Optimal Contracting, Ownership Structure and Asset Pricing*

Hae Won (Henny) Jung Qi Zeng Ajay Subramanian
University of Melbourne University of Melbourne Georgia State University
hae.jung@unimelb.edu.au qzeng@unimelb.edu.au asubramanian@gsu.edu

December 10, 2014

Abstract

This paper proposes a dynamic equilibrium model of asset pricing and executive compensation.
A representative, all-equity firm is owned by two types of risk-averse investors — a large shareholder
(blockholder) and a continuum of small shareholders. The large shareholder holds a long-term view
and trades the firm’s shares infrequently. From her controlling equity stake in the firm, she plays a
dominant role in hiring a risk-averse manager and implementing an optimal compensation scheme
to incentivise the manager to exert effort. Small dispersed and competitive shareholders, however,
trade the firm’s shares continuously, from which its equilibrium stock price is determined. Our uni-
fied framework allows us to explore the endogenous determination of key variables in equilibrium —
the firm’s ownership dynamics, managerial contracts, and stock prices and excess dollar returns. We
show that, in contrast to the benchmark owner-manager case, incorporating the optimal contract-
ing problem results in a stochastically evolving stock price and nontrivial dynamics for the large
shareholder’s ownership. In addition, we predict the correlations among the equilibrium variables
in response to variations in the model parameters, which can help to explain the mixed empirical
evidence in the literature.
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1 Introduction

Research in financial economics reveals a fundamental dichotomy between its two cornerstones; asset
pricing and corporate finance. At a broad level, corporate finance research focuses on the separation
of ownership and control in modern corporations. Agency conflicts among a firms various stakeholders
that arise from this separation endogenously influence firms cash flows, but the markets valuation of the
cash flows through the underlying stochastic discount factor or pricing kernel is typically exogenously
specified. In contrast, asset pricing models typically view corporate cash flows as exogenous and focus
on identifying a stochastic discount factor or pricing kernel to price the assumed cash flows (Gorton
et al., 2014). In reality, however, the cash flows of firms and their valuation by market participants
are simultaneously and endogenously determined. A recent and nascent literature has started to pay
attention to this issue by exploring potential implications of agency problems for influencing corporate
cash flows and thereby the prices of corporate securities.

Even though it is clearly important to incorporating agency problems in studying asset prices,
ignoring two central governance mechanisms that have been extensively addressed as typical remedies
for those agency problems may overestimate or underestimate the impact of agency conflicts. However,
it is, in general, challenging to link optimal contracting and asset pricing models. This paper aims to
propose a unified framework that separates a representative, all-equity firm’s strategic principal-agent
problem from the competitive asset pricing process by distinguishing a large shareholder from small
atomistic shareholders. The large shareholder holds a long-term view and trades the firm’s shares
infrequently. From her controlling equity stake in the firm, she acts strategically both in the security
market and in major corporate decisions. Specifically, she plays a dominant role in hiring a risk-averse
manager and implementing an optimal compensation scheme to incentivise the manager to exert effort.
Small dispersed shareholders, however, trade the firm’s shares continuously, from which its equilibrium

stock price is competitively determined.



The asset pricing framework with both large and small shareholders mainly builds on Admati et
al. (1994) and DeMarzo and Urosevié¢ (2006) that analyze the optimal trading and ownership policy
of a large shareholder who can affect the firm’s output and asset prices through a costly monitoring.
These studies, however, abstract away from the optimal contracting problem between the manager and
shareholders. DeMarzo and Urosevi¢ (2006) formulate a moral hazard problem as a reduced-form that
directly takes the usual trade-off between incentives and risk sharing rather than deriving the trade-off
through agency contracting. In the context of our general framework, their model corresponds to the
benchmark scenario in which the firm is controlled by an owner-manager whose costly action directly
affects the firm’s output process.

Using our framework, we provide a full-fledged and dynamic equilibrium description of the interac-
tions among a firms large ownership dynamics, managerial contracts, and stock prices and returns. We
show that incorporating the standard managerial moral hazard problem and solving for the optimal
agency contract significantly alters the implications of DeMarzo and Urosevié¢ (2006), which hereafter
we denote by D-U, for equity prices and large ownership dynamics. In the benchmark owner-manager
case, which refers to the scenario studied by D-U, one obtains the counterfactual implication that the
large shareholder’s trading decision and the firm’s share price are time deterministic. In contrast, the
incorporation of the separation between the large shareholder and the manager results in a stochas-
tically evolving stock price and nontrivial dynamics for the large shareholder’s ownership. Also, the
owner-manager case involves a more volatile stock return, a higher expected stock return, and a higher
Sharpe ratio overall, controlling for potentially different underlying parameters including the firm’s
intrinsic risk and productivity and risk preferences of the manager and shareholders. This observation
partially explains the higher equity risk premium in emerging markets, in which owner-manager firms,
that is, family-controlled public firms are more prevalent, than in developed markets. Further, in con-
trast to the owner-manager case, the large shareholder can optimally choose the manager’s contract

which has an impact on the firm’s stock return volatility and thus the large shareholder’s risk premium.
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Consequently, the large shareholder tends to hold a higher equity stake in the firm when the firm’s
cash flows are more volatile or when the firm’s productivity is lower, which is the opposite to the
prediction from the owner-manager case. Lastly, the large shareholder may find it optimal to sell her
stake entirely relatively quickly when the firm’s underlying risk falls sufficiently far, when the relative
bargaining power of the manager is higher, or when recontracting with more expensive contract terms
needs to take place more frequently.

As a firm’s large shareholder ownership, managerial incentives, and stock returns are all endoge-
nously determined in our framework, our comparative statics analysis shows their equilibrium corre-
lations as one of the underlying parameters changes. In particular, we can address how two central
governance mechanisms — large shareholder ownership and managerial incentives — interact to affect
the firm’s expected stock returns and stock return volatility. First, we show that both large share-
holder ownership and managerial incentives are negatively correlated with the firm’s expected stock
return except when the manager’s or shareholders’ risk preference varies. Consequently, an empirical
investigation of the impact of each governance mechanism on a firm’s expected stock return needs to
be performed by taking into account the risk preferences of different players. Second, the negative
relation between managerial incentives and the stock return volatility always holds with any change
in parameter values. Third, the two governance mechanisms tend to be complements to each other
(that is, a positive relation between managerial incentives and large shareholder ownership) rather than
substitutes for each other except when the relative risk aversion between the large shareholder and the
manager varies.

This paper is closely related to the recent literature that incorporates an agency problem into
an asset pricing model — in particular, Ou-Yang (2005) and Gorton et al. (2014). In these studies,
shareholders act competitively in the stock market, yet they strategically coordinate together to provide
managerial incentives. In contrast, as noted earlier, we separate the optimal contracting problem

between the large shareholder and the manager from the determination of asset prices by adopting the
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framework of D-U. This is consistent with what we observe in reality from typical large shareholders,
such as venture capitalists and angel investors before a firm goes public, and institutional investors as
well as other significant blockholders afterwards. Further, regarding the managerial optimal contract,
Gorton et al. (2013) implement the manager’s compensation by his share trading and Ou-Yang (2005)
considers a lump-sum compensation payment in line with work by Holmstrom and Milgrom (1987). In
contrast, we consider a more general contracting problem by adopting the continuous value approach
of recent continuous-time contracting models (e.g., Sannikov, 2008; Williams, 2009; He, 2011) in which
the agent’s utility process is an additional state variable for the principal’s problem and intermediate
consumption by both the principal and agent are allowed.

Among studies in the vast literature on corporate governance, our study is also close to the ongoing
literature initiated by Gompers, Ishii and Metrick (2003) that explores the effects of corporate gover-
nance mechanisms on equity price. Cremers and Nair (2005) show complementary interactions between
internal (active shareholders) and external (market for corporate control) governance mechanisms in
generating long-term abnormal returns. Parigi, Pelizzon, and von Thadden (2013) both theoretically
and empirically show that the quality of corporate governance, which is endogenously chosen, correlates
positively with CAPM beta and idiosyncratic volatility and negatively with returns on assets.

Lastly, in the asset pricing literature, there are also several studies that examine possible implica-
tions of large shareholders (Cvitanic, 1997; El Karoui, Peng and Quenez, 1997; Cuoco and Cvitanic,
1998). In this literature, however, the effects of their trading on asset prices are assumed to be exoge-
nous, which distinguishes ours from the existing literature because we endogenously derive the effects
of the large shareholder’s optimal contracting decision on asset pricing.

The remainder of the paper is as follows. Section 2 lays out the general setup of our model. In
Section 3, we analyze a benchmark owner-manager case using a CARA-normal framework in which
the owner-manager makes a trading policy and effort choice in discrete time. Section 4 solves for the

equilibrium in our main model with optimal contracting. Section 5 discusses the implications of our
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model, and Section 6 concludes. All detailed proofs are presented in the appendix.

2 General Setup

We study a continuous-time principal-agent problem in an asset pricing framework. There is a rep-
resentative all-equity firm in the economy. As in Holmstrom and Tirole (1993), Admati et. al (1994)
and DeMarzo and Urosevié (2006), the firm’s shareholders are comprised of two groups: “large” share-
holders or blockholders who hold a block of shares in the firm and a continuum of dispersed small
shareholders who collectively hold the remaining equity stake. In reality, major strategic corporate de-
cisions require the approval of corporate boards that are significantly influenced by large shareholders
(e.g., see Shleifer and Vishny (1997), Holderness (2003), Tirole (2006).) Cronqvist and Fahlenbrach
(2009) document evidence for significant blockholder effects on a number of important corporate de-
cisions such as investment, financial, and executive compensation policies. For simplicity, we ignore
strategic behaviors among different blockholders, that is, they behave as a monolithic unit in their
collective interest, so that we refer to them as a single representative blockholder. Because our focus
is on asset pricing implications, we assume that both types of shareholders are risk averse.

The large shareholder plays a dominant role in hiring a risk-averse manager to operate the firm and
determining the manager’s optimal compensation contract. As in traditional principal-agent models
with moral hazard (see Laffont and Martimort (2002)), the manager can affect the firm’s output
process by exerting costly effort. The large shareholder does not observe the manager’s effort directly,
but instead indirectly induces the manager to choose a recommended level of effort by offering him
an optimal incentive contract that is contingent on the firm’s observable output. The manager owns
no shares in the firm, but her optimal incentive contract could potentially be implemented through
(restricted) stock grants.

Based on prior research on firm ownership including the aforementioned studies, we consider dif-



ferent holding periods for the two groups of investors. As in DeMarzo and Urosevi¢ (2006), small
shareholders trade shares of the firm continuously, whereas the large shareholder trades the firm’s
shares at a discrete set of finite dates with her shareholdings within each time interval being held
constant. Our analysis allows for the time interval between successive trading dates to be arbitrary
so that we can consider the continuous-time limit in which the large shareholder trades continuously.
For simplicity, we assume that the large shareholder offers a new contract to the manager at each
trading date and commits to the contract until the next trading date. In addition to the firm’s shares,
both types of investors can trade a risk-free bond (savings account) continuously. We now describe the

various elements of the model in detail.

2.1 Firm’s Output Process

We consider a continuous-time model with finite horizon [0, T]. Uncertainty is generated by a standard
Brownian motion Z; on a probability space (€2, F, P) with the complete and augmented information

filtration F = {F;,0 <t < T'}. The firm’s cumulative output X; evolves as follows:

dXt = u(at, t)dt + O'dZt, (1)

where a; is the manager’s effort level and the constant ¢ > 0 is the volatility of cash flows. As in
the standard principal-agent model, managerial effort influences the drift but not the volatility of the
firm’s output. The output process is publicly observable, and all instantaneous cash flows net of the

manager’s compensation are paid out to shareholders.

2.2 Large and Small Shareholders

The firm has a representative large shareholder L and a continuum of small, dispersed shareholders S

(uniformly indexed over the unit interval, that is, S € [0, 1]). We normalize the total number of the



firm’s shares outstanding to one. Small shareholders trade continuously, while the large shareholder
trades on a finite set of dates {t;};i = 0,..., N with ¢y = T. We denote the shares held by a small
shareholder, S, at date ¢ as Og; and the shares held by L as ©;. L’s shareholding process is right
continous with left limits. If L’s shareholdings just prior to her trade at date t; are ©;,, the difference
O, —©,, > 0(< 0) represents the number of shares that she optimally purchases (sells) at date ¢;. Her
equity stake remains constant within the interval between any subsequent dates: that is, ©; = Oy, for
t € [ti,tiy1). For the case i = N, ty41 = 0o. Due to the market clearing condition for the firm’s shares,
the total number of shares collectively held by small shareholders is fol 05:dS =1—-0; =1— 0y,
Investors also have access to a risk-free bond that is in perfectly elastic supply so that it pays
a continuously compounded constant return r > 0. This assumption can be relaxed by alternatively
assuming that the risk-free bond is in zero net supply, which would endogenously determine the risk-free
rate over time. The investors are initially endowed with wealth Y; 9 > 0, for i = L, S. Both groups of
investors are risk averse and their preferences are described by the utility function ui(ci,t), fort=1L,S

with the following properties: ul = du’/dc > 0 and u’, = 9%u’/dc* < 0 where c;; represents their
instantaneous consumption at time ¢. The investors maximize their expected utilities by making optimal

portfolio and consumption decisions.

2.3 Managerial Preferences and Contracting

L ires a risk-averse manager, M, and offers him a sequence of explicit contracts with each contract,
I1;, valid over the time interval, [¢;,¢;+1). The manager continuously chooses an effort level a; € [a, ]
that affects the firm’s output X; as shown in (1), and incurs the instantaneous effort cost, ¥(ay,t)
that is twice continuously differentiable, increasing and convex in the effort level, a;. The manager’s
choice of effort is unobservable by shareholders. It is convenient to augment the definition of the
manager’s contract to include the recommended effort process as well as the compensation payments

to the manager, that is, II; = {care, ar; for t; <t < t;11}. If F; denotes the information filtration
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generated by the history of the firm’s output process up to time ¢, both the manager’s effort and
compensation flows specified in the contract are Fi-adapted stochastic processes. We assume that the
manager is restricted to trade the firm’s shares and the risk-free bond, so that the only source of income
for his consumption is the compensation payment.®

The manager’s utility function is u™(cpr¢,ar) with the following properties: u? = du /doc >
0,u = 9%uM /oc* < 0,u = ouM /da < 0 and v = 9>uM /9a® < 0. Given the manager’s contract

I1; that lasts for [t;, t;+1), the manager’s continuation value at time ¢, that is, his expected utility from

the contract, is given by

tit1
Whai(em,a) = Eng [/ e_‘SM(T_t)uM(cMVT,aT)dT . (2)
t

The manager’s contracts must be incentive compatible for the manager. That is, given the stream
of the contractually promised compensation payoff, it is optimal for the manager to choose the effort
levels specified by the contract:

a = argmax Wy (car,a’). (3)
a/

In addition, the manager’s participation constraint requires that the contract deliver to the manager at
least his reservation value W, . The participation constraint is imposed only on each recontracting

date t; so that both L and M commit to the contract until date ¢;;1. Hence,
Wit g, (er,a) > EM,ti' (4)

In general, the reservation value W,,, can be time deterministic or stochastic depending on the
contractual environment such as the relative bargaining power of the large shareholder and the manager

in the firm or labor-market circumstances.

'He (2011) shows that there is no loss of generality by restricting attention to incentive-compatible and no-savings
contracts when the principal has the same saving technology (with the same interest rate) as the agent.
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2.4 Equilibrium Characterization

As we show in the following sections, an equilibrium of the model is essentially determined by L’s
endogenous ownership dynamics ©y,. As in DeMarzo and Urosevi¢ (2006) and Gorton, He, and Huang
(2014), we focus on Markov-perfect equilibria in which L’s optimal trading strategy at each date t;
only depends on the current state — the date t; and her prior holdings ©;, = ©;,_1 — rather than
the whole history. L’s ownership dynamics in a Markov-perfect equilibrium are time consistent.

The time line of events between large shareholder’s any two trading dates ¢ € [t;, t;+1) is as follows.
Given her prior shareholdings ©y, ,, the large shareholder makes a trading decision ©;, and determines
the manager’s contract 1I; = ¢z, a; that specifies the compensation payment to the manager and the
recommended level of effort. Due to the incentive compatibility of the contract, it is optimal for the
manager to exert the recommended effort level given the promised compensation payoff. By rationally
anticipating the large shareholder’s trading and contracting decisions, small investors competitively
trade shares of the company based on their optimal consumption and portfolio choices (cg¢,6s+),
which determines the equilibrium stock price P, through the market clearing condition. The next
period starts with the large shareholder’s next trading and recontracting decisions.

In order to solve for the equilibrium fully, we assume the following for the rest of the paper. First,
all the players have constant absolute risk aversion (CARA) preferences over their consumption and
their risk aversion parameters are vy, var and g, respectively. More specifically, their utility functions

are given by

uM(th7 ay) = —Le_'YM(CILLt—\II(at))’
7 Y™
j 1
u'(cig) = ——e 1 fori = L, S. (5)

Yi

Second, we assume that the firm’s mean cash flow and the cost of exerting effort are time-independent



and given by

1
plag, t) = po + prag; ¥(a,t) = 51/’@?? (6)

where the constants g, p1 and 1 are positive.

3 A Benchmark Model: Owner-Manager

We first analyze a benchmark model that corresponds to the model of DeMarzo and Urosevié¢ (2006) .
In the benchmark model, L directly runs the company by exerting costly effort herself, that is, there
is no agency problem between L and M. We then turn to the main analysis of the full model with the
agency problem. Comparing our model to the benchmark model without the principal-agent problem
will serve to illustrate key implications of optimal contracting for the large shareholder’s ownership
dynamics and asset returns. All the detailed proofs are provided in the Appendix.

We first consider L’s problem. Suppose that L’s ownership policy in the firm is given by © =
{©,;1=0,1,..., N}. Given the ownership dynamics, L’s problem is to choose her optimal effort and
consumption decisions that maximize her expected utility

Wit = max E; [/ e " u(ep -, ar)dr| . (7)
t

Cr,,a

subject to the budget constraint
dBL,t = (TBLﬂg — CL,t)dt + @tht — Ptd@t = [T’BLﬂg — CLJ: + @t,u(at)} dt + @tUdZt — lDtd@t (8)

The budget constraint (8) reflects L’s risk-free account balance change in a time interval (¢,¢+ dt) due
to her instantaneous consumption and dividend payment (the change in the firm’s cumulative output in
(1)). We solve the above problem using the Hamilton-Jacobi-Bellman (HJB) approach and summarize

the results in the following lemma. To distinguish the equilibrium solution in the owner-manager case
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from the solution of our main model with optimal contracting, we indicate the equilibrium variables in

this scenario by superscript o.

Lemma 1
Given the large shareholder’s ownership dynamics © and the stock price process P, the large share-
holder’s value function at time t has the form of

1 _ o Sp—r
WP «(Brg,t) = ———e L [T(BL’t+G He.PY+Z7 ] 9)
YLT
Her optimal effort and consumption policies are
CZ? = %@ta
o, —r
¢, = r(Bri+G°(t|©,P))+ ¥(a)) + LV —. (10)
L

In the above, the time dependent certainty-equivalent payoff, G°(t|©, P), is
Go(1le, P) = / e [k (O, 7)dr — PrdO.],
t
where k7 (©y,t) is the net benefit flow to the large shareholder from holding ©; at time t

1
B2(O1,1) = Oyp(af) — W(af) — Sur”. (11)

Note that if ¢ is in a time interval [¢;,%;+1), L’s sharcholdings are held constant (©; = ©,), and
her optimal choice of effort and net benefit flow from holding a block of shares in the firm are also

constant. In this case, L’s certainty-equivalent payoff satisfies the following recursive equation:

Go(t|®, P) =

S| =

(1 - e*’”@m*t)) kS (O, 1) + e "0 GO(1;,4|0, P). (12)

L exerts greater effort when she holds a larger block of shares in the firm, when the productivity of
effort is higher, or when the unit cost of effort is lower. L’s net benefit flow from holding ©; represents
the investor’s optimal trade-off between expected payoff and risk from her shareholdings. Note that
the expected payoff is reduced by the effort cost solely borne by L in the owner-manager case.

We now turn to the problem of small investors who, given an anticipated trading policy (:)t and
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effort choice a; for L, make optimal portfolio and consumption decisions continuously as shown below:

o0
Ws = max Ey [/ e_T(T_t)u(cS,T)dT . (13)
t

cs,0s

These atomistic investors trade the shares of the firm competitively as price takers, but by forming
expectations regarding L’s optimal policies. The investor’s risk-free bond account changes within a

time interval (t,t + dt) as
dBs; = (rBs; — cs)dt + 0sdX; — Pidfs, (14)

where Bg; and 0g; are the investor’s holdings of the risk-free bond and the firm’s stock at time ¢. The
investor’s wealth process Yg; from the portfolio holdings is Ys; = Bgs; + 0s:P;, which thereby evolves
according to

dY&t = (TYS’t — Cs’t)dt + 957t(dpt + dXt — ’I”Ptdt). (15)

From the above problem for small shareholders, we derive the equilibrium stock price P; through

the market clearing condition, which is described in the next lemma.

Lemma 2
The equilibrium stock price is given by

Py = / e "KL (O,, T)dr
t
where k2(04,t) = pu(a?) — (1 — Oy)vysro. (16)
The expected dollar return of a stock and its volatility are

up=(1—-06y) ’}/57‘0'2; oh =o. (17)

In the above, kg represents the marginal benefit flow to the atomistic investors from holing an
additional share of the firm, which can be interpreted as those investors’ valuation of a share. One can
easily check that the investors’ valuation linearly increases with the L’s shareholdings ©;. In addition,

as the excess dollar return for holding a share of the firm’s stock within the time interval (¢,¢ + dt) is
12



defined as

dR; = dP; + dX; — rPidt = (1 — ©y)ysrodt + odZ;, (18)

we can obtain the expected excess dollar return or risk premium of the stock and its volatility. Note
that L’s shareholdings affect the risk premium for the stock only through its effect on the supply of the
shares, not the demand for the shares. As L holds a larger block of the company’s stock, the stock’s
liquidity available to small shareholders is lower, thereby increasing the current stock price and, thus,
lowering the expected stock return, which is shown by the term (1 — ©;) in (17). Note that the impact
of L’s effort choice on the firm’s cash flow process is expected by small investors and thereby captured
by the stock price, which is why the demand for the shares is not affected by L’s ownership level.

We note here that the equilibrium stock price is a deterministic function of time, that is, the
stock price is not dependent upon the realization of the output process. As we show in the next
section, the equilibrium stock price is stochastic when we introduce the agency conflict between the
large shareholder and the manager. If L were to hold the same equity stake in the firm over time, the
resulting stock price would remain unchanged. As she makes a trading policy on each of the finite set
of dates, the equilibrium stock price jumps due to the change in her ownership stake which is rationally
anticipated by investors. Thus, we have the following recursive form of the stock price at L’s trading
date ¢; :

Ptz = PO(@twti) = ¢ikg'(®tmti) + (1 - r¢i)PO(6ti+1>ti+1)' (19)

where ¢; = % (1 — e"’(t’i“_ti)) . This form of the equilibrium stock price is useful for the characterization
of L’s optimal trading policy over time as we show below.

As noted earlier, we focus on a Markov-perfect equilibrium for L’s optimal ownership dynamics
that maximizes her certainty-equivalent payoff (11) and, therefore, her value function (9) given her

prior holdings ©;, , and the stock price process P°.
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Lemma 3
The large shareholder’s optimal trading policy in the owner-manager case is characterized as follows.

GO,y ti) = max $ikp (O, i) = (0 — O, )P(O, 1) + (1 = rdi)G(8, tit1), (20)

whose first order condition for © is given by
K21(0, 1) — K2(0, 1) — (0 — Oy, k%, (©) = 0. (21)
Using the above, we obtain the analytical solution for the large shareholder’s optimal holdings Oy, (0, ;)

as )
vOy,_, +ysro

v+ (v +ys)ro?’

07 (6r,,) = (22)

2
where v = %1 +~vgro? >0 and v = 1, + 7s.

In the first-order condition (21), the first two terms represent L’s and the small investors’ marginal
benefit flows from holding an additional share. The wedge between the value to L and the value
to the small investors is necessary to induce a trade on date ¢;. One can see that if the wedge is
positive (negative), then L purchases additional shares (sells part of their shares), that is, ©;, > Oy, |
(B, < Oy, ,). With our specific forms of the functions, L’s time deterministic trading decision is
analytically characterized as shown by (22). In addition, note that there is a unique solution 0 < 0, < 1
on each date t;, which confirms the existence of the unique subgame perfect equilibrium in the owner-
manager case. Further, it is straightforward to show that L will trade gradually on each date toward

the following ownership level:

[
YL + s’

(23)
which is in effect the price-taking (or competitive) equilibrium that is determined by (21) without
taking into account the impact of L’s trading policy on the stock price. In other words, the level of the
pricing-taking equilibrium is the one at which there is no wedge in marginal valuations of these groups
of investors, thereby inducing no further trading. If L’s initial holdings of the stock is higher (lower)
than this level, she will divest (accumulate) her shares gradually toward the price-taking outcome.

Lastly, as in DeMarzo and Urosevic (2006), the time interval A; = ¢;41 —t; between L’s trading dates,

that is, the frequency of trade, does not affect L’s ownership dynamics. The implication of this result
14



is that, in the continuous-time limit as the time interval between successive trades by L tends to zero,

L immediately trades to the price-taking level, ©°, and maintains her holdings at this level

4 The Model with Optimal Contracting

We now examine the main model that incorporates the agency conflict between L and M.

4.1 Optimal Contracting

Suppose that L’s trades over time are given by © = {©y,; i =0, 1,..., N} and the stock price process is
P. As described in Section 2.3, we consider a sequence of contracts {II;} under the assumption that L
recontracts with the manager on each of the finite set of dates when she changes her ownership stake in
the firm. Each of the managerial contracts, which specifies the instantaneous compensation payoff and
recommended effort level at each date over the period during which the contract lasts, is determined
in a way that maximizes L’s expected utility subject to the incentive compatibility and participation
constraints for the manager as specified in (3) and (4).

Following the dynamic contracting literature (Williams, 2009; Sannikov, 2008; Cvitani¢ and Zhang,
2013), we take the manager’s continuation value Wy, defined in (2) as another state variable whose

value evolves according to the following stochastic process

dWM,t = (5MWM,t — UM(CM’t, CLt)) dt + XM,tJdZt' (24)

In the above, x /¢ is a Fi-adapted process that represents the sensitivity of the manager’s continuation
value to the exogenous shock in the firm’s output and plays a key role in the provision of incentives,
as will become clear later.

As the aforementioned studies show with a detailed proof (see, for example, Williams (2009)), the

incentive compatibility constraint for the manager can be replaced by the following local incentive
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compatibility constraint under certain technical conditions:

udl (cary, ar) _ V(ay)
W (at) 1 (ar)

XM,t - - H(CM,tv Clt) > 07 (25)

where H(cpyg,ar) = e ™ (em=%(ar))  This constraint corresponds to the first-order approach in the
standard static principal-agent problem. When facing the contract that promises to provide the man-
ager with the continuation value Wy, satisfying the local incentive compatibility, the manager will
find it optimal to choose the effort level recommended by the contract.

The large shareholder’s optimal contracting problem given her ownership policy and stock price
process is now defined as the problem with the following two state variables: (i) L’s risk-free account

balance By ; in her budget constraint,

dBL,t = (TBL}t - CL,t)dt + @t(dXt - CM#/dt) - Ptd@t, (26)

which now reflects the reduction in the instantaneous dividend payoff due to the manager’s compen-
sation payment, and (ii) the manager’s continuation value Wy, in (24) after substituting (25) for
Xn,t- We solve the problem using the HJB approach that is similar to the owner-manager case and

summarize the results in the following proposition.

Proposition 1
Given the large shareholder’s ownership dynamics © and the stock price process P, the large share-
holder’s value function at time t has the form of

1 —_ * 67 _ §L—T
Wi (Bros Wi, t) = ———¢ " [F(BL.+G* (110.P)+ 2L In(~ W)+ 27| @)
’ yLT

The optimal policies are

S 5 —
Go = r(Bri+G(HO,P) + —-In(—Wapy) + ="
YM YLT
ai = o,
Cpmt = _7111(615)_7ln(_WM,t)+\I}(at)' (28)
YM YM
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The manager’s expected utility process from his optimal employment contracts follows

* * 1 * *
A (-Win) = (s = g (oie)?) e = iz, (20)
where 5 y
fve = Onm — == oy = —ofo. (30)
™M M1

In the above, oy and (B; are determined by
Be = yur [ymaf (Yoy — pa) +1],

- (1 + ”et) oyt + (YLrOwo) oy, + (7’ - ) = 0. (31)
M
The large shareholder’s certainty-equivalent payoff, G*(t|©, P), is
G*(t|©, P) = / e (ki (O, 7)dT — PrdO,]
t

where the net benefit flow to the large shareholder from holding ©; at time t is given by

kp(©t) = © [H(at) - <_’YM In B — W (NW,t - 2(UW,t)2> + \I/(at)ﬂ
* 2
Wt
- ifyy“@t <a — ’YMT) (32)

In the above, both L’s consumption and the manager’s compensation are linear in the log of
the manager’s continuation value process Wj\k/[’t. The linear forms are consistent with other dynamic
contracting models with a CARA-normal setting (e.g, Williams, 2009). Also, note that the manager’s
recommended effort level oy and the fixed component of the manager’s compensation payoff 3; are
dependent upon L’s shareholdings ©; in a non-linear manner.

Because the manager’s expected utility is generated from his optimal contract, we can infer some
implications for his compensation payoff by looking at how his continuation value evolves over time.
Using the optimal policies in (28) we can specify the evolution of the state variable, the manager’s
expected utility (or continuation value) process, as a geometric Brownian motion with drift Ky, and
volatility Jf},’t, which are dependent upon L’s holdings ©; and other parameters, as shown in (30).

The manager’s pay-performance sensitivity), denoted by PPS}, is the dollar change in the CEO’s

pay for a dollar change in the firm’s cumulative output X;. By deriving the incremental increase in the
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manager’s compensation payment for the interval [¢,t + dt] from (28) and (29),

*

* 1 * 1 * g )
depy = " (Mw,t - 2(Uw,t)2> dt + %dZt, (33)

we obtain the incentive measure related to the firm’s output as follows:

dc’ oy 1 W
pps) = At _ Wt - ([ 34
YdXy  ymo yw \m b ) (34)

where the last equality follows from the definition of oy, in (30). This incentive measure, as well as
another measure that will be defined later, is positively associated with the volatility term ofj, of the
manager’s expected utility process. To put it differently, the manager’s contracts provide the manager
with effective incentives by optimally adjusting the volatilities of the manager’s consumption and his
continuation value. Importantly, as o and ; are dependent upon Oy, the manager’s PPS with respect

to the firm’s cash flows is also related to L’s holdings of the stock.

4.2 Equilibrium Stock Price

By rationally anticipating L’s ownership stake and her decision on the manager’s optimal contract,
small shareholders trade the shares of the firm competitively, that is, they take the stock price as given
in making their portfolio choice. The following proposition characterizes the stock market equilibrium
derived from the optimal portfolio and consumption problem of small shareholders and the stock market

clearing condition.

Proposition 2
As small investors rationally anticipate the large shareholder’s trading © and compensation Pi policies,
the equilibrium stock price is derived as

1
Pt* = eTtA(@ti,ti) + — ln(*WM,t)
YMT

= / efr(fft)kg(@T,T)dT—}—
t

o In(—Whre) (35)
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where

dA

—e "MK (O, t)dt

65600 = nlet) — (~—- -~ (jaws = ok ) + 0a)) - 1= Bnsr (o - ”m)fam

YM YMT 2 YMT

The the expected dollar return of a stock and its volatility are

e\’ Tt
i = (1= O1sr (0= T gy o - T 7

It is important to note that the equilibrium stock price in the presence of optimal contracting
consists of both time deterministic and stochastic (as it is dependent upon the state variable In(—W7,,))
components, which represents a key point of distinction from the equilibrium stock price in the owner-
manager case (see Lemma 2). We can further derive the recursive form of the stock price on L’s trading

date t; as
* * * 1
P = P*(O;,t;) = ¢ik5 (O, ti) + (1 — 1) A(Oy,, tiy1) + o In(=Warz,)- (38)

As shown by Propositions 1 and 2, the manager’s optimal compensation payment ¢y and the equi-
librium stock price P} are negatively and positively related to the log of the state variable, ln(—WMt),
respectively, which suggests a negative relation between CEO pay and contemporaneous stock price.
This negative relation appears because the current stock price reflects the costs of compensating the
manager that are shared by all shareholders.

The excess dollar return for holding a share of the firm’s stock within the time interval (¢,¢+ dt) is

defined as

dR; = dP} +dX; — cjy,dt — rPdt
* 2 *
g g
= (1—©y)ysr (a - V”) dt + (a - W”*) dZ;. (39)
YMT YMT
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By combining the above definition of the excess dollar return on the stock and the equation for the
incremental change in CEO pay, (33), we can define another pay-performance sensitivity measure as

the dollar change in CEO pay for a dollar change in the stock return:

dc} roy)
pPps? = Mt — Wt (40)
ARy YMTO = Oy

Further, the drift and volatility terms in the second equation in (39) represent the expected stock
return and stock return volatility in equilibrium. As one can easily see in (37), there is a positive

relation between the stock market variables,

Wit = (1= O TR, (41)

which arises because the collective demand for the stock by small shareholders with CARA preferences
is competitively determined by the expected stock returns adjusted for the investor’s risk premium,
,u*Ri / (’ysra}k{,tQ), which must equal the supply of the shares, 1 — O, to ensure market clearing.

It is worth noting that, in contrast to the owner-manger case, L’s trading policy ©; has both direct
and indirect influence on the expected stock return p}‘“ in the case of agency contracting. On the
one hand, her ownership stake reduces the stock’s liquidity available to small shareholders, thereby
increasing the current stock price and, thus, lowering the expected stock return, as shown by the term
(1 — ©). By Proposition 1, on the other hand, her ownership also affects the volatility U;V,t of the
manager’s expected utility process. As implied by the two measures of managerial incentives, (34)
and (40), the volatility term is effectively chosen by L through the implementation of the manager’s
contract. That is, a higher sensitivity of CEO pay to the firm’s output or stock return leads to more
volatile compensation payments to the manager, thus rendering more volatile expected utility process

for the manager. Since shareholders receive the dividend streams net of the manager’s compensation
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payments, more volatile CEO pay implies less volatile residual cash flows and, thereby, lower stock

return volatility.

4.3 Large Shareholder’s Optimal Ownership Policy

We now look at L’s decision for her optimal trading policy on date t; that maximizes her certainty-

equivalent continuation payoff (32), given her prior holdings ©;, , and the stock price process P;.

Proposition 3
The large shareholder’s optimal trading policy at date t; is

* * * S}
G <@ti_17ti) = mgx (ﬁikL(@, ti) — (@ — @ti_l)P (@, ti) -+ (1 — T¢Z)G (@, ti+1) + W ln(—WM,t). (42)
The first order optimality condition is given by
(1 — T‘gﬁz) 1

kr1(©;,,ti) — ks(©f,,ti) — (©F, — O, )ks1(07,) + ——————In(=W,,,.) = 0. (43)
oi  YmrT

By comparing the above first order condition to (21), one can notice a few distinctions in the
optimal contracting case from the owner-manager case. First, the the share value to L, k7, and the
share value to the small investors, kg, are now affected by the manager’s optimal contract, which are
reduced by the expected value of the manager’s instantaneous compensation payoftf and increased by
the reduction in the stock return volatility due to optimal risk sharing with the manager through the
contract. Since k; and kg are non-linear in Oy, it is difficult to find an analytical solution. We thus
characterize L’s ownership dynamics by solving the above first-order condition numerically. Second, in
sharp contrast with the owner-manager case, L’s optimal trading policy is affected by the manager’s
reservation value W, on the date of recontracting as well as the time interval A; between L’s trading
dates (as embodied in ¢). Consequently, L’s optimal trading policy does depend on the frequency of
trading because the latter affects the duration of the manager’s contracts. Because of the non-linearity
of the first-order condition (43), an analytical characterization of the effects of optimal contracting
for general parameter values cannot be obtained. Hence, we provide a more detailed discussion of

the effects of optimal contracting after numerically exploring L’s ownership dynamics. Lastly, we can
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still obtain the long-term or steady-state level, 0", of L’s holdings from the price-taking equilibrium,
which also depends on the steady-state levels of the manager’s reservation value and L’s trading and
recontracting frequency. As we will see later, the optimal contracting dynamics depending on the
manager’s contract environment influences both the long-term (steady-state) level of L’s equity stake

in the firm and the time-path of her ownership dynamics.

5 Model Implications

We numerically characterize the equilibrium solution in the full model and the benchmark “owner-
manager” model. We first look at the case in which the large shareholder’s trading takes place only
once. The single-round case is intended to discuss the equilibrium correlations between the three key
variables — the large shareholder’s ownership, managerial incentives, and stock returns. We then

discuss the large shareholder’s ownership dynamics when she dynamically trade.

5.1 Baseline Parametrization

Table I reports the baseline parameters of the model. We take the risk-free rate r = 2% (Guvenen,
2009)) and the firm’s output (cash flow) volatility o = 0.25 (He, 2011). For simplicity we set each
economic agent’s time discount rate d; to 0.0513 so that the annual discount factor e=% = 0.95 for
i =L, M,S. The time interval between the large shareholder’s successive trading dates is set to 1 year.
We set the unit cost ¢ of effort and the constant term g in the mean cash flow function p(a:) to 1,
respectively.

The remaining parameters include the coefficients of absolute risk aversion for the manager and
for shareholders, the productivity of effort, and the manager’s reservation value that is assumed to
be constant over time. We assume that both groups of shareholders are identical in terms of their
risk aversions. These parameters are chosen to match the following empirical moments reported in

Table II: (i) the median shares (37%) owned by large shareholders (or blockholders) in a randomly
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selected, CRSP- and Compustat-listed corporation as reported in Holderness (2009); (ii) the manager’s
pay-performance sensitivity (the dollar-to-dollar measure) of 0.3% (that is, a manager’s wealth rise of
about $3 for each increase of $1,000 in firm value) as documented in the empirical literature (Jensen and
Murphy, 1990; Edmans et al., 2008); (iii) the average Sharpe ratio in the U.S. data that is reported in
Guvenen (2009); (iv) the median market-to-book ratio (1.183) of Compustat-listed firms as documented
in Riddick and Whited (2009).

Given that these moments documented in the literature are relatively stable over time, we match
them with the long-term (or steady-state) equilibrium of the model with agency contracting where the
large shareholder finds it optimal to hold the same level of shareholdings over time. In particular, to
match the observed market-to-book ratio, we define the model-predicted ratio (W*) in the steady-
state using the fact that the stock price of a firm represents its total market value because there is one
share of asset outstanding. The market value of equity (W*) is thus the steady-state equilibrium stock
price, which can be obtained from (35) as below by noting that small investors’ marginal valuations of
the dividend flow k%(-) in (45) is constant over time at the steady-state level of the large shareholder’s
ownership o

— 1, 1
MV = =kt —— In(— . 44
Vv Tks<@ )+ T n(—W,) (44)

Our proxy for the book value of equity (BV™) is the stock price of the hypothetical firm in the absence

of the manager’s human capital inputs (e.g., Jung and Subramanian, 2014; Ou-Yang, 2005).
=Tk 1~ — o ok —%
BV = ~k%(0") where k5(07) = pp — (1 — 0" )ygra. (45)
r

By matching their ratios to the median book-to-market ration from data, we can pin down the param-
eters in the mean cash flow function, uo and p;.
The baseline parameters in Table I suggest that, in order to match the empirical moments reasonably

as shown in Table II, the manager is more risk averse than shareholders, which reflects the anecdotal and
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empirical evidence. Also, it is necessary to have the manager’s reservation value that is different from
minus one, which implies the importance of taking into account the agency contracting environment
to generate the equilibrium outcome consistent with the data. It should be noted, however, that
this calibration exercise is only intended to ensure that our subsequent quantitative analysis provides
empirically relevant predictions rather than estimating the parameters (Strebulaev and Whilted, 2011).

Table II reports the steady-state equilibrium values of the key variables for the optimal contracting
case and the owner-manager case. The large shareholder’s long-term ownership in the presence of
optimal contracting is lower than in the owner-manager case in which the large ownership is simply
determined by the perfect risk-sharing between the large shareholder and small investors based only
on their relative risk aversion. The large shareholder can induce the manager to put greater effort
through optimal contracting than the effort level she would exert directly in the owner-manager case
where the large shareholder needs to bear the full cost of effort. The sensitivities of the manager’s
optimal contract, which are captured by the manager’s positive PPS measures, reduce the volatility of
the firm’s dividend process, thereby effectively lowering its stock return volatility and, therefore, the
expected excess dollar return from holding its share. The resulting Sharpe ratio is slightly higher in

the owner-manager case than in the contracting case.

5.2 Ownership Structure, Stock Returns, and Managerial Incentives

In this subsection, we explore the three key variables that are endogenously determined in the equi-
librium of the model with the optimal agency contracting — the large shareholder’s ownership, stock
returns, and the managerial incentives. To focus on their equilibrium correlations, we restrict our
attention in this subsection to the case in which the large shareholder’s trading takes place only once
on date zero. For simplicity, we assume that the large shareholder holds no equity stake in the firm

and contemplates purchasing a certain number of shares of the firm.
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One can easily check that the large shareholder’s ownership decision on date zero is reduced to
1
" = arg max Q(0)0%%(0), where Q(0) = |750(1 — 0) — §7L®2 (46)

where o7}, is given by (37). The large shareholder’s objective function above consists of two parts.
The first term is a quadratic function of © in the bracket that depends on the risk aversions of the
large and small shareholders. The second one is, more importantly, 0*%(@), which, as we discussed
earlier, reflects the effects the large shareholder’s ownership has on the firm’s stock return volatility
through her control over the manager’s compensation contract. If there exists an interior solution for

the optimal large ownership ©* € (0, 1), then the solution satisfies

o} (©") (:7 o'(67) > UCHN (47)

where o7y, is given by (30). In the above, the term on the left-hand side represents the rate of increase
or decrease in the firm’s stock return volatility with respect to an increase in the large shareholder’s
ownership stake that arises through its effect on the manager’s optimal contract. In other words, this
term captures the large shareholder’s trade-off between incentive provision and risk-sharing with the
manager in choosing an optimal contract for the manager. The right-hand side, however, represents the
large shareholder’s risk-sharing with small shareholders based on their relative risk aversions. Under
a reasonable set of parameter values (including the baseline parameter values), the equilibrium stock
return volatility declines with the large shareholder’s ownership stake, that is, og/(@) < 0.

To provide further implications of the model, we now explore the effects of the model parameters
on the equilibrium outcome with one round of the large shareholder’s trading. Specifically, we vary
each of the parameters — the firm’s cash flow volatility o, the productivity of effort, and each player’s

risk aversion ~; for i = L, M, S.—about their baseline values, respectively, and obtain the equilibrium
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solution in each scenario. In addition to assessing the impacts of each parameter change on the three
key equilibrium variables including the large shareholder ownership, managerial incentives, and stock
returns that are endogenously determined by the same underlying factors, we can also derive their
relationships in a general equilibrium setting that generate some important empirical implications.
Figure 1 shows the equilibrium correlations of the key variables in response to variations in the
firm’s cash flow volatility. As the firm’s underlying cash flows become more volatile, the firm’s dividend
process and, therefore, its expected stock return and stock return volatility increase with the underlying
risk. As the uncertainty in the firm’s output increases, it is more costly for the large shareholder to
induce the manager’s effort effectively, thereby lowering the sensitivity of the manager’s compensation
payment to the firm’s output. As the risk sharing effect of the managerial contract is reduced at the
margin, which is captured by (47), the large shareholder will choose to hold a lower equity stake, which
suggests negative relationships between the large shareholder’s ownership and stock return variables
such as stock return volatility and expected excess dollar return from holding a share of the stock. In
contrast, the owner-manager, who does not face an agency problem, chooses a higher equity stake as
the wedge between the large shareholder’s and small investors marginal valuations of a share increases
with the underlying volatility. The owner-manager case shows the opposite relationships, that is, as
the underlying risk of the firm changes, its large shareholder ownership and expected stock return and
stock return volatility move in the same direction. Based on the discussion above, when the firm’s
underlying risk changes, the expected stock return and stock return volatility move in the opposite

direction with the manager’s pay-performance sensitivity, as the second set of graphs shows in Figure

Figure 2 shows the variations of the equilibrium variables with the productivity of effort. Recall
that it is the large shareholder who exerts effort in the owner-manager case that affects the firm’s
output process, whereas it is the manager in the contracting case who receives incentives to provide the

recommended effort levels. As the productivity of effort increases, it is optimal to effectively increase
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the level of effort up to the point that equates marginal benefit to marginal cost. In the owner-manager
case, however, the the cost of effort is solely borne by the large shareholder. Since the marginal cost of
effort increases with her shareholdings, the large shareholder reduces her holdings of the stock, which
in turn increases the shares available to small investors and thus lowers the stock price. This explains
the negative correlation between the large shareholder’s ownership and the expected stock return in
the owner-manager case. In the presence of optimal contracting, however, the large shareholder can
raise incentives to induce the effort level that is optimal in response to an increase in the productivity.
Note that the cost of inducing greater effort is shared with small investors, Further, as the increased
incentives lowers the stock return volatility, the large shareholder can choose a higher equity stake in
the firm and thus imposes a negative correlation between large shareholder ownership and expected
stock returns and stock return volatility. The equilibrium correlations of the managerial incentives and
stock return variables or the large shareholder ownership are similar to those shown in Figure 1.

We also report the quantitative effects of either of the risk aversion parameters in Figures 3-5. As
noted earlier from (47), the large shareholder’s optimal ownership stake is mostly affected by her risk
sharing incentives both with small shareholders and the manager. The large shareholder’s optimal
ownership stake thus declines with vz, but increases with the risk aversions of other players (s and
~var)- Also, each coefficient of risk aversion affects the level of managerial incentives: a higher level of risk
aversion of each group of investors (v, or 7g) induces higher incentives to the manager, whereas that
of the manager induces lower incentives as the costs of risk sharing with the manager becomes higher.
These observations imply the corresponding correlations between the large shareholder ownership and
managerial incentives. As higher incentives received by the manager can lower the volatility of the
dividend process and therefore the stock return volatility, we can obtain clear implications for the
stock return volatility. The predictions on the expected stock return, however, are relatively subtle
in the sense that the expected stock return is determined by both the large shareholder’s ownership

choice and the stock return volatility.
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In addition, it is clear that both the expected stock return and stock return volatility are higher in
the owner-manager case than in the presence of optimal contracting. As emphasized above, the optimal
incentive provision to the manager plays a significant role of risk-sharing, which effectively lowers the
firm’s stock return volatility. The observation that the owner-manager case involves a more volatile
stock return and a higher risk premium partially explains the higher equity risk premium in emerging
markets, in which owner-manager firms, that is, family-controlled public firms are more prevalent, than
in developed markets. As noted above, the expected stock return increases as either group of investors
becomes more risk averse, but its volatility decreases. It is also interesting to see that the manager’s
risk aversion can increase the expected stock return and stock return volatility. By considering the
manager’s trading for managerial incentives, Gorton et al. (2013) show that managerial trading results
in more volatile stock prices and higher risk premiums only when the manager is more risk-averse than
investors. However, in their model, this finding only holds with dispersed small investors, not with
large shareholders.

Further, it is worth emphasizing that the key endogenous variables in equilibrium — large share-
holder ownership, managerial incentives, expected stock return and stock return volatility — can be
positively or negatively associated with each other, depending on which parameter value changes. First,
the equilibrium correlation between the large shareholder ownership (or outside block ownership) and
the pay-performance sensitivity of CEO compensation can be positive when the underlying firm risk,
the productivity of effort or the risk aversion of small shareholders varies. But their correlation can be
negative when the risk aversion of the large shareholder or that of the manager changes. The empirical
evidence is mixed regarding their relationships. Mehran (1995) and Bertrand and Mullainathan (2001),
on the one hand, argues by showing a negative association between incentive-based compensation and
the size of external block ownership that monitoring by large shareholders appears to be a substitute
for incentive compensation for aligning incentives. More recent studies such as Almazan, Hartzell and

Starks (2005) and Kim (2010), on the other hand, show that the sensitivity of CEO compensation to
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firm performance is positively associated with the level of outside block ownership. Whether these two
major governance mechanisms are complements or substitutes should be addressed in a framework of
general equilibrium interactions as in our study.

Lastly, we find that the large shareholder ownership is negatively related to the expected stock return
and stock return volatility when the firm’s underlying risk or the productivity of effort changes, whereas
their correlation can be positive when their is an exogenous shock that affects the risk aversions of the
players. Whether the pay-performance sensitivity of the managerial contract is positively or negatively
related to the firm’s expected stock return also depends on the underlying parameter value changes.
Given that we take into account the endogenous determination of corporate governance mechanisms
rather than taking corporate governance quality as exogenous, we can address the the mixed empirical
evidence in the literature initiated by Gompers, Ishii and Metrick (2003) that has studied the impact
of corporate governance on stock returns. Some follow-up studies, including Johnson, Moorman and
Sorescu (2009) and Bebchuk, Cohen and Wang (2013), show that the positive association between
governance and abnormal returns identified by Gompers, Ishii and Metrick (2003) is not robust enough
depending on industry clustering or time period. Our theoretical predictions at least suggest that some
careful consideration is required when one empirically examines the relationships between endogenous

equilibrium variables.

5.3 Large Shareholder’s Optimal Ownership Dynamics

We now consider a trading environment in which the large shareholder can dynamically trade at discrete
times. Figures 6-9 illustrate the large shareholder’s ownership dynamics on a set of discrete dates in
which the large shareholder is assumed to initially hold 80% of the firm’s shares outstanding. Each
figure shows the firm’s ownership dynamics in response to variations in one of the model parameters
both for the owner-manager case and for the contracting case.

As DeMarzo and Urosevié¢ (2006) emphasize, in the owner-manager case, the model parameters, in

29



particular, the firm’s underlying risk and the productivity of effort, affect the speed of adjustment at
which the large shareholder trades the shares of the firm towards the competitive level over time that is
determined at the perfect risk sharing between the two groups of investors. The more volatile the firm’s
cash flows or the less productive the firm is, the greater the owner-manager’s desire to reduce her stake,
thereby increasing the convergence rate. What matters more in the contracting case, however, is the
competitive level itself rather than the rate of convergence. Interestingly, the large shareholder tends
to hold a greater equity stake in the long-run when the firm’s underlying risk is higher or when the firm
is less productive. In contrast to the owner-manager case, the large shareholder can optimally choose
the manager’s contract which has an impact on the firm’s stock return volatility and thus the large
shareholder’s risk premium. As the firm’s cash flows become more volatile, the costs of risk-sharing
between L and M increase so that the incentive intensities of M's contracts decrease. As a result, L
holds a higher equity stake in the firm. The reverse is true when the cash flow volatility declines. In
fact, our results show that, in some scenario, L may find it optimal to sell her stake entirely when
volatility falls sufficiently far. This is a manifestation of the optimality of high-powered incentives
for the agent when output risk is low. If the firm is less productive, on the other hand, the large
shareholder needs to provide greater incentives to lead to the optimal effort level, which in turn lowers
the stock return volatility so that she can hold more shares of the firm.

In Figure 7, one can see that the manger’s reservation value is critical for the large shareholder’s
ownership dynamics. If the large shareholder needs to promise a greater continuation value to the
manager (a higher W ,,), she tends to trade towards zero holdings, and vice versa. Although we have
simplified the recontracting environment in our numerical exercise by assuming a constant continuation
value over time, one can extend the analysis by incorporating the time varying contracting environment.
As DeMarzo and Urosevi¢ (2006) point out, if the competitive equilibrium level of the large shareholder’s
ownership is time-varying, then the large shareholder’s optimal ownership policy is not necessarily

monotonic in time. The contracting environment, due either to the labor market dynamics or to the
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bargaining game between the large shareholder and the manger, can be a source of non-monotonic trades
or trades towards zero holdings by the large shareholder. In relation to recontracting with the manager,
we show in Figure 8 that the frequency of the large shareholder’s trading and therefore recontracting
also affects her long-term holdings of the stock. At the baseline value of the manager’s continuation
value (W,; = —0.90), the manager’s reservation value is set to this level on every recontracting date.
Since this level renders a negative value to the large shareholder as shown in the first-order condition
(43) for her optimal trading policy, a higher frequency of recontracting (that is, a smaller time interval
between her successive trading dates), she chooses to hold small shareholdings or even immediately

divest all of her shares of the company.

6 Discussions

There are several directions in which the relatively simple structure in this paper can be extended.
First, we have considered a representative firm in the current paper so that there are only two assets
available to investors — the risk-free bond and the firm’s stock. We intend to extend this simple
model to a general framework of multiple firms in a subsequent paper that would allow us to present a
CAPM with optimal managerial contracting and and cross-sectional implications for large shareholder
ownership, managerial incentives, and stock return characteristics (expected returns, volatilities, and
stock betas). More importantly, these theoretical predictions should be supported by empirical asset
pricing tests.

Second, we have simplified the implementation of optimal contracting by making the assumption
of recontracting on the large shareholder’s trading dates. It would be certainly interesting to see how
the equilibrium outcome would change by assuming that the large shareholder commits to an optimal
long-term contract, while at the same time trading significant blocks of shares in the firm.

Third, we adopt a simple CARA-normal setup in this paper. This enables us to obtain a closed-
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form solution for the optimal contract, equilibrium asset price and ownership structure. There are two
theoretical limitations to the generalization of the framework. As Sannikov (2008) presents numerical
solutions to the contracting problems with different non-CARA preferences, it would be difficult to find
a closed-form solution even to the optimal contracting problem. In addition, under different preferences
and cumulative payoff structures, it would not be plausible to guess and verify the specific form of the
equilibrium price. More work would be necessary to obtain the general form of the price process in
such a generalization.

Finally, we do not consider an endogenous distinction between the large shareholder and small
shareholders as in Admati, et. al (1994) and DeMarzo and Urosevié¢ (2006). As our simple calibration
exercise suggests risk preference differences between these two types of investors in order to match the
empirically observed moments, it would be interesting to further explore an ex-ante investor’s choice
to be a large shareholder in a particular firm in equilibrium, possibly by taking into account a fee

structure that the large shareholder charges small shareholders for the extra risk she bears.

7 Conclusion

We present a simple tractable dynamic framework that embeds a standard managerial moral hazard
problem into an asset pricing model with a large shareholder. Using a simple CARA-normal continuous-
time framework, we fully characterize the endogenous determination of a representative firm’s ownership
structure, managerial compensation and stock return characteristics and examine their equilibrium
interactions. We compare the equilibrium solutions in the owner-manager and agency contracting cases
and then discuss the impact of optimal contracting on the large shareholder’s ownership dynamics and
the firm’s equity prices.

We show that, in contrast to the benchmark owner-manager case, incorporating the optimal con-

tracting problem results in a stochastically evolving stock price and nontrivial dynamics for the large
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shareholder’s ownership. Also, the additional sensitivity of the manager’s contract that is required for

the incentive provision implies a lower stock return volatility and a lower expected stock return than

in the owner-manager case. In addition, it is plausible that both large shareholder trading policy and

stock price can be affected by the contracting environment that varies due either to the labor market

dynamics or to the bargaining power between the large shareholder and the manager. Finally, we pre-

dict the correlations among the equilibrium variables in response to variations of the model parameters,

which can help to explain the mixed evidence in the empirical literature.
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Appendix: Proofs

While small shareholders can trade shares of the firm continuously, the large shareholder trades its
shares ©, on a finite set of dates with ¢ = 0,1,..., N (note that ¢ty = T). Consider the interval
t € [ti,tiy1) on which the large shareholder’s equity stake is held constant: ©; = O;,. In the following
we first prove the result for owner-manager case. It is almost identical to DeMarzo-Urosevic (2006),
but serves as an illustration of proofs for our main model.

Owner-Manager Case

We first look at the owner-manager case with no contracting. The large shareholder’s value function,
that is, the expected utility at time ¢ from her consumption and effort choices continuously adjusted
over the period is

tit1
Wi =max E; [/ e " Du(er)dr| (48)
t

cr,a

which we conjecture is of the form

LG_A/L [T[BL’t"l‘G(t)]“r (SL_T] '

F(Bpy,t)=— " 49
(Buat) = —— (19)
By solving the HJB equation, we have
G'(t) = rG(t) — k(O 1) (50)
where k7,(O,t) is the net benefit flow to the large shareholder from holding ©; at time ¢,
1
kr(O4,t) = max Oulag, t) — flap, O t) — 5’}@7‘6?02(@“0, (51)

as in the D-U paper. For simplicity, we assume that the mean and volatility terms in the firm’s cash
flows as well as the effort cost are stationary, that is,

1
plae,t) = po + paag; flag, ©4,t) = 590033 o(a,t) =0 (52)

By integrating (50), we obtain

Gt = - (1- 00 Ry (@4, 1) + e TIG 1i41) (53)

Now consider date ¢ = ¢; when the large shareholder makes a trading decision to hold ©;, over the
interval [t;, t;+1) and thus realizes capital gains or losses. We can write the large shareholder’s objective
function for her optimal trading policy on date ¢; as follows:
G(ti) = _(Gti - @ti—l)Pti + G(t;r)
1
= (0 — Oy )P+~ (1 - e—r<fz’+1—ti>) k(O t;) + e " TG ()
r
(54)

where G(t;) represents the large shareholder’s continuous payoff (53) on date t; right after her new
equity stake ©y, is determined.

Now we look at how the equilibrium stock price is determined. Given an anticipated trading
policy and effort choice of the large shareholder ©; and a;, we can show that the equilibrium stock
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price P, which is determined by the market clearing condition for the firm’s shares, is derived as a
time-deterministic function

Pt = 6rtW(@t, t) (55)
where
dw = —e kg(Oy,t)dt
and kg(On,t) = p(ar) — (1 — Op)ysro”. (56)

The above can be rewritten as

P = / e " kg(6,, 7)dr
t

A~

N /too e (w(ar) = (1 = Op)ysra?)dr. (57)

When the large shareholder trades on a finite set of dates, the equilibrium stock price jumps due to the
change in her ownership stake which is rationally anticipated by investors. Thus, we have the following
recursive form of the stock price

Pti = P(étivti) = (Zsiks(étwti) + (1 - Td)i)P(étH-uti-i—l)' (58)

where ¢; = % (1 — e_r(ti“_ti)) .

We now go back to the large shareholder’s decision problem for her optimal trading policy on date ¢;
that maximizes her continuation payoff (54) given her prior holdings ©;, , and the stock price process
P,;,. By taking into account the impact of her own trading policy on the stock price, we can solve the
large shareholder’s ownership dynamics as

G*(Qtiflati) = m@ax Gikrp(0,t;) — (© — 91‘471)P(®> ti) + (1 —rp;)G*(O,tit1), (59)
whose first order condition for the large shareholder’s optimal holdings ©}, (0y,_,) is derived as
kp1(05,ti) — ks (O, ti) — (07, — O, )ks1(07,) = 0. (60)

In the simple stationary example with (52), the above condition directly derives the large shareholder’s
optimal ownership dynamics as

N%@ 2
. 2Oy, +ysrot(1+6y,_,)
ti(@ti71) =£ .

" (61)
?1 + (2ys + yL)ro?

The D-U paper provides the recursive solution for a time-varying linear case.

Contracting case: Proposition 1-3

We now look at the agency contracting case. For simplicity, we assume that the manager’s contract
gets renewed in each of these dates which requires the feasibility of the contract that the manager’s
expected utility at date ¢; is at least as great as his constant reservation utility W*. In a more general
case, his reservation utility can be time varying or stochastic depending on the contractual environment
(Sannikov, 2008). The derivation is similar to the owner-manager case, except now there are two state
variables, the savings account balance By ; and the manager’s value function Wj; ;. They follow the
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following two processes:

dBrt = (rBrs — crt — Ocpre + Oay) dt + OodZ;.

AW = (5MWM,t — My (t, earys at)) dt — M Ouupr(t, cary, ar)odZy

= <5MWMt + 1671‘”(0’”1’*5“"“?)) dt + sOate*”M(CM’t*%“’af)adZt,
M

We follow similar steps through Proposition 1-3 as in the owner-manager case. Given the large
shareholder’s equity stake Oy, on date t € [t;,t;41), we guess that the large shareholder’s value function
is of the form

1 _ i _ S, —r
F(Brt, W, t) = ———e L [T[BL’t+G(t)}+WAf1 In(=Ware)+ 55 ]

yLT (62)

By solving the HJB equation,
G'(t) = rG(t) — k(O 1) (63)

where k1,(©y,t) is given by

2
£1.(00.0) = max O (e + g~ fa) ) + 4 (s = ot ) = goured (o= ) (o)

MT 2 2 YMT
where Cp; = —%Mﬁ — Vﬁln(*WM’t) + fla), pw = op — 7%, and oy = iigzgﬁa This proves

Proposition 1.
We verify that the equilibrium stock price in the agency contracting case has the following form of

N 1
Py = e"'w(0Oy,t) + In(—Wary) (65)
YMT
where
dw = —e "kg(Oy,t)dt
d ks(O4,1) () + ——1nf — f(ar) + — Lot ) —(1-6y) ow )’
n = —1Inp — — — = — — -
a 5 (O, plag Tt at AL W 20'W t)Ysr |\ o AL
(66)

This proves Proposition 2.
The large shareholder needs to choose the optimal trading policy on date ¢; that solves

)
G* (O, ,,t;) = max ik (0,t;) — (0 =0, )P(O,t;) + (1 —rp;))G* (O, tit1) + Py In(—Whse). (67)

By assuming a recontracting case with the constant reservation payoff Wj,, we derive the first order
condition for the above problem by
kpi(©5, ti) — ks(O5,, ti) = (©F, = O, )ks1(0;,) + ——————In(-W,,) = 0. (68)
®i  ymr
Given that k; and kg are non-linear in the the large shareholder’s ownership stake O, it is not easy
to find an analytical solution even in the simple stationary case. So, we obtain the large shareholder’s
ownership dynamics by numerically solving the first order condition (68). This proves Proposition 3.
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Table I: Baseline Parameters

Model Parameter Baseline Value
Risk-free rate (r) 0.02
Firm output (cash flow) volatility (o) 0.25
Subjective discount rate (6 = dps = dg) 0.0513
Time interval between trading dates (A;) 1
Unit cost of effort (¢) 1
Constant term () in the linear mean cash flow function p(at) 1
Productivity of effort (u1) in the linear mean cash flow function p(ay) 0.48
Large shareholder’s absolute risk aversion (vr,) 133.35
Manager’s absolute risk aversion (yar) 207.77
Small shareholders’ absolute risk aversion (7g) 133.35
Manager’s reservation value (W ,,) -0.90

Table II: Observed and Model-Predicted (Steady-state) Moments

Large shareholder’s  Sensitivity of CEO pay Sharpe Market-to-book

ownership stake (©°) to stock return (PPS,) ratio fi%/%  ratio (MB')

Observed 0.37 0.003 0.32 1.183
Predicted 0.37 0.0063 0.3196 1.1818

Table III: Baseline (Steady-state) Equilibrium in the Actual and Benchmark Scenarios

£3

) a* Ly oy,  PPS; PPS, @ oy HRp/on MB
Owner-Manager Case 0.5 0.24 0.0833 0.25 0.3334 1.1257
Agency Contracting Case 0.37 0.4723 0.0464 0.2485 0.0048 0.0063 0.0608 0.1902 0.3196 1.1818
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