC + kiAidi (6,2¢ + 6,2,) + -

K

= hy (inalc Z o 4 han i3 0%, + kiAi)~1161c0i¢->
J#i

N
+ hpy (izzo’zc Zhiji/jttf(» + hiatd,0% + kiAiiuGlco'n) + -
J#i

N
+hidi | dioic Y hilioje +hidi(on. + o3) |+
7

l 2 2
_ — IRH_A'_R %’:AHG”;/’IU}]}O}L +;/’luﬂﬁﬂ'ﬂ+ kA) O

= [ki(t)Af,]za%},
where we have ignored all the terms independent of o;;. The expression for E'(f) then yields
(1) = 4 / 2 L a2 + Ry or i
E'(t) = Zio(t) — rdio(8) 4 L (1) Air 7ol ()4}, + 5 hibo,boh;

= Juo(t) = Fhio() + {x,-,-(:) ki(£) (1 + Rykio?) A ,,} Ay (31)

_11
f(n2™
: 1
= Jio(t) —riio(t) + E/liiAiza

where the boundary condition is given by A,(7) = 0. Ignoring the terms independent of o
[e.g., E'(¢)] and solving ordinary differential equation (31), we get
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1 T
) =5 | & 2w i,

t

which is clearly an increasing function of 4;,. Q.E.D.

Proof of Theorem 2. Given the linear contract form defined in Equation (26), the manager’s
maximization problem is given by

1 1 2
El— — o Ra(Sithid}) |
e [ R.°

It can be shown that the manager’s FOC yields
hi = kiA;. (32)

The FOC is both necessary and sufficient, because the manager’s utility function is increas-
ing and concave. In addition, the manager’s PC leads to an expression for g;:

2
gi = &ip — Zh’/A +1kA2+ R, Zhycl,+ R, (Zh,/0'ﬂ> . (33)

The investor’s objective is to maximize her expected utility over the terminal consump-
tion, C; = W) — Zf\il S;i(p), with respect to {4, p;, hyi(i #j)}:

max E{—Rie’R"[W"ZtNA S’(“)] } (34)

P

The investor’s terminal consumption C; is given by

N
Wo(l +r) +ZM:’[D:‘ = 8; = Po(l +7)]

i1

N

= Wy(l1 +r)7Zu, —gi+ A4 — ZhUA + (05 — hit)ei — Zh,jll
i=1 Jj=1 J#

N
+ (J[U - Zh,y@.) e — Po(l+7r)].
=1

Evaluating the investor’s expected utility function (34) and taking the derivative with
respect to her control variables, we obtain that the FOC with respect to 4, :

(@]

N N N N
1 1
—kid; — Rk A;o;i + 1 — Rykioi E hijojc + Rpkigi('ﬁ E E hijoje + Rpkio'i('ﬁ ;:1 oic =0;

J=1 i=1 j=1

the FOC with respect to &; (i #):

N N N N
1 1
7R,46j[ E h[jﬂ'j(- + Rpgjcﬁ E jS — RPO'/'(N E E hijo—j(‘ = O;
J=1 Jj=1 i=1 j=1

and the FOC with respect to

1
+V(F+§Ai)’

1 1 R & 2 N N
F= ER“ (NR” TR, /:Zl O'j(,> <0',( - Zh,/o'ﬂ> Z (0,(, - Zhijﬂﬁ);

=1 J=1

Pjy =
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where N approaches infinity.*> Here, the equilibrium price is clearly an increasing function of
the manager’s PPS 4,.

It can be verified that 47 = (1/k;)(1/1 4+ Rukio%) and hy(i # j) = 1/N[(Ry/Ra + Ry)—
(kiA;af(,/a_,-(.)] satisfy the FOCs. To determine the interest rate, we impose the condition that
the risk-free bond is in zero-net supply or that the identical investors hold no bond positions
in equilibrium. Equivalently, investors invest all their wealth in the risky assets, that is,

T TN\ 1) & 2 T+r N &

or
r= (F +— Z A )
We now derive the CAPM-type linear equation, adjusted for managers’ compensation.
The investor’s FOC with respect to her demand for the risky assets yields
E{U(C))[D; — S; — Pip(1+1)]} =0,

where “prime” denotes the derivative of the investor’s utility U with respect to her terminal
consumption C; and where U(C}) denotes the investor’s utility function which is concave
and twice differentiable. Notice that, within the linear contract space, investor’s net wealth
(after managers’ compensation) is normally distributed and that AP =
[Di — Si — Pip(1+r)] is the excess dollar return adjusted for managerial compensation.
Using Stein’s lemma,** we obtain

E[U’(C,)]E(Ap;df) - —E[U”(Cl)]cov(Cl, AP;”‘f').
We further obtain that
E(AP) = piE(ary]),
where g/ = cov(Cy, APY /covSCl, AP’]’V‘,{") and AP = SN AP/, which is the excess
return for the market portfolio adjusted for managers’ compensation. When the risk-free
bond is in zero-net supply, C; represents the value of the market portfolio adjusted for

managers’ compensation because investors’ entire wealth is invested in the risky assets. We
thus have

cov(C1, AP = cov[(Ci — W), P27 = con(AP3F. AP,
which leads to

cov (AP“A}]i, AP?‘”)

P var( APY
(ar7)

As shown in the continuous-time case, 3°¥ is independent of idiosyncratic risk. Q.E.D.

42 Mathematically, we omit all individual terms that involve 1/N in the derivation.

43 See, for example, Rubinstein (1976) for a derivation of this lemma.

1299



The Review of Financial Studies | v 18 n 4 2005

References

Abowd, J. M., and D. S. Kaplan, 1999, “Executive Compensation: Six Questions That Need Answering,”
Journal of Economic Perspectives, 13, 145-168.

Acharya, V. V., and A. Bisin, 2002, “Managerial Hedging and Equity Ownership,” Working paper, LBS
and NYU.

Aggarwal, R., and A. Samwick, 1999a, “The Other Side of the Trade-Off: The Impact of Risk on
Executive Compensation,” Journal of Political Economy, 107, 65-105.

Aggarwal, R., and A. Samwick, 1999b, “Executive Compensation, Strategic Competition, and Relative
Performance Evaluation: Theory and Evidence,” Journal of Finance, 54, 1999-2043.

Allen, F., 2001, “Do Financial Institutions Matter?” Journal of Finance, 56, 1165-1175.

Amihud, Y., and B. Lev, 1981, “Risk Reduction as a Managerial Motive for Conglomerate Mergers,”
Bell Journal of Economics, 12, 605-617.

Antle, R., and A. Smith, 1986, “An Empirical Investigation of the Relative Performance Evaluation of
Corporate Executives,” Journal of Accounting Research, 24, 1-39.

Arora, N., N. Ju, and H. Ou-Yang, 2001, “A Model of Asset Pricing and Portfolio Delegation,” Working
paper, Duke University, KMV, and University of Maryland.

Baiman, S., and J. Demski, 1980, “Economically Optimal Performance Evaluation and Control Sys-
tems,” Journal of Accounting Research, Supplement.

Baker, G. P., and B. J. Hall, 2002, “CEO Incentives and Firm Size,” forthcoming in Journal of Labor
Economics.

Barro, J., and R. J. Barro, 1990, “Pay, Performance, and Turnover of Bank CEOs,” Journal of Labor
Economics, 8, 448-481.

Bertrand, M., and S. Mullainathan, 2001, “Are CEOs Rewarded for Luck? A Test of Performance
Filtering,” Quaterly Journal of Economics, 116, 901-932.

Black, F., 1976, “Studies of Stock Price Volatility Changes,” Proceedings of the Business and Economic
Statistics Section, American Statistical Association, 177-181.

Bolton, P., and C. Harris, 1997, “The Continuous-Time Principal-Agent Problems: First-Best Risk Sharing
Contracts and their Decentralization,” Working paper, Cambridge University and Princeton University.

Breeden, D., 1979, “An Intertemporal Asset Pricing Model with Stochastic Consumption and Investment
Opportunities,” Journal of Financial Economics, 7, 265-296.

Brennan, M. J., 1993, “Agency and Asset Pricing,” Working paper, University of California, Los Angeles.

Cadenillas, A., J. Cvitani¢, and F. Zapatero, 2003, “Dynamic Principal-Agent Problems with Perfect
Information,” Working paper, Alberta and USC.

Cadenillas, A., J. Cvitani¢, and F. Zapatero, 2004, “Leverage Decisions and Manager Compensation with
Choice of Effort and Volatility,” Journal of Financial Economics, 73, 71-92.

Campbell, J. Y., M. Lettau, B. G. Malkiel, and Y. Xu, 2001, “Have Individual Stocks Become More
Volatile?” Journal of Finance, 56, 1-43.

Campbell, J. Y., and A. S. Kyle, 1993, “Smart Money, Noise Trading and Stock Price Behavior,” Review
of Economic Studies, 60, 1-34.

Cho, Y. H., and R. F. Engle, 1999, “Time-Varying Betas and Asymmetric Effects of News: Empirical
Analysis of Blue Chip Stocks,” NBER Working paper.

Core, J. E., W. Guay, and D. F. Larcker, 2001, “Executive Equity Compensation and Incentives: A
Survey,” Working paper, University of Pennsylvania.

1300



An Equilibrium Model of Asset Pricing and Moral Hazard

Cornell, B., and R. Roll, 2004, “A Delegated Agent Asset-Pricing Model,” Working paper, University of
California, Los Angeles.

Cuoco, D., and R. Kaniel, 2001, “General Equilibrium Implications of Fund Managers’ Compensation
Fees,” Working paper, University of Pennsylvania and Duke University.

DeMarzo, P. M., 1993, “Majority Voting and Corporate Control: The Rule of the Dominant Share-
holder,” Review of Economic Studies, 60, 713-734.

DeMarzo, P. M., and B. Urosevic, 2001, “Optimal Trading by a Large Shareholder,” Working paper,
Stanford University and University of California, Berkeley.

Detemple, J., S. Govindaraj, and M. Loewenstein, 2001, “Optimal Contracts and Intertemporal Incen-
tives with Hidden Actions,” Working paper, Boston University.

Diamond, D. W., and R. E. Verrecchia, 1982, “Optimal Managerial Contracts and Equilibrium Security
Prices,” Journal of Finance, 37, 275-287.

Dow, J., and G. Gorton, 1997, “Noise Trading, Delegated Portfolio Management, and Economic
Welfare,” Journal of Political Economy, 105, 1024-1050.

Duffie, D., 2001, Dynamic Asset Pricing Theory, Princeton University Press.

Dybvig, P. H., H. K. Farnsworth, and J. N. Carpenter, 2004, “Portfolio Performance and Agency,”
Working paper, Washington University and New York University.

Easley, D., and M. O’Hara, 2004, “Information and the Cost of Capital,” Journal of Finance, 59, 1553~
1583.

Garvey, G., and T. Milbourn, 2003, “Incentive Compensation when Executives Can Hedge the Market:
Evidence of Relative Performance Evaluation in the Cross Section,” Journal of Finance, 58, 1557-1581.

Gibbons, R., and K. Murphy, 1990, “Relative Performance Evaluation for Chief Executive Officers,”
Industrial and Labor Relations Review, 43, 30s—52s.

Goyal, A., and P. Santa-Clara, 2003, “Idiosyncratic Risk Matters,” Journal of Finance, 58, 975-1007.

Guo, M., and H. Ou-Yang, 2003, “Incentives and Performance in the Presence of Wealth Effects and
Endogenous Risk,” forthcoming in Journal of Economic Theory.

Hall, B. J.,, and J. Liebman, 1998, “Are CEOs Really Paid Like Bureaucrats?” Quarterly Journal of
Economics, 113, 653-691.

Hall, B. J., and K. J. Murphy, 2002, “Stock Options for Undiversified Executives,” Journal of Accounting
and Economics, 33, 3-42.

Haubrich, J. G., 1994, “Risk Aversion, Performance Pay, and the Principal-Agent Problem,” Journal of
Political Economy, 102, 258-276.

He, H., and J. Wang, 1995, “Differential Information and Dynamic Behavior of Stock Trading Volume,”
Review of Financial Studies, 8, 919-972.

Himmelberg, G. P., and R. G. Hubbard, 2000, “Incentive Pay and the Market for CEOs: An Analysis of
Pay-for-Performance Sensitivity,” Working paper, Columbia University.

Holmstrom, B., 1982, “Moral Hazard in Teams,” Bell Journal of Economics, 13, 324-340.

Holmstréom, B., and P. Milgrom, 1987, “Aggregation and Linearity in the Provision of Intertemporal
Incentives,” Econometrica, 55, 303-328.

Janakiraman, S., R. Lambert, and D. Larcker, 1992, “An Empirical Investigation of the Relative
Performance Evaluation Hypothesis,” Journal of Accounting Research, 30, 53-69.

Jensen, M., and K. Murphy, 1990, “Performance Pay and Top-Management Incentives,” Journal of
Political Economy, 98, 225-264.

1301



The Review of Financial Studies | v 18 n 4 2005

Jin, L., 2002, “CEO Compensation, Diversification and Incentives,” Journal of Financial Economics, 66,
29-63.

Karatzas, I., and S. E. Shreve, 1991, Brownian Motion and Stochastic Calculus, Springer-Verlag, New York.

Kihlstrom, R. E., and S. A. Matthews 1990, “Managerial Incentives in an Entrepreneurial Stock Market
Model,” Journal of Financial Intermediation, 1, 57-79.

Kocherlakota, N. R., 1998, “The Effects of Moral Hazard on Asset Prices When Financial Markets Are
Complete,” Journal of Monetary Economics, 41, 39-56.

Leland, H. E., and D. Pyle, 1977, “Information Asymmetries, Financial Structure, and Financial Inter-
mediation,” Journal of Finance, 32, 371-387.

Lintner, J., 1965, “The Valuation of Risky Assets and the Selection of Risky Investments in Stock
Portfolios and Capital Budgets,” Review of Economics and Statistics, 47, 13-37.

Liu, J., 2001, “Portfolio Selection in Stochastic Environments,” Working paper, University of California,
Los Angeles.

Lucas, R., 1978, “Asset Prices in an Exchange Economy,” Econometrica, 46, 1429-1445.

Magill, M., and M. Quinzii, 2000, “Capital Market Equilibrium with Moral Hazard,” Working paper,
USC and UC Davis.

Malkiel, B. G., and Y. Xu, Spring 1997, “Risk and Return Revisited,” Journal of Portfolio Management,
9-14.

Malkiel, B. G., and Y. Xu, 2000, “Idiosyncratic Risk and Security Returns,” Working paper, University
of Texas, Dallas.

Mamaysky, H., and M. Spiegel, 2001, “A Theory of Mutual Funds: Optimal Fund Objectives and
Industry Organization,” Working paper, Yale University.

Merton, R., 1973, “An Intertemporal Capital Asset Pricing Model,” Econometrica, 41, 867-888.
Mirrlees, J. A., 1974, “Notes on Welfare Economics, Information, and Uncertainty,” in M. Balch,
D. McFadden, and S. Wu (eds.) Essays in Economic Behavior under Uncertainty, 243-258, North-Holland,
Amsterdam.

Mossin, J., 1966, “Equilibrium in a Capital Asset Market,” Econometrica, 35, 768-783.

Murphy, K., 1999, “Executive Compensation,” in O. Ashenfelter, and D. Card (eds.), Handbook of Labor
Economics, Vol. 3, North-Holland, Amsterdam.

Nelson, D. B., 1991, “Conditional Heteroskedasticity in Asset Returns: A New Approach,” Econometrica,
59, 347-370.

O’Hara, M., 2003, “Liquidity and Price Discovery,” Journal of Finance, 58, 1335-1354.

Ou-Yang, H., 2003, “Optimal Contracts in a Continuous-Time Delegated Portfolio Management
Problem,” Review of Financial Studies, 16, 173-208.

Prendergast, C., 1999, “The Provision of Incentives in Firms,” Journal of Economic Literature, 37, 7-63.

Ramakrishnan, R. T. S., and A. V. Thakor, 1984, “The Valuation of Assets under Moral Hazard,”
Journal of Finance, 34, 229-238.

Ross, S., 1976, “The Arbitrage Pricing Theory,” Journal of Economic Theory, 13, 341-360.

Rubinstein, M., 1976, “The Valuation of Uncertain Income Streams and the Pricing of Options,” Bell
Journal of Economics, 7, 407-425.

Schattler, H., and J. Sung, 1993, “The First-Order Approach to the Continuous-Time Principal-Agent
Problem with Exponential Utility,” Journal of Economic Theory, 61, 331-371.

1302



An Equilibrium Model of Asset Pricing and Moral Hazard

Schwert, G. W., 1989, “Why Does Stock Market Volatility Change Over Time,” Journal of Finance, 44,
1115-1153.

Sharpe, W. F., 1964, “Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk,”
Journal of Finance, 19, 425-442.

Sloan, R., 1993, “Accounting Earnings and Top Executive Compensation,” Journal of Accounting and
Economics, 16, 55-100.

Sung, J., 1995, “Linearity with Project Selection and Controllable Diffusion Rate in Continuous-Time
Principal-Agent Problems,” RAND Journal of Economics, 26, 720-743.

Urosevic, B., 2001, “Dynamics of Corporate Insider Ownership: Theory and Evidence,” Working paper,
University of California, Berkeley.

Wang, J., 1993, “A Model of Intertemporal Asset Prices under Asymmetric Information,” Review of
Economic Studies, 60, 249-282.

1303






