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1 Introduction

Shareholders may have incentives to undertake risky projects with negative net
present value (NPV), since they benefit from the upside if things go well, whereas the
bondholders face the losses on the downside, if things go poorly. Since Jensen and Meck-
ling (1976) introduced the risk-shifting problem, most theoretical models have ignored
that corporate decisions are taken by managers whose interest are not perfectly aligned
with those of shareholders. In particular, we consider the case in which managerial
effort is not observable, and thus shareholders need to provide incentives for the man-
ager to work. Hence, we construct a model in which we jointly model the risk-shifting
problem between shareholders and bondholders, and the moral hazard problem between
shareholders and managers. Using this unified framework we ask two interrelated set

of questions:

1. How does the presence of managerial moral hazard affect the risk-shifting prob-
lem? In particular, does managerial moral hazard compound or mitigate the

desire of shareholders to engage in risky activities?

2. How do the optimal policies of the firm in terms of leverage, managerial compen-

sation, and investment decisions change when the two problems are present?

In order to address these questions we consider three types of players in our model:
shareholders, bondholders, and a manager (agent), all of which are risk-neutral. Bond-
holders and shareholders discount the future at rate r, whereas the manager is impatient
and has discount factor v > r. The cash-flows of the project follow a diffusion process
in which the drift of the process is the product of the manager’s effort and the quality
of the project. The quality of the project is time varying and its variance depends on
the amount of risk-shifting that is chosen.

Once debt is in place shareholders have an incentive to increase the riskiness of
the firm’s cash-flows because of limited liability. If things don’t go well shareholders
exercise their option to default and walk away from their debt obligations. Bondholders
have to face the costs of bankruptcy. Moreover, they have rational expectations and
correctly anticipate the instances in which the shareholders will default. Therefore, the
optimal capital structure of the firm will trade-off the tax advantage of debt with the
costs of bankruptcy that results from risk-shifting.



Furthermore, shareholders need to compensate the manager for her work. In the
case in which effort is observable, shareholders pay the manager her outside option
immediately (since the manager is impatient), and she exerts effort until termination.
We solve this model in closed-form and obtain the optimal amount of risk-shifting, total
firm value, and leverage. This will be our benchmark model without moral hazard which
will serve as a reference point of comparison once we introduce the agency problem.

However, when effort is not observable, shareholders need to provide incentives for
the manager to work. Thus, shareholders design a contract that specifies required
effort, deferred compensation, amount of risk-shifting, and termination as a function
of the observed history of output. The firm’s output history determines the manager’s
current expected utility, which we refer to as the manager’s continuation value W. The
continuation value of the manager and the mean quality of the project p will be our
two state variables which will encode the contract-relevant history of the firm.

The contract exhibits deferred compensation, in which the manager is only paid
after a sufficiently good history of output. Deferred compensation optimally trades off
the cost of delaying payments to an impatient manager, with the benefit of postponing
her compensation, thereby relaxing the incentive constraint. When the continuation
value of the manager runs out, the contract is terminated. Since termination of the
contract is costly, it is natural to interpret the continuation value of the manager as
a proxy for financial distress. Moreover, because equity is more sensitive to financial
distress than debt, financial distress and leverage move in the same direction.

The model yields the following results. First, the optimal amount of risk-shifting
in the presence of managerial moral hazard is larger than in the benchmark case with-
out moral hazard. We decompose this result into two components: i) leverage channel
and i) internal hedging channel. The leverage channel states that highly levered firms
(which are closer to default) have a greater incentive to engage in risk-increasing activ-
ities. Since equity can be viewed as a call option on the firm’s assets with strike price
0, firms that are closer to default benefit more from the convexity of the call option if
the risk increases. Thus, holding the amount of debt constant, moral hazard creates a
deadweight loss that reduces the total value of the firm. As a consequence leverage and
risk-shifting increase. The internal hedging channel emerges as a result of the optimal
contract’s adjustments to the manager’s continuation value in response to the realized
quality of the project. Intuitively, the optimal contract attempts to minimize the prob-
ability of liquidation when the firm has a good project. Therefore, the continuation

value of the manager is increased when the firm draws a good project, thereby relaxing



the incentive constraint. Conversely, the contract stipulates a reduction in the contin-
uation value of the manager when a bad project is drawn. In this case the firm need
not ensure to profit from these cash-flows for a prolonged period of time, and finds it
optimal to increase the probability of default. Hence, the internal hedging channel is
a result of the dynamic nature of the optimal contract that allows the shareholders to
relax the incentive constraint precisely when it needs it the most. Consequently the
benefits from the upside are amplified and the shareholders find it desirable to engage
is more risky activities. The internal hedging channel is reminiscent of what is known
as the Oi-Hartman-Abel effect (after Oi 1961; Hartman 1972; Abel 1983). This effect
emphasizes the possibility that if firms can expand in response to good outcomes and
hedge against bad outcomes, they may become risk-loving. In our case, the possibility
of increasing the continuation value of the manager when a good project is drawn, is
akin to expanding the size of the firm, and explains why risk-shifting is higher in the
presence of managerial moral hazard above and beyond what can be explained purely
by leverage.

Second, the model predicts a non-monotonic relation between risk-shifting and lever-
age. This result has the potential to reconcile seemingly contradictory empirical ev-
idence relating risk-shifting and financial distress. On the one hand Eisdorfer (2008)
shows that financially distressed firms increase their investment in response to a raise
in uncertainty. Moreover, the investment undertaken by financially distressed firms has
negative NPV. Together, he interprets this as evidence of a positive relation between
risk-shifting and financial distress. On the other hand, Rauh (2009) compares the asset
allocation of pension funds across firms. He finds that firms with poorly funded pension
plans and low credit ratings invest a greater share of their portfolios in safer securities
such as government bonds and cash, while firms with well-funded plans and high credit
ratings allocate a larger proportion to riskier assets such as stocks. Therefore, risk-
shifting seems to be negatively related to financial distress. In our model risk-shifting
is initially increasing in financial distress as documented by Eisdorfer (2008), but be-
comes decreasing for high levels of financial distress as in Rauh (2009). Moreover, these
results imply that in the presence of managerial moral hazard standard linear models
relating risk-shifting to measures of financial distress are misspecified, and a non-linear
relation should be estimated instead.

Third, firms in which there is greater concern for moral hazard issue less debt, and
choose lower levels of leverage. As discussed above, moral hazard increases risk-shifting

thereby increasing the expected costs of bankruptcy. Therefore, the equilibrium price



of debt will be lower. As a result, the firm finds it optimal to reduce the risk-shifting
incentives of the shareholders by lowering its initial level of leverage.

Fourth, the model illustrates a potential amplification mechanism of output shocks
via counter-cyclical risk-shifting. Since the optimal contract exhibits deferred compen-
sation for the manager, her continuation value on average tends to increase. This brings
the firm away from financial distress. When firms are not financially distressed lever-
age and risk-shifting are low. However, a sufficiently bad sequence of negative output
shocks erodes the continuation value of the manager and brings the firm into financial
distress. As a consequence, the firm increases its amount of risk shifting, making the
probability of filing for bankruptcy all the more likely. Thus, the initial negative shock
is amplified by the aggregate deadweight cost of bankruptcy.

Finally, our model captures the stylized fact that younger firms are more fragile,
and have lower survival rates. The initial promised value to the manager represents
a tradeoff between the benefits associated with having a highly incentivized manager,
and the cost of delivering her enough consumption as to fulfill the promises made. In
general, the latter effect tends to dominate and young firms start out with relatively
low levels of continuation value. Thus, young firms are financially distressed, engage
in more risky activities, and as a consequence have lower survival probabilities. As the
continuation value of the manager grows over time, risk-shifting decreases, and firms
become more stable.

This paper belongs to the growing literature on dynamic moral hazard that uses
recursive techniques to characterize optimal dynamic contracts. We rely on the martin-
gale techniques developed in Sannikov (2008) to deal with the principal-agent problem
in a continuous time environment in which output follows a diffusion process. Our paper
is most closely related to the seminar work of DeMarzo and Sannikov (2006), and Bias,
Mariotti, Plantin and Rochet (2007) in which the agent is risk-neutral. Moreover, the
extension to point processes developed by Piskorski and Tchistyi (2010) in the context
of optimal mortgage design, allows us to capture the risk-shifting problem. The main
contribution of this paper is to integrate the risk-shifting problem into this framework,
explore the interaction between moral hazard and risk-shifting, the consequences to the
optimal capital structure of the firm, and the life-cycle of the firm.

DeMarzo, Fishman, He and Wang (2010) and Bias, Mariotti, Rochet, and Villanueve
(2010) embed investment with adjustment costs into the principal-agent problem. They
find that financially constrained firms have lower investment rates, and that investment

is below the first best benchmark when moral hazard is absent. They key difference with
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our paper is that they consider risk-less investment with positive NPV, while we focus
on risky investments with negative NPV, but which can be desirable for shareholders
protected by limited liability in the presence of debt commitments.

In the context of dynamic models of risk-shifting Leland (1998) finds that the costs
of the risk-shifting problem are small when compared to the tax advantage of debt, and
should not affect the leverage choice significantly. Ericsson (2000) reaches the opposite
conclusion and shows that risk-shifting can lower the firm’s optimal leverage up to
20%. Both of these papers suppose that managers behave in shareholder’s interest
hence assumimg away the moral hazard problem.

Our paper is also related to the literature that studies how managerial compensa-
tion can mitigate the risk-shifting problem. John and John (1993) in a three period
model show that reducing the pay-to-shareholder wealth sensitivity of the manager in
response to higher debt can help her internalize the cost of bankruptcy, thus reducing
the incentive to take risks. Subramanian (2003) in the context of Leland (1998) shows
that the managers optimal compensation is proportional to the firm’s cash-flows, but
subject to a ceiling and a floor.

Finally, our work is consistent with the empirical findings of Eisdorfer (2008), and
Panousi and Papanikolaou (2012) who show that firms in which the interests of share-
holders and managers are more closely aligned engage in more risk-shifting. In particu-
lar, Eisdorfer (2008) finds that firms in which managers hold a greater share of the firm’s
total equity engage in more risky investment. Panousi and Papanikolaou (2012) show
that during the great recession investment declined significantly as a result of the rise
in uncertainty. However, they showed that firms in which managers are compensated
with options the reduction in investment was substantially smaller.

The paper is organized as follows. Section 2 presents the model. Section 3 formulates
our benchmark case in the absence of moral hazard. Section 4 explores the moral hazard
case, and characterizes the optimal contract. Section 5 presents the implementation of
the optimal contract. Section 6 presents the empirical implications of the model, and
compares our results to the benchmark case without moral hazard. Section 7 concludes.

Proofs are relegated to the appendices.



2 The Model

In this section we lay out the model. We first present the players preferences,
the timing of events, and the firm’s technology. Second, we introduce the risk-shifting
problem between the bondholders and the shareholders. Finally, we delineate the moral
hazard problem between the shareholders and the manager, and formulate the optimal

contract.

2.1 Preferences, Timing, and Technology

Time is continuous and infinite. There are three type of players: bondholders, share-
holders and a manager (agent). Everyone is risk neutral and has rational expectations
about the future. The bondholder and the shareholders discount the future at rate r,
while the manager is more impatient and discounts the future at rate v > r.

The initial shareholders of the firm have access to a project with a stream of cumu-

lative cash-flows Y; that evolves according to:

d}/; = Clt/,Ltdt + O'dBt (21)

where a; € {0,1} denotes the amount of effort that the manager exerts, u; is the
mean cash-flow of the firm, B, is a standard brownian motion process with respect to
the filtration F}, and o is the volatility.

We interpret the mean cash-flow p; as the underlying quality of the project, which
has initial value po. Importantly, the mean cash-flow p, is time varying. As to focus on
the risk-shifting problem, we assume that the manager can choose from a continuum of
risky investments i € [0, []. By selecting investment 7 the mean cash-flow is subject to
a Poisson shock with arrival rate ;. Upon arrival of the shock, the mean cash-flow will
jump to a new value that is drawn independently from a normal distribution centered
at powith variance o,. Moreover, by choosing investment ¢ the firm has to pay a flow
cost ¢(qy)dt that is increasing in «. The idea is that managers who want to engage in
risk-shifting will have to choose projects with more negative NPV. In other words, by
assuming a negative relationship between the project riskiness and the its NPV we get
rid of risk-return tradeoff. Thus, we focus exclusively in the risk-shifting motive as the

sole driver of investment choices. Formally, pu, satisfies:

dpy = (® — po)dJ; (2.2)



where ® ~ Niug,0,], J = {J;, F;;0 < t < 75} is a standard compound Poisson
process with intensity a;, and 7¢ denotes the arrival time of the first (and only) Poisson
shock.

At time ¢ = 0 the initial shareholders need to decide on the amount of debt issuance.
Debt is issued once and for all at time 0. We assume that debt takes the form of a
perpetuity that makes coupon payments C' per period and pays (1 — ¢)u/r upon the
firm’s default. We interpret ¢ as the fraction of firm value that is lost as a result of
bankruptcy. We assume that debt is subject to a tax-shield ¥. Thus, the optimal
amount of debt will have to trade-off the costly bankruptcy with the tax advantage of
debt. Once debt is in place, the firm is entirely controlled by the remaining shareholders.

The bondholders purchase this debt at fair value. The shareholders have limited
liability and default once the value of the firm is equal to zero. Once debt is in place
shareholders do not internalize the cost of bankruptcy imposed on the debtholders.
Hence, bondholders anticipate the instances in which the shareholders will endogenously
default, and will price in these expectations in their demand for debt. Thus, the value
of debt Dy will be given by

Dy=E [ / " etCdt + e (1 — )t (2.3)
0

r

where 7 is the endogenous time of default chosen by the shareholders.

2.2 The Risk-Shifting Problem

Shareholders value the stochastic cumulative cash-flows from the firm net of coupon

payments and payments to the manager:

E [ /0 (Y, — c(ay)dt — (1 — W)Cydt — dP,) (2.4)

where P, are the cumulative payments made to the manager, and ¢(«) is an increasing
function that reflects the decreasing returns of engaging in more risky investments.
Because of limited liability shareholders get zero upon default at time 7. Once debt
is in place shareholders cannot commit to internalize the cost of bankruptcy incurred
by the bondholders. Thus, because shareholders have limited liability, they have an
incentive to choose risky investments. Intuitively, the larger « is the more risky the
investment is as the shock will occurs earlier. Since the shock is drawn from a mean-

preserving distribution, highera implies a higher variance of future cash-flows. We



formalize this intuition in the following lemma:

Lemma 1. LetY; be cumulative cash-flows at some arbitrary timet > 0, and 75 € (0,t)
the time of the shock. Then:
1. YyJrs ~ N(pot, ot + o,(t — 7))

2. Var(Y;) is an increasing function of a.

Lemma 1 shows that the expected value of cash-flows is not affected by the time
of the shock 7¢. However, the variance of the cash-flows is a decreasing function of
Ts.. That is, the earlier the shock occurs, the higher is the variance of the cumulative
cash-flows at a future time ¢. Since « is the arrival rate it is intuitive that increasing o
increases the variance of future cash-flows. The above argument justifies our interpre-
tation of o as a measure of the amount of risk-shifting. The managers will be instructed
by the shareholders to optimally choose the amount of risk-shifting as to benefit from
the option to default when the realized cash-flows are low. ! Because of this conflict
of interests between the bondholders and shareholders, at time 0 the optimal capital
structure will have to trade-off the tax advantage of debt with the expected costs of

bankruptcy resulting from the risk-shifting behavior of the shareholders.

2.3 The Moral Hazard Problem

In this section we introduce an agency conflict resulting from the unobservability
of managerial effort. We recall from (2.1) how manager’s effort a; influences cash-flows
Y;. However, the amount of effort the manager exerts is her private information, and
shareholders need to infer effort from the realized path of cash-flows. Moreover, when
the manager exerts effort a; € {0, 1} she enjoys private benefits at the rate (1 — a;)
where 0 < A < 1. We say that the manager works if a; = 1 and shirks if a; = 0.
Alternatively, we could interpret 1 — a; as the fraction of cash that is diverted by the
manager for her private benefit, with 1 — X\ being the the fraction loss by the diversion.
In either case, A captures the magnitude of the agency problem, and as we will see later

it will pin down the incentives required to motivate the manager to work. Moreover,

!Through out the paper we assume that managers are only responsible to shareholders (Allen,
Brealey, and Myers (2006))



we also assume that the manager controls the amount of risk-shifting «. However,
we assume that the amount of risk-shifting is observable, and that it is costless for the
manager to choose an arbitrary o. While the effort the manager exerts is not observable,
it is realistic to assume that the type of investment chosen is public information. For
example, it is public information whether a pharmaceutical company has decided to
open a new R&D laboratory , or if a retail firm has decided to open stores in a foreign
market.

We assume that the firm’s cash-flows Y;, the mean cash-flows p;, and the amount
of risk shifting «; are observable and contractible. The shareholders design a contract
(cv, P,7r) that specifies the firm’s investment choice a, the cumulative compensation
to the manager P, and the termination of the contract 77,2 all of which depend on the
realized history of output Y;, and on the mean cash-flows p;. Limited liability by the
manager requires that dP, > 0. Moreover, if the manager’s saving interest rate is lower
than the principal’s discount rate DeMarzo and Sannikov (2006) show that there is an
optimal zero savings contract. Under this condition, it is without loss of generality
that we equate the manager’s cumulative consumption with FP,. Henceforth denote
an arbitrary contract by I' = I'(a, P, 77) and relegate further regularity conditions to
the Appendix. We assume the shareholders and the manager can commit to such a
contract. Moreover, we assume that the manager can be replaced and that the cost of
replacing the manager M is a linear function of the mean cash-flow i.e. M = kpu.

Now, consider an arbitrary contract I', the manager chooses an effort process a as

to maximize her expected utility at time ¢ = O:

acA

min{rg,7r}
W(T) = maxFE* { / e (AL — a,)dt + dP,) + Lirgsrppe "R
0

T

+1{TS§TT}€_WTS / G_W(t_TS)(ut/\(l — at)dt +dFP;) + 1{TS<TT}6_WTTR}
TS

where A = {a; € {0,1} : 0 <t < 7} is the set of effort process that are measurable

with respect to F}, and the manager receives utility R from her outside option if the

contract is terminated, irrespective of whether the shock takes place or not. The first

two terms correspond to the utility the manager derives when the contract is terminated

before the shock. The third and fourth terms correspond to the utility the manager de-

2When the manager is not replaced termination is equivalent to liquidation 70 = 7 .



rives from the moment the shock occurs until the contract is terminated. For simplicity
we assume that the outside option of the manager R = 0 for the rest of the paper. 3
Henceforth, we focus on the case in which it is optimal for the shareholders to make
the manager work a; = 1 at all times. Intuitively this is true when the private benefit
the manager derives from shirking is small compared to the gain shareholders derive
from a manager that works. In propositions (4) and (8) below we provide a sufficient
condition for the optimality of implementing work. For the remaining of the paper we
use the expectations operator E(.) to denote the expectation induced under a; = 1 at
all times. We say that a contract I' = I'(«, P, 77) is incentive compatible if the agent’s
expected utility is maximized by choosing work.

The shareholders problem (upon debt issuance) is to solve the following maximiza-

tion problem:

min{rg,mr}
mFaXE {/ e "(dY; — c(a)dt — (1 — )Cydt — dP,) (2.5)
0

Hlaeme ™ [V - (1= 0)Cdt — dP) + emF(WTT)}

TS

s.t T is incentive compatible and W (') = Wy>0

where W) is the initial expected utility to the manager,® and F(W.

) represents

the payoff the shareholders will receive upon termination of the contact.® Shareholders
maximize the expected present value of firm’s cash-flows net of the flow cost associ-
ated with the risky investment, the coupon payments made to the bondholders, and
the payments made to the manager. As to simplify our analysis we will assume that
shareholders have the full bargaining power when choosing the initial expected utility of
the manager Wy. Thus, shareholders will choose Wy > 0 as to maximize their expected

profits.

3Relaxing this assumption is straight forward but does not contribute much to our analysis.

4For simplicity we have assumed that the outside option of the manager is 0. It is straight forward
to generalize our framework to the case in which the outside option of the manager is strictly positive.

5In particular, if the manager is not replaced the shareholders will default and get zero. However,
if the manager is replaced F(W,,) will represent the expected profits from the new contract net of the
cost of replacing the manager.
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3 Solution without Moral Hazard

In this section with solve the case in which the manager’s choice of effort is observable
by the shareholders. This case will serve as a benchmark of the risk-shifting problem
in the absence of moral hazard. First, we solve for the equilibrium outcomes after the
shock. Then, we solve the problem prior to the shock, and characterize the optimal
amount of risk-shifting in the absence of moral hazard. Finally, we solve the initial

shareholders problem and solve for the optimal capital structure at time ¢ = 0.

3.1 Solution After the Shock

Assume for the moment that debt with coupon payment C'is already in place. Later
we will find the optimal coupon payment chosen at the initial time. By assumption
the outside option of the manager is 0. Since there is no moral hazard it is optimal
for the shareholders to pay nothing to the manager, and implement effort a, =1 at all
times. We denote with a hat the quantities after the shock. Recall that for simplicity
we assume that once the shock occurs, the mean cash-flow p stays permanently at that
value. Thus, after that there is no longer a risk-shifting problem. Let F(x) be the

shareholder’s value function when the mean cash-flow is y. F(u) satisfies:

Fp) = maX{M,O}

r

The shareholders can choose to either receive the stream of cash-flows from the
project net of of the coupon payments, or default and get 0. Therefore, shareholders will

continue to service their debt if their mean cash-flow is large enough, i. e. > (1—9)C.

3.2 Solution Before the Shock

Let us now solve the shareholders problem before the shock. The shareholder’s value

function F'(ug) solves:

F o) = max E { /0 Z e @Y, — (1= 1)Cdt — cla)dt) + e /]R F(x)dN(x)}

The shareholders receive the projects cash-flows net of the debt payments and the
operating costs of the selected investment until the shock occurs. After the shock,

shareholders get the value function averaged out over the possible realizations of the
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shock, where dN(.) is the density of a normal distribution centered at py with variance
0,. For the remainder of this paper we assume the functional form c(o) = %. The
parameter 6 describes the rate at which riskier projects become less profitable. Large
0 implies that riskier projects have higher operating costs and tend to discourage the
shareholders from selecting them.

We solve this problem recursively. The shareholders value function satisfies:

() = {po — (1= 0)C = 0% 4| [ F@anG) - Fluo)| |

The flow value of equity for the shareholders equals the expected cash-flows from
the project net of the coupon payments and the operating cost of investment, plus the
expected capital gain upon arrival of the shock. The FOC with respect to the optimal

amount of risk-shifting « is:

1 A
o= | [ @ - Funive (3.1)
R
The optimal amount of risk-shifting is proportional to the expected capital gain,
and is inversely proportional to 6.

Plugging back « we solve for F'(j) in closed form:

A

F(p) = /Rﬁ(m)]d]\f(as)+9r— (/927"2 + 260 (r/]RF(x)dN(x) — (po — (1 — ¢)C)) (3.2)

Plugging this expression back in (3.1) yields:

(3.3)

o= —

oo+ i/ew 120 <7“ /R Fa)dN(z) — (uo — (1 — ¢)o))

We call the risk-shifting in the case without moral hazard the second best risk-
shifting benchmark denoted a°Z. This is because in first best risk-shifting would be
identically zero since we have assumed that riskier projects have negative NPV.

Panel B in Figure 3.1 traces risk-shifting and leverage for different values of the
coupon payment C'. A larger coupon payment implies higher leverage and thus share-
holders are more exposed to the upside of their risks, but can default on the downside.

That is, because of limited liability their loses are bounded, while their gains are un-
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Figure 3.1: Initial firm value, and risk-shifting. The parameter values are uy =
20,7 =0.1,7 = 0.15,0 = 50, = 0.2,¢ = 0.5,0 = 5,0, = 9.5

bounded. Alternatively, one can think that highly leveraged firms want to “gamble for
resurrection” as they are closer to default. We refer to the mechanism by which leverage
induces higher risk shifting as the leverage channel. As it can be seen from panel B
of Figure 3.1 the most important observation from the benchmark case without moral
hazard is that risk-shifting is governed by the leverage channel. In the next section, we
will see that the presence of moral hazard creates a dynamic effect that amplifies the

leverage channel and induces higher risk-shifting.

3.3 Optimal Capital Structure

In this section we solve for the optimal coupon payment C'. The initial shareholders
need to optimally split the firm into debt and equity as to get the largest possible
value from the initial issuance. The value of equity post-issuance is given by (3.2) once
the new shareholders take control of the firm. The value of debt satisfies (2.3), which
implies that debt is fairly priced. The explicit formulas for the value of debt can be

found in the appendix. Formally the initial shareholder’s problem is:

max D(pio; ) + F (103 C)
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s.t (3.2) and (2.3)

The optimal coupon payment will tradeoff the tax benefit of debt and the cost of
bankruptey. Intuitively, for low values of C' the firm can take on more debt as to
benefit from the tax advantage of debt. However, as the leverage of the firm increases
the expected costs of bankruptcy will pile up, and will balance out the tax benefits of

debt. Panel A of Figure 3.1 shows a numerical example of the optimal choice of C.

4 Solution with Moral Hazard

In this section we assume that the manager’s effort is not observable. Therefore, the
optimal contract needs to provide incentives for the manager to work. As in the previous
section we start by finding the optimal contract, and the value functions after the
shock. Then, we use those expressions to solve the model before the shock. After that,
we characterize the optimal amount of risk-shifting in the presence of moral hazard,
describing the main features of the optimal contract. Finally, we calculate the optimal

capital structure of the firm at time zero.

4.1 Solution After the Shock

Consider the case in which the shock has already taken place. The shareholder’s
problem consists of finding an optimal contract (P, 77) ® that maximizes shareholder’s
discounted cash-flows, subject to incentive compatibility and delivering the manager
her required payoff W... W, is the manager’s continuation value immediately after
the shock. The contract is incentive compatible if the manager’s expected utility from
Ts onward given (P, 7) is maximized by choosing a; = 1 at all times.

In order to characterize the optimal contract we write the problem recursively with
the continuation value of the manager as the only state variable. For a given contract
(P, 7r) the manager’s continuation value W, given that she will follow effort choice a is

given by:

Tr
W, = B, U e (u (1 — ay)ds + dP,) (4.1)
t

That is, W, captures the expected utility the manager will derive from this contract

6Recall the after the shock there is no more risk-shifting incentive, thus the contract after 7g will
only specify payments to the manager, and a termination clause.
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from time t until termination provided that she follows effort choice a. The optimal
contract will now be derived using the techniques developed by the seminal work of
Sannikov (2008). Proposition 2 represents the dynamics of W, and provides necessary

and sufficient conditions for the contract to be incentive compatible.

Proposition 2. Given a contract (P,T) there exists sensitivity (B, that is measurable

with respect to Fy such that:
th = /th — dPt — Ms)\(]_ — as)dS + ﬁt(dY; — [Ltdt) (42)
for every t € (ts7). The contract is incentive compatible if and only if:

Br > A (4.3)

The first term in the evolution of W, corresponds to the compensation required by
the manager from her time preference. The second and third term correspond to the
change in utility induced by the manager’s consumption and the disutility of effort.
The fourth term captures the sensitivity of the manager’s continuation value to the
change in output. Exposing the manager to the realizations of output provides her
with incentives.

Condition (4.3) states that in order for the manager to work the sensitivity of her
continuation value has to be sufficiently large. Intuitively, If the manager deviates and
chooses to shirk a; = 0 for an instant dt, output decreases by pdt. Thus, the manager
incurs a loss of fyu.dt and gets private benefit Aydt by (4.2). Therefore, working is

optimal for the manager if and only if

B > Apoor By > A

Let F'(W;, 1t) denote the shareholders value function after the shock, when they have
drawn value p; for the mean cash-flow, and the promised utility to the manager is W;.
We suppress the dependence of the value function on p; to ease notation. DeMarzo and
Sannikov (2006) show that F (W) is strictly concave so that it is optimal to set § = \.
Intuitively, it is not optimal to make the manager bear more risk than the minimal
required for her to work. Increasing the volatility of the manager’s continuation value

will increase the probability of inefficiently liquidating the firm. Moreover, since the
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shareholders can always make a lump-sum payment to the manager it must be the case
that F" (W) > —1 for all W. Let W be the lowest value such that F” (W) =-1. W
will be a reflecting boundary at which dP; > 0. Therefore, the manager’s continuation
value will always be between 0 and W. Proposition 3 summarizes the optimal contract
after the shock:

Proposition 3. The shareholder’s value function a satisfies the following differential
equation on the interval [0, W]:
R F”(W)

rE(W) = maxp — (1 —9)C + F'(W)AW +

202
— 4.4
13 500 (4.4)

with boundary conditions:

~

F(0) = max{%/riii F(Wyeset) — M, 0}, F'(W)=—-1, F"(W)=0.

When W, € [0, W), the shareholders make no payments to the manager, and only pay
her when W, hits the boundary W. The payment dP, is such that the process W, reflects
on that boundary. If W,, > W, , the shareholders pay W,., — W immediately to the
manager and the contract continues with the manager’s new initial value W. Once W,
hits O for the first time, the contract is terminated. At this point the shareholders can
choose to default and get 0 or hire a new manager and optimally restart the contract.

The optimal contract delivers a value of F(WTS) to the shareholders.

Proof. In the Appendix.
]

Equation (4.4) says that the flow value of the shareholders value function is equal to
the sum of the instantaneous expected cash-flow from the project net of debt payments,
plus the capital gain induced by the change in the continuation value of the manager.

It is important to mention that in the cases when cash-flows are not large enough to
cover debt payments, shareholders find it optimal to default on their debt obligations
immediately. In the case with moral hazard that is equivalent to having the liquidation
boundary equal to zero. More precisely, one can show that when ., < (1 —¢)C the
payout boundary W = 0. Thus, shareholders pay the manager her promised value W,

and immediately default.
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We end this subsection by providing a necessary and sufficient condition for the

manager’s high effort to be optimal for any ¢ € [ 7].

Proposition 4. Implementing high effort is optimal at any time after the shock t €
[7s,7] if and only if:

EOW) 2 LB (WS - W) + (1 - 9)*

for all W € [0, W], where W5 = ’\—7“ represents the utility of the manager if she

shirks forever.

4.2 Solution Before the Shock

As in the previous section assume that debt is already in place. Later we will find
the optimal coupon chosen at the initial time. The contracting problem is to find an
incentive compatible contract (a, P, 77) that maximizes the shareholder’s utility subject
to delivering the manager her initial required expected utility Wy. We recall, that prior
to the shock the contract specifies a required amount of risk-shifting «, in addition to
the manager’s consumption P, and the termination of the contract 7r.

Similar to proposition 2 we obtain the following proposition.

Proposition 5. Given a contract (o, P, 7r) there exists sensitivities 5y and {AW;}ier

that are measurable with respect to F; such that:
th = ’}/Wt — ng - ,U/t)\(l - CLt)dt + Bt(dlft - ,utdt) + / 1{m+:ﬂ}AWﬂdﬂth + ptdt (45)

for every t € (0,7r,1), where Ey[ [y 1y, —pyAWadidJy] = [ c; AWadN (f)dt =

—pidt. Moreover, the contract is incentive compatible if and only if:

By > A

The first fourth terms are the same as in Proposition 2. The fifth term is new and
captures the exposure the manager has to the realized value of the shock. That is,
immediately after the shock occurs if the realized value of the mean cash-flow is y;, =

ft, then the continuation value of the manager will be adjusted by an amount AWj.
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Because the contract specifies payments that are contingent on the particular draw of
the new mean cash-flow, the adjustment to the continuation value is different for each
realization of the draw. The final term p,dt is a compensating trend required to deliver
the manager her promised value. It is important to note that while in principle the effort
choice of the manager affects the magnitudes of the adjustments to her continuation
value AW}, from the perspective of the manager these adjustments have a zero effect
on her expected utility. This is because, if the manager deviates, and shirks, she will
be faced with a different set of adjustments, and a different compensating trend p;,
but in expectation they have a zero effect on her utility. Thus her effort choice is not
affected by these adjustments. Consequently, incentive compatibility of the contract
only depends on the exposure of the manager to the realization of cash-flows, and
follows the same intuition as before.

Let F(Wy, o) = F(W;) denote the shareholders value function prior to the shock.
Applying Tto’s lemma to F'(W;) using the dynamics of W; given by 4.5 we find that
the shareholder’s expected cash-flow net of the cost of investment plus the expected

appreciation in the value of the firm is given by

E, |dY; + dF(W;) — %QQth} = {M — (1 =)C + F'(W)(yW + py) + %F”(W)JQBE
+a (/R(F(W + AW, 1) — F(W))dN(,&)) — %9042}

Shareholders want to maximize the RHS of (??) by choice of 3, o, AW,,, provided
that the contract is incentive compatible, and satisfies the promise keeping constraint.
Assuming that the value function is concave then it is optimal to set 5 = A, as before.
The inefficiency of liquidation provides the intuition why the manager should bear the
minimum amount of risk required for her to choose work. A higher volatility would
increase the probability of default with no extra benefit to the shareholders. Moreover,
since the shareholders can always make a lump-sum payment to the manager it must
be the case that F’ (W) > —1 for all W. Let the reflecting boundary W be the lowest
value such that F’ (W) = —1. We now would like to characterize the optimal choices

of {AW}}aer. By concavity of F/(IW) the optimal choices are given by:

F'(Wy) = F'(Wey + AW, 1), if Wiy + AW, >0 (4.6)
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AW, = W

- otherwise

The optimal adjustments {AW,} to the manager’s continuation value, which are
applicable when there is a change in the mean cash-flow of the project , are such that
the sensitivity of increasing the manager’s continuation value by one unit are equalized
before and after the shock. Because the shareholder has to deliver the manager her
expected utility, the choice of adjustments { AWV, } have to be offset by the compensating
trend p;. Thus, the shareholders find it optimal to compensate the manager in the
states in which it is cheapest for them, to the point in which the cost of compensation
is equated across states. Intuitively, the adjustments are such that the continuation
value of the manager is increased when the project is good (high /1), and it is decreased
when the project is bad (low fi). If shareholders draw a good project it is important
for them to make sure that they can profit from this project for a long time. Thus,
they need a manager that has a large continuation value, and is far away from her
liquidation boundary. On the other hand, the benefit for shareholders of running a
project with low cash-flows is small, thus it is not critical to have a manager with a
large continuation value. We interpret this feature of the optimal contract as an internal
hedging mechanism that allows the shareholders to avoid default when they have a good
project, and thus benefit from the high cash-flows for an extended period of time.

Finally we turn to the choice of the optimal amount of risk-shifting. The first order

condition with respect to « yields:

a=g | ([ s awp - rovyav) - [ Fonawan@] @

Similar to what we found in the benchmark case without moral hazard (equation
(3.1)) the amount of risk-shifting is proportional to the expected capital gain upon
arrival of the shock. We notice that the capital gain depends directly on the realized
value of the new project fi, but also on the amount by which the continuation value is
adjusted AW},. In the next section we dissect in detail the role that the optimal choice
of AW}, has in the choice of .

The following Verification Theorem summarizes the optimal contract before the
shock:
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Proposition 6. Suppose there exists a concave unique twice continuously differentiable
solution F(W') to the ODE

) = e L (1200 FONOW )+ )0
+a (/R(F(W + AW, i) — F(W))dN(/l)) - %9042} (4.8)

with boundary conditions:

F(0) = max{%ii F(Wiyeset) — M, 0},  F'(W)=-1, F"(W)=0.
Then F(W) is the value function for the shareholders optimization problem (2.5). The
optimal amount of risk-shifting a(W) is given by 8, the optimal adjustments to the
manager continuation value after a shock AWare given by (4.6), and the optimal
volatility to the manager’s continuation value is given by F(W) = X by concavity of
the value function. The continuation value of the manager follows (5) and the optimal

payments to the manager are given by

t
Po=(Wy—W)" +/ Ly, ) dPs.
0

such that the process W, reflects on the boundary W. Once Wy hits O for the first time,
the contract is terminated. At this point the shareholders can choose to default and get 0
or hire a new manager and optimally restart the contract. If Ts > Trthen the remaining

part of contract will be given by Proposition 6 starting at Wrg = Woo + AW, __.

Similar to the case in Proposition 3 the flow value of shareholder’s value function is
equal to the firm’s cash-flows, plus the expected capital gain of the firm. However, the
last two terms in (4.8) are new. They correspond to the expected capital gain resulting
from operating the firm under a new value of ;4 and optimally resetting the continuation

value of the manager, net of the operating cost of the risky investment.

Panel A of Figure 4.1 shows an example of the value function F'(W), and two value
functions after the shock: One in which the value of the mean cash-flow f is high and
another for which it is low. The arrows show the adjustments AW}, to the continuation

value in these two cases. Asit can be seen for this example, the continuation value of the
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Figure 4.1: Shareholder’s value function, Risk-Shifting as a function of W,
Risk-Shifting as a function of Leverage The parameter values are pg = 20,r =
0.1,y=10.15,0 =50, =0.2,¢0 = 0.5,0 = 5,0, = 9.5,k = 1,C = 12

manager is increased after a good realization, and it is reduced after a bad realization.
Panel B of Figure 4.1 depicts the optimal amount of risk-shifting «(W) as a function of
the continuation value of the manager W, and compares it to the amount of risk-shifting
in the case without moral hazard o®B. Panel C of Figure 4.1 plots risk-shifting as a
function of leverage L = D(W)/(F(W) + E(W) + W) , and compares to the leverage
and risk-shifting in the case without moral hazard. In the next section we will carefully
discuss these results and provide intuition for the interaction between risk-shifting and
moral hazard.

The following proposition shows that the shareholder’s value function F(WV;60) de-
creases if it is more costly for the firm to engage in risk-shifting, i.e, # increases. Intu-
itively, once debt is in place, a lower value of § makes it cheaper for the shareholders
to implement higher risk-shifting, thus raising the option value of the equity as a result
of the higher risk.

Proposition 7. The shareholder’s value function F(W;0) is decreasing in 0 for all

W e [0, W]:

OF(W;0) ol O
P S _p TS _s — <
50 E[/t e 2ds|Wt Wi <0
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We end this subsection by providing a necessary and sufficient condition for the
manager’s high effort to be optimal for any ¢ € [0,75] . The parameter values used in

our numerical examples satisfy this condition.

Proposition 8. Implementing high effort is optimal at any time before the shock t €
[0, 75| if and only if:

c v, TPt S
F M/ > max _ — _|_ L F M/ M/ _|_ - M/

A EOV + AW ) = FOV)ANG) - -0

for all W € [0, W], where W = % represents the utility of the manager if she

shirks forever, and — [, c, AWzdN (1) = py.

4.3 Optimal Capital Structure

In this section we solve for the optimal coupon payment C'. The initial shareholders
need to optimally split the firm into debt and equity as to get the largest possible value
from the initial issuance. The value of equity post-issuance is given by (4.4) . The
value of debt satisfies (2.3), which implies that debt is fairly priced. The value of debt
is calculated in the appendix, and can be calculated numerically as the solution to an
ODE. At this point it is important to notice that the value of debt and of equity depend
on Wy as well as in C. Recall, that as to simplify our analysis we assume shareholders
have full bargaining power when negotiating the manager’s initial compensation Wj,.
Therefore, they will choose the manager’s initial continuation value as to maximize
their profits. The first order condition for this maximization is F”(W;) = 0. Formally
the initial shareholder’s problem is to maximize the initial value of the firm subject to

the assets being fairly priced:

max D (o, Wo; C) 4 F (g, Wo; C)

s.t (3.2) and (2.3)

As in the case without moral hazard the optimal coupon will tradeoff the tax benefit

of debt and the cost of bankruptcy. In general, the amount of risk-shifting is larger (see
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next section) than in the case without moral hazard, and thus the value of debt will
reflect this increased probability of default. Hence the optimal ratio of debt to equity
will be indirectly affected by the magnitude of the moral hazard problem.

5 Implementation

In this section we show how the optimal contract can be implemented using equity,
debt, cash reserves, and insurance. At time 0 the initial shareholders will split the firm
into debt (which we have assumed takes the form of a perpetuity) and equity which
will specify contingent payments that implement the optimal contract characterized in
proposition 6. A fraction of the money raised will be allocated to start the cash reserves

of the firm. We begin by describing each of the components used in the implementation:

o Fquity: Equity holders will receive dividend payments from the firm. Dividends
are of two kinds: regular dividends and special dividends. Regular dividends are
paid continuously throughout the life of the firm. Special dividends are paid occa-
sionally, and only after the cash reserves reach a sufficiently high level. Dividends

are paid from firm’s cash reserves at the discretion of the manager.

e Debt: Debt is a perpetuity that makes coupon payments C'. The face value of
debt is given by C'/r. Upon default bondholders collect the defaulted value of the
firm % If the firm misses a coupon payment, debt holders force the firm

into default.

e Insurance: The firm will enter an insurance contract that will entail premium
payments to the insurance company until the time of the shock. The premium
payments will be made at rate [, oy AW;/AdN(fi). The insurance company will
disburse a one time cover payment AW, /A upon the realization of the shock. The

insurance is actuarially fair, and will have a value of zero.

e (Cash: The firm starts with an initial amount of cash reserves that will earn
interest rate r at the bank. The cash reserves receive the cash-flows from the
project, and are used to make coupon and dividend payments. Once the firm
runs out of cash, the manager is fired, and either a new manager is hired or the
firm defaults.
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The cash reserves follow dynamics

AM, = rM, + dY, — dP, — dV, — c(ay)dt — (1 — )Cdt —dl, My =Wo/A  (5.1)

for 0 <t < 7 where
1—A
dWy :LU— (1 =)0 = (y —r) My — c(oy)] dt + pot
N—_——

special dividends

~
regular dividends

dl, = [/ atAdeN(x)} dt—/l{m+:g}AWﬂ/)\dﬂth
R y

vV - TV
insurance premium insurance cover

The manager will hold a fraction A of non-tradeable inside equity in the firm. Inside
equity only pays “special dividends”. In contrast the fraction (1 — A) of traded equity
held by the shareholders pays special and regular dividends. Thus, the manager will
receive special dividends dP;. Shareholders will receive special dividends %dPt and
regular dividends [u — (1 —¢)C — (v —r) My — ¢(oy)] dt. Special dividends dP;/\ are
distributed once the cash reserves reach threshold M = W /A. Once the firm runs out of
cash (i.e. My = W,/ = 0) the manager is fired, and the firm defaults or the manager is
replaced. Whichever is optimal from the perspective of the shareholders. 7 Noting that
dl; = 0 and c(ay)dt = 0 for t > 7¢ and using equations (4.5) and (4.2) one can show
that M, = W,/A, for §, = X and a, = 1. Moreover, W, = E[/; e 7= dP)), therefore
the implementation above is incentive compatible.

The market price of outside equity satisfies:
! —r(s—t) 1 1
\ _

Moreover, we recall the bond price is given by

D, = E, { / e "N C0ds 4+ e7"T(1 — ¢)&] (5.3)
t

r

Finally, the price of the insurance contract is zero, since the cash-flows from the

"If the manager is replaced shareholders will have to recapitalize the firm as to replenish the cash
reserves to the level Mpand pay for the replacement cost of the manager N.
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insurance contract are equal to zero in expectation (i.e E;[dl;] = 0)

Similar to Bias et al (2007) the history dependence of the optimal contract is imple-
mented through the cash reserves. Cash-reserves act as the “memory” device that tracks
the continuation value of the manager W;, and summarizes all the relevant information
from the history of output. As in Bias et al (2007) cash-reserves increase after positive
cash-flow surprises, and shrink after negative ones. However, in our model cash reserves
also react to the realization of the Poisson shock. Importantly, the insurance contract
allows the firm to adjust the amount of cash in the firm in response to the quality of
the project drawn. The firm enters this contract with the insurance company in such
a way that it allows it to relax the financing constraint of the firm precisely when it
is most valuable to do so. The intuition being that it is very valuable to have enough
cash when one has a very profitable project, in which case running out of cash would be
very costly. Therefore, the optimal adjustments made to the cash reserves in response
to the shock result from the precautionary effect associated with running out of cash.
In that sense our model is consistent with both empirical and survey evidence in Opler,
Pinkowitz, Stulz, and Williamson (1999), and Lins, Servaes, and Tufano (2010) who
show that the main reason for corporate cash holdings is precautionary.

We conclude this section by clarifying that the value function of the shareholders
F(W) is not the same thing as the price of equity S; obtained under this particular
implementation. Because our implementation uses cash reserves as another asset in
the firm, the cash-flows accrued to equity in this implementation are larger than those
accrued by the shareholders in the optimal contract in its abstract form. Thus, the
portion of equity held by the outside investors has to equal the sum of the shareholders
value function and the cash inside the firm. The following proposition is similar to

Proposition 6 in Bias et al. (2007) and clarifies this point.

Proposition 9. At any time t > 0, the following holds:

(1=\) S, =F (W) + M, (5.4)
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6 Empirical Implications

In this section we explore the empirical implications of the model. First, we explore
how the presence of managerial moral hazard influences the amount of risk-shifting.
We show that firms in which managerial moral hazard is larger also engage in higher
risk-shifting. Second, we study the optimal capital structure of firms with different
levels of moral hazard. Firms in which moral hazard is prevalent issue less debt, and
have lower leverage. Since moral hazard leads to more risk-shifting, bankruptcy costs
will be greater in expectation. Thus, it is optimal for firms to reduce leverage as a way
to lower expected bankruptcy costs. Third, we study firm survival probability and age
effects of our model. Our model implies that younger firms engage in more risk-shifting,
and have lower survival probabilities that older firms. Finally, we discuss the property
of counter-cyclical risk-shifting implied by our model, and how it contributes to the

amplification and propagation of shocks in the economy.

6.1 Risk-Shifting with and without Moral Hazard

In this section we discuss how managerial moral hazard influences the risk-shifting
problem. We recall that A represents the manager’s cost of effort. Thus, we will interpret
A as the parameter that will capture the severity of the moral hazard problem. In order
to study the relationship with the risk-shifting problem we consider o(W; A). In contrast
to the case without moral hazard, risk-shifting depends on the state W. Therefore, we
will explore this problem in two steps: First, we will focus on the amount of risk-
shifting at the payout boundary W. ® Under mild conditions, we show that a(W;\)
converges from above to a®P as X goes to 0. Second, we will fix A and show that a(W)
is greater than o Moreover, we will show that the greater incidence of risk-shifting
in the presence of moral hazard is not entirely explained by higher leverage, and we will

elaborate on the role that the internal hedging channel plays.

6.1.1 Risk-shifting at the payout boundary

The model in section 4 converges to the model without moral hazard when the cost
of moral hazard A goes to 0. Therefore, it is intuitive that the amount of risk-shifting in
the case with moral hazard will also converge to the amount of risk-shifting in the case

without moral hazard as the cost of effort goes to 0. Proposition 10 below formalizes

8As we will show below W is the attractive point of the system. Thus, focusing on the amount
of risk-shifting near the payout boundary captures the risk-shifting that will be implemented a big
proportion of the time.
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Figure 6.1: Risk-Shifting as a function of 1/\ The parameter values are pg =
20,7 =0.1,7=0.15,0 = 50,9 =0.2,¢0 = 0.5,0 = 5,0, =95,k =1,C = 12

this intuition by showing that risk-shifting at the payout boundary in the presence of
moral hazard converges to the risk-shifting without moral hazard. Moreover, we show
that when the cost of replacing the manager is small, risk-shifting in the presence of
moral hazard is greater than without moral hazard, and thus that the convergence is

from above.

Proposition 10. Let o°F denote the amount of risk-shifting in the absence of moral
hazard, and a(W; \) the amount of risk-shifting at the payout boundary for a given cost
of effort \. Then:

1. a(W;\) — a8 as A — 0

2. a(W; ) > a8 if [ AW,dN () <0

Figure 6.1 shows an example in which a(W) converges from above to o®F as the
manager’s cost of effort goes to 0. Hence, we can conclude that at least at the payout
boundary W the presence of managerial moral hazard compounds the magnitude of the
risk-shifting problem. We turn next to the study of what drives this result, and how

risk-shifting varies away from the payout boundary.

6.1.2 Risk-shifting: leverage and internal hedging channels

We had already seen from figure 4.1 that the amount of risk-shifting in the presence
of moral hazard depended on the continuation value of the manager W. Importantly,
risk-shifting o(W) is greater that in the case without moral hazard o2, and it does
not vary monotonically with either either the continuation value or leverage. This
has important empirical implications because many models that try to estimate the
magnitude of the risk-shifting problem often assume a linear and monotonic relation
between leverage and risk-shifting. Thus our model suggests that such models are
misspecified. Moreover, Rauh (2009) finds that firms pension funds tend to take on less
risk when they are financially distressed, while Eisdorfer (2009) finds indirect evidence
that risk-shifting is higher for firms that are financially distressed. Our model has
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Figure 6.2: Shareholder’s value function, Risk-Shifting as a function of W,
Risk-Shifting as a function of Leverage (Without Internal Hedging) The pa-
rameter values are py = 20,7 = 0.1,7 = 0.15,0 = 50,v = 0.2,¢ = 0.5,0 = 5,0, =
9.5,k=1,C=12

the potential to reconcile this seemingly contradictory evidence: risk-shifting initially
increases as the firms become financially distressed (and leverage grows), but it tapers
off and decreases for higher levels of financial distress (higher levels of leverage).

We will now try to understand why risk-shifting is greater in the presence of moral
hazard and why it is non-monotonic in leverage. We first notice from panel C of figure
4.1 that leverage in the case with moral hazard is greater than in the case without it
(for all values of W). This is not surprising as moral hazard decreases the overall value
of the firm. Since we are holding the coupon payment C' constant, the value of debt
stays approximately unchanged. Thus, leverage will increase. Therefore, the leverage

channel discussed in section 2 will induce shareholders to engage in more risk-shifting.

However, the relationship between leverage and risk-shifting is non-monotonic. Risk-
shifting is increasing in the expected capital gain for shareholders after the shock.
Firms closer to default (highly leveraged) benefit from having limited liability and thus
profit from the convexity of the payoffs induced by the option to default (standard
leverage channel). However, in the case with moral hazard the optimal contract allows
shareholders to make adjustments to the continuation value of the manager in response
to the profitability of the project drawn after the shock. Thus, the expected capital
gain also depends on the flexibility of the contract to allow shareholders to benefit from
good projects by having a highly incentivized manager (high W ). The flexibility of
the contract to make this adjustments is what we call the internal hedging channel,
because this adjustments allow the firm to internally hedge its response to the quality
of the project drawn in an optimal way.

In order to enhance our previous intuition in a more systematic manner we will
shut down the internal hedging channel. To do so, we will preclude the shareholders
from making adjustments to the continuation value in response to the quality of the
shock. That is, we will impose the constraint AW, = 0. Let us denote the solution
to this problem Fy g (W), and the respective amount of risk shifting a g (W), where

the subscript N1H stands for no internal hedging. Formally Fi ;5 (W) satisfies:
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with boundary conditions:

Fyra(0) = max{max Fxri(Wieser) = M, 0}, FyiyW)=-1, Fyzy(W)=0.

Panel A of Figure 6.2 shows an example of the value function Fy gy (W), and two
value functions after the shock: One in which the value of the mean cash-flow [ is
high and another for which it is low. The arrows in this case indicate that the con-
tinuation value of the manager will not change in response to the shock. Suppressing
the flexibility of the contract to hedge against the shock by adjusting the continuation
value shuts down the internal hedging channel. As can be seen from Panels B and C of
Figure 6.2, risk-shifting a5 (W) is monotonically related to the continuation value of
the manager, and to leverage. By suppressing the internal hedging channel our stan-
dard intuition that higher leverage should induce higher risk-shifting is restored. In
other words, firms that are closer to default engage more in gambling for resurrection.
However, as have seen that intuition is incomplete when the dynamic features of the
optimal contract allow the shareholders to make adjustments to the continuation value
of the manager. Hence, endowing the contract with this flexibility can reverse the usual
relation between leverage and risk-shifting.

Importantly, our analysis suggests that the compensation package of the manager
is an important determinant of risk-shifting. Thus, attempts to regulate risk-shifting
by means of restricting leverage are not optimal. Policies aimed at reducing risky
activities need to look jointly at the leverage of the firms and the contract that binds

the management and the shareholders of the firm.

6.2 Capital Structure and Leverage

In this section we discuss how managerial moral hazard influences the optimal capital
structure of the firm, and the optimal leverage. Panel A of Figure 6.3 plots the initial
value of the firm for different values of C' for three different values of A\. As expected

the value of the firm decreases as the incidence of moral hazard increases (higher \).
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Figure 6.3: Initial firm value, and risk-shifting . The parameter values are py =
20,7 =0.1,7=0.15,0 =50, = 0.2, = 0.5,0 = 5,0, = 9.5,k = 1

Moreover, the optimal coupon chosen is decreasing in A. The intuition for this result
is that higher moral hazard induces higher risk-shifting. Bondholders anticipate higher
rates of bankruptcy as a result, and thus will only buy this debt at a discount. At
time O the initial shareholders internalize the costs associated with higher bankruptcy,
and decide to reduce the amount of debt issued. Moreover, the reduction in the initial

issuance of debt dominates the reduction in firm value associated with higher moral

D(Wo)
Wo)+F (Wo)+Wo ~

implies that firms in which there is more prevalence of managerial moral hazard will

Thus, our model

hazard and leads to lower initial leverage Lo = Il

choose a lower initial amount of leverage. Table 1 reports comparative statics for various
values of \.

Panel B of Figure 6.2 shows the relation between initial leverage Loand o(Wy). As
expected, risk-shifting and leverage are positively related for a given value of \.However,
higher values of A\ imply higher risk-shifting for the same value of leverage. This is
consistent with our previous result that in a model with moral hazard, leverage is not

the only determinant of the amount of risk-shifting undertaken by the firm.
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Table 1: Comparative statics: moral hazard. This table reports the results from
comparative statics on the parameter \ that captures the magnitude of the moral hazard
problem. Other parameter values are py = 20,7 = 0.1,7 = 0.15,0 = 50,¢v = 0.2,¢ =
05,0 =5,0,=95,k=1,C=12

coupon initial initial firm initial change in initial change in
rate leverage value risk- shifting risk-shifting credit credit
C Lo F(Wy) + a(Wo) a(Wy) — spread spread
D(Wo) a(W)
A=0 13 0.5497 218.20 0.0952 — 0.84% —
A=05 12 0.5290 203.88 0.1148 0.0252 0.85% 0.04%
A=1 11 0.5072 197.16 0.1176 0.0361 0.72% 0.05%

6.3 Business Cycle Implications

In this section we discuss the model’s implication for business cycle fluctuations. We
recall that under the optimal contract the continuation value of the manager W € [0, W]

follows
dW; = yWydt + o AdB; + {/ 1{Mt+:ﬂ}AWﬂd,&th + ptdt}

where — [, 0y AW;dN(fi) = p;. Since the compensation to the manager is deferred
until W, the evolution of W, needs to appreciate at rate v (first term), and from the
martingale representation theorem expose the manager to the brownian shock (second
term) and the Poisson shock (third term). These last two terms are zero in expectation.
Therefore, on average the continuation value is drifting upwards towards the attractive
point of the system W.

Hence, on average the continuation value of the manager stays near the payout
boundary, in which firms face low financial distress, and engage in little risk-shifting. °
However, a sufficiently bad sequence of negative output shocks erodes the continuation
value of the manager and brings the firm into financial distress. Thus, shareholders
find it opportune to engage in higher risk-shifting activities, which in turn raise the
probability of bankruptcy. As a result, the initial negative shock is amplified by the
aggregate deadweight cost of bankruptcy.

Importantly, in the benchmark model without moral hazard presented in section 3

output shocks have no persistent effect on the dynamics of the firm. In that case the

9See Figure 4.1
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shock is fully absorbed by the shareholders, but has no impact on the amount of risk-
shifting of the firm, nor on its expected probability of bankruptcy. Therefore, it is the
counter-cyclical nature of risk-shifting induced by modeling jointly the moral hazard

and the risk-shifting problem that underpins this amplification mechanism.

6.4 Firm Survival: Age Effects

Multiple studies have documented that young firms experience higher turnover rates
than older firms. In this section we study the implications of our model for firm survival.
We recall we have assumed the initial outside option of the manager is sufficiently low
that the initial continuation value of the manager W is set to maximize shareholder

value.'® The first order condition for this maximization is

F'(Wo; C) = 0 (6.2)

The optimal choice of Wy implies a tradeoff for the shareholders. On the one hand,
a high continuation value minimizes the costs of financial distress associated with lig-
uidating the firm or costly replacement of the manager. On the other hand, a high
continuation value implies greater payments to the manager in the future, which are
costly to the shareholders. Intuitively, this will imply that the shareholders will choose
a value W, € [0, V[_/) More rigorously, combining the concavity of the value function,
(6.2), and F'(W) = —1 imply that W, < W.

As discussed in the previous section, the manager’s continuation value drifts upwards
toward W. Therefore, on average firms relax their financial constraints with the passage
of time. Hence, as firms grow older they become less financially constrained, have lower
risk-shifting, and higher survival rates. Column 5 in Table 1 calculates the difference
in risk-shifting for new firms and for firms at the payout boundary. Similarly, column
7 compares the change in credit spreads, which reflect a higher probability of default
for younger firms.

Our mechanism bears some resemblance to that in Albuquerque and Hopenhayn
(2004). In their model leverage goes down over time as firms reduce their long-term
debt, thereby reducing the instances in which shareholders find it optimal to default.
The key difference with our model, is that higher survival rates for more mature firms

results from lower risk-shifting, rather than from having reduced their debt obligations.

00ther specifications are possible, in which we would need to specify the bargaining power of the
shareholders and the manager. Our results do not vary qualitatively as long as the initial continuation
value of the manager Wy < W.
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7 Concluding Remarks

This paper analyzes the interaction of the risk-shifting problem between sharehold-
ers and bondholders, and the moral hazard problem between shareholders and the
manager. We show the presence of managerial moral hazard induces shareholders to
engage in higher risk-shifting activities. We decompose this results into two effects: the
leverage channel, and the internal hedging channel. The leverage channel is standard:
highly leveraged firms are closer to default, thus they have greater incentives to increase
risk-shifting. The internal hedging channel is novel: the dynamic contract allows share-
holders to compensate the manager contingent on the quality of the project drawn.
Thus, relaxing the incentive constrain of the manager in the event that a good project
is drawn. As a results shareholders benefit more from the upside, hence choosing higher
risk-shifting.

Moreover, the internal hedging channel induces a non-monotonic relation between
risk-shifting and leverage. Thus, potentially reconciling seemingly contradictory em-
pirical evidence on the sign of this relation. Importantly, policies aimed at regulating
excessive risk-taking via capital requirements (effectively setting an upper bound on
leverage) are incomplete without looking at the structure of managerial compensation.
In particular, regulating contracts that reward managers for luck can be a good com-
plement to capital requirements.

An obvious shortcoming of our work is the a priori structured assumed of the debt
contract. Further insights could be gained by endogenizing the form of the debt con-
tract. Specifically, it would be interesting to study the role of the maturity structure of
debt, and of performance sensitive debt in addressing the risk-shifting and moral haz-
ard problems. It would also be interesting to consider the case in which the manager is
risk-averse. I this case the moral hazard problem will be compounded as it is costlier
to expose the agent to risk. However, this may dampen the risk-shifting problem. We

leave these questions for future work.
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Appendices

A  Proofs

Proof of Proposition 2:

Fix an arbitrary contract (P, 7r). Define

W, = E, U e (N1 — ay)ds + dPs)}
t

as the manager’s utility when she follows action a under this contract.
Let

T t
M, = E, [/ e P (usA(1 — as)ds + dPS)] = / e (U1 — ag)ds + dPy) + e "W,
0 0

which by construction is a martingale.
By the martingale representation theorem there exits measurable 3; such that dM; =
Bre 7t dB,. But we also know that

dM; = e " (A1 — ay)dt + dP)) — ve V"W, + "' dW,;

Rearranging yields (4.2).
Moreover, since the manager is risk-neutral, if she shirks she receives Adt, but she
loses f(;dt via a lower continuation value. Applying the proofs of Propositions 1 and 2

in the Appendix in Sannikov (2008) completes the proof.

Proof of Proposition 3:

Our contract after the shock is identical to the hidden effort model of DeMarzo and
Sannikov (2006, Section III). We prove this proposition by a similar procedure to the
one in DeMarzo and Sannikov (2006).

Proof of Proposition 4:
If the shareholders induce the manager to shirk, her continuation would evolve

according to

Optimality of implementing work between ¢ € [ 77| implies that the expected gain
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for shareholders from letting the manager shirk is lower than under the existing contract
for all W € [0, W]:

rE(W) > —(1=¢)C + F'(W)(yW — A)
Defining W* = AVH gives the result.

Proof of Proposition 5:

Applying the martingale representation theorem in a similar manner to that in the
proof of Proposition 2 shows (4.5). Moreover, incentive compatibility is proven applying
the proofs of Propositions 1 and 2 in the Appendix in Sannikov (2008). This completes
the proof.

Proof of Proposition 6:

We verify that the shareholder value function and policy given are indeed optimal.
Consider the case in which the manager cannot be replaced. It is not difficult to
add replacement, but complicates notation substantially. Let I' = I'(a, P, 77) be an
arbitrary contract that implements high effort at all times, and define the shareholders
objective function J(W,I") as

min{rg,rr} ~
JW,T) = E / e (dY; — e(a)dt — (1 — $)Cydt — dP) + Lgpyeryye "™ E(W,.)
0

Step 1. Define G} :
t
Gi = / e "(dYs — c(as)ds — (1 = 9)Cuds — dPy) + ¢ "' F (W)
0

where W, follows (4.5). Applying Ito’s lemma and its generalization for point pro-

cesses we obtain
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edGy = {MO —c(ay) = (1 =)Cy + F' (W) (nyt + /RoztAWﬂdN(,&)> (A1)
#3324 ([ (EOV+ AWf) = FOV)ANGY ) = rF (V) b
+{F' (W) = 1}dP, + {o + F'(W;) 5, } dB,

+ {/ L, iy (W, + AW, i) diidJ, — oy (/(F(Wt + AW, ,&)dN([L)) dt}
R

The first term is less than or equal to zero by (4.4), the second term is less than
or equal to zero since F'(WW) > —1, and finally the last two terms are martingales and

vanish in expectations. Thus
min{rg,rr} N
Gy = F(w) > B / e (dYi—c(@)di— (1—) Crdt—dP) 41 raerpye ™™ E(W,)
0

Since I' was arbitrary we conclude that F'(W) is an upper bound for the shareholder
value function.

Step 2. Since the inequalities in (A.1) hold with equality for the policies in the
proposition, we conclude that F(W) is attained. Thus, F(IV) is the shareholders value

function.

Proof of Proposition 7:
We prove this proposition by adapting Lemma 6 in DeMarzo and Sannikov (2006).
We rewrite (4.8) as:

rE(W) = pu—(1—=v¢)C+ F(W)yW + %F,/(W)UQAQ + %Ha(W)Q (A.2)

where (W), AW,(W), and S(W) = A represent the optimal policies from the
maximization problem given by (4.6) and (4.7) . Differentiating (A.2) with respect to
0 yields

OF(W)  OF'(W) OF"(W) 022
a0 - a0 Wt e

da(W) — a(W)?
a0 2

+oa(W)
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where

da(W) _a(W) 1 _8F(W) B OF' (W) .
20 6 ol o0 BT, / D
Hence
oF(W) a(W)2  OF' (W) OF" (W) o2\ OF (W)
g~ 2 T ag Wont Ty el iy
with boundary conditions:
aF(W) o 3F(Wreset) aF (W) =0 (A?))

00 00 00
Applying the Feynman-Kac formula we obtain that

aF(W79) i —r( _t)a2
N VS _ r(s _Ss — <
— E [/t e s =] <0

The boundary conditions in (A.3) have assumed that the manager is replaced when
it’s continuation value runs out. For the case in which termination equals default we

would have obtained

OF(W;0) L
) - E _ —r(s—t) s W, =W/| <
ol M ‘ 2 s We =0

which completes the proof since 77,; = min(7rr,, 7s).

Proof of Proposition 8:
We proceed in a similar fashion as in the proof of Proposition 4. If the shareholders

induce the manager to shirk, her continuation would evolve according to

AW, = AW,dt — \udt — dP, + / L,y AWadiidJ, + pedt

Optimality of implementing work between ¢ € [0, 75,) implies that the expected gain

for the shareholders from letting the manager shirk is lower than under the existing
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contract for all W € [0, W]:

rF(W) > max {(1—-¢)C+ F'(W)YW + pr — M)

T AWy,

ta ( /R (E(W + AW, ) — F(W))dN(ﬂ))) - ;79@2}

Using W9 = % and reorganizing the terms gives the result.

Proof of Proposition 9: As to keep the exposition simple consider the case in

which the manager is not replaced. We recall that under the optimal contract:
AW, = AW, — dP, + oAdB, + / L,y AWydid], + pidt

where [, 0y AW;/dN(f1) = —p, By Ito’s Lemma,

. min{7T,7r} min{T, 77}
e " mm{TﬁT}Wmm{T’TT} = e "W, + / e " (y—r)Wds + / e "*\dB,
t t
min{T, 7} min{7T,7r}
- / e " dP, + / e { / Lo, =y AWdird Js + Pst]
t t

for any T" > t, where 77 = inf {t > 0: W, = 0}. Taking expectations and Letting
T — oo, and taking expectations using M; = W;/X and W,.. = 0 we derive

TT 1 TT
M, = E, {/ e—r(s—t) |:XdP5 _ (’}/ _ 7“) M.ds _/ e (/ 1{ut+:ﬂ}AWﬂ/)\dﬂdJ5 + ps/)\ds)H
t t

TT 1
M, = E, { / e s {XdPs —(y—=r) Msds”
t

It follows that

(1- )8,
= B | [0 RdR - (1= 00 - (0 1) M= clad)]

. / T e gy, — AP, — (1 ) — c(ozs)ds)}

TT 1
+ FE / e (s {XdPS —(y=r) Msds”
t

- F(Wt) + Mt
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as desired.

Proof of Proposition 10:
Evaluating (3.1) at W = W we obtain

a7 = 5 |( [ (#0783, = POV )N () - [ F0)Awan ()

substituting back into (4.4) we solve for F'(W), and plugging back in the above expres-

sion for we obtain

1 L
oW) = 5 {—07’ + (9%2 + 207«(/R E(W + AW, 2)dN (1)

- 1/2
+ / AWdN (f1) — 260(po — (1 — 4)C) +297W))) ]

Recalling that

0SB —

% —Or + i/ew + Qe(r/RFm)]dN(ﬂ) — (o — (1 =)C))

and that F(Wj, i) = fi/r — YW, /r we notice that as A —s 0 then W; — 0 and
thus [AWdN (i) — 0. Moreover, when [ AW.dN (i) < 0 then a(W;\) > o5,
Finally, when the cost of replacing the manager is constant one can show that the
value functions are parallel shifts of each other '' for the cases in which the manager

is replaced, and for the cases in which the firm defaults the payout boundary is lower.
Therefore, the condition that [ AW;dN (i) < 0 will be satisfied.

B Pricing Formulas

In this appendix we calculate the pricing formulas for debt in the cases with and

without moral hazard.

B.0.1 Debt price without moral hazard

The value of debt after the shock D(y) is given by:

1Gee Hoffmann and Pfeil (2012)
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2, (1-9)C <

T

D(p) =
The value of debt before the shock D(pug) satisfies

rDiju) = C + a [ | D) - i

solving yields

_ C  afy D(@)dN(p)
T+ o T+«

B.0.2 Debt price with moral hazard

The value of debt after the shock D(VV7 () satisfies

DY, )t

rD(W;p) = C + D'(W; p)yW + :

with boundary conditions

D(0) = g D'(W)=0

when the manager is replaced. And with boundary conditions

D(0) = SO/ D'(W)=0

r
when the firm defaults upon termination of the contract.
The value of debt before the shock D(W; uy) = D(W) satisfies
1
rD(W) = C+ D' (W)W + p) + §D”(W)02)\2
va ([ DOV -+ &,y - DOVYING) )
R

with boundary conditions

D(0) = D(Wgeset) D'(W) =0
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when the manager is replaced. And with boundary conditions

D) = L=V gy — g

r

when the firm defaults upon termination of the contract.

B.0.3 Debt price without internal hedging (NIH)

The price of debt after the shock ZAD(W, i) is the same as in the previous section.
The price of debt before the shock when we shut down the internal hedging channel
DN[H(W; ,uo) = DN[H(W) satisfies

rDnrg(W) = C+DMMWWW+%DHW&F
va ([ DOV~ Dan(W)an (o))

with boundary conditions

Dnru(0) = Dyig(Wreset) Dyg(W) =0

when the manager is replaced, and with boundary conditions

Dai(0) = S 1) =0

when the firm defaults upon termination of the contract.

41



References

Albuquerque, Rui and Hugo Hopenhayn, 2004, Optimal Lending Contracts and Firm
Dynamics, Review of Economic Studies 71, 285-315.

Allen, Franklin, Richard A. Brealey, and Stewart C. Myers, 2006, Corporate finance.

Atkeson, Andrew, and Robert E. Lucas, Jr., 1992, On Efficient Distribution with
Private Information, Review of Economic Studies 59, 427-453.

Bancel, Franck, and Usha R. Mittoo, 2004, Cross-country determinants of capital

structure choice: a survey of European firms, Financial Management 103-132.

Biais, Bruno, Thomas Mariotti, Guillaume Plantin, and Jean-Charles Rochet, 2007,
Dynamic Security Design: Convergence to Continuous Time and Asset Pricing
Implications, Review of Fconomic Studies 74, 345-390.

Biais, Bruno, Thomas Mariotti, Jean-Charles Rochet, and Stephane Villeneuve, 2010,
Large Risks, Limited Liability, and Dynamic Moral Hazard, Econometrica 78,
73-118.

Bolton, Patrick, Hui Chen, and Neng Wang, 2011, A unified theory of Tobin’s q,
corporate investment, financing, and risk management, The Journal of Finance
66, 1545-1578.

Bolton, Patrick, Hui Chen, and Neng Wang, 2013, Market timing, investment, and

risk management, Journal of Financial Economics 109, 40-62.

Clementi, Gian Luca, and Hugo A. Hopenhayn, 2006, A Theory of Financing Con-

straints and Firm Dynamics, Quarterly Journal of Economics 121, 229-265.

Clementi, Gian Luca, and Berardino Palazzo, 2013, Entry, exit, firm dynamics, and

aggregate fluctuations. No. w19217. National Bureau of Economic Research.

Cvitanic, Jaksa and Jianfeng Zhang, 2012, Contract Theory in Continuous-Time
Models, Springer-Verlag, Berlin.

Cvitanié, Jaksa, Xuhu Wan, and Jianfeng Zhang, 2009, Optimal compensation with
hidden action and lump-sum payment in a continuous-time model, Applied Math-

ematics and Optimization 59, 99-146.

42



DeMarzo, Peter and Michael Fishman, 2007a, Agency and Optimal Investment Dy-
namics, Review of Financial Studies 20, 151-188.

DeMarzo, Peter and Michael Fishman, 2007b, Optimal Long-Term Financial Con-
tracting, Review of Financial Studies 20, 2079-2128.

DeMarzo, Peter M., Michael Fishman, Zhiguo He, and Neng Wang, 2012, Dynamic
Agency and the q Theory of Investment, Journal of Finance 67, 2295-2340.

DeMarzo, Peter M. and Yuliy Sannikov, 2006, Optimal Security Design and Dynamic
Capital Structure in a Continuous-Time Agency Model, Journal of Finance 61,
2681-2724.

DeMarzo, Peter, and Yuliy Sannikov, 2011, Learning, termination and payout policy

in dynamic incentive contracts. mimeo.

Eisdorfer, Assaf, 2008, Empirical evidence of risk shifting in financially distressed
firms. The Journal of Finance 63, 609-637.

Eisdorfer, Assaf, 2009, Convertible Debt and Risk-Shifting Incentives, Journal of Fi-
nancial Research 32, 423-447.

Ericsson, Jan, 2000, Asset substitution, debt pricing, optimal leverage and maturity,

Debt Pricing, Optimal Leverage and Maturity.

Fleming, Wendell H. and H. Mete Soner, 1993, Controlled Markov Processes and Vis-
cosity Solutions, Springer-Verlag, New York.

Glover, Brent, and Oliver Levine, 2013, Idiosyncratic Risk and the Manager. No.
2013-E25. Carnegie Mellon University, Tepper School of Business.

Green, Edward, 1987, Lending and the Smoothing of Uninsurable Income, in Contrac-
tual Arrangements for Intertemporal Trade, ed. by E.C. Prescott and N. Wallace.

Minneapolis: University of Minnesota Press, 3-25.

Graham, John R., and Campbell R. Harvey, 2001, The theory and practice of corpo-

rate finance: evidence from the field Journal of financial economics 60, 187-243.

Gryglewicz, Sebastian, 2011 A theory of corporate financial decisions with liquidity

and solvency concerns, Journal of Financial Economics 99, 365-384.

43



Gryglewicz, Sebastian, and Barney Hartman-Glaser, 2014, Dynamic Agency and Real
Options, working paper.

He, Zhiguo, 2009, Optimal Executive Compensation when Firm Size Follows Geomet-
ric Brownian Motion, Review of Financial Studies 22, 859-892.

He, Zhiguo, 2011, A Model of Dynamic Compensation and Capital Structure, Journal
of Financial Economics 100, 351-366.

He, Zhiguo, Bin Wei, and Jianfeng Yu, 2012, Optimal Long-term Contracting with
Learning, available at SSRN 1991518.

Hoffmann, Florian, and Sebastian Pfeil, 2010, Reward for luck in a dynamic agency
model, Review of Financial Studies 23.9 3329-3345.

Hoffmann, Florian, and Sebastian Pfeil, 2013, Delegated Investment in a Dynamic

Agency Model. Working Paper.

Holmstrom, Bengt and Paul Milgrom, 1987, Aggregation and Linearity in the Provi-

sion of Intertemporal Incentives, FEconometrica 55, 303—-328.

Hori, Keiichi, and Hiroshi Osano, 2013, Managerial incentives and the role of advisors

in the continuous-time agency model Review of Financial Studies 26, 2620-2647.

Jensen, Michael C., and William H. Meckling, 1976, Agency Costs and the Theory of

the Firm, Journal of Financial Economics 3, 305-360.

John, Teresa A., and Kose John, 1993, Top-management compensation and capital
structure.", The Journal of Finance 48, 949-974.

Ju, Nengjiu, and Xuhu Wan, 2011, Optimal Compensation and Pay-Performance Sen-
sitivity in a Continuous-Time Principal-Agent Model, Management Science, forth-

coming.

Karatzas, Ioannis and Steven E. Shreve, 1991, Brownian Motion and Stochastic Cal-

culus, 2nd Edition, Springer-Verlag, New York.

Leland, Hayne E, 1994, Corporate debt value, bond covenants, and optimal capital
structure, The Journal of finance 49, 1213-1252.

44



Leland, Hayne E, 1998, Agency costs, risk management, and capital structure, The
Journal of Finance 53, 1213-1243.

Leung, Raymond CW, 2014, Continuous-Time Principal-Agent Problem with Drift
and Stochastic Volatility Control: With Applications to Delegated Portfolio Man-

agement, working paper

Lins, Karl V., Henri Servaes, and Peter Tufano, 2010, What drives corporate liquidity?
An international survey of cash holdings and lines of credit, Journal of financial
economics 98, 160-176.

Miao, Jianjun, and Alejandro Rivera, 2013, Robust Contracts in Continuous Time.

Boston University working paper.

Opler, Tim, et al, 1999, The determinants and implications of corporate cash holdings,

Journal of financial economics 52, 3-46.

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

Panousi, Vasia, and Dimitris Papanikolaou, 2012, Investment, idiosyncratic risk, and
ownership, The Journal of Finance 67, 1113-1148.

Piskorski, Tomasz, and Alexei Tchistyi, 2010, Optimal Mortgage Design, Review of
Financial Studies 23, 3098-3140.

Piskorski, Tomasz, and Mark Westerfield, 2011, Optimal dynamic contracts with
moral hazard and costly monitoring, Marshall School of Business Working Pa-
per No. FBE, 36-09.

Prat, Julien and Boyan Jovanovic, 2010, Dynamic Incentive Contracts under Param-
eter Uncertainty, NBER working paper 16649.

Quadrini, Vincenzo, 2004, Investment and Liquidation in Renegotiation-Proof Con-
tracts with Moral Hazard, Journal of Monetary Economics 51, 713-751.

Rauh, Joshua D, 2009, Risk shifting versus risk management: investment policy in

corporate pension plans, Review of Financial Studies 22, 2687-2733.

Sannikov, Yuliy, 2008, A Continuous-Time Version of the Principal-Agent Problem,
Review of Economic Studies 75, 957-984.

45



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

Spear, Stephen E. and Sanjay Srivastava, 1987, On Repeated Moral Hazard with
Discounting, Review of Economic Studies 54, 599-617.

Subramanian, Ajay, 2003, Carrots or sticks? Optimal compensation for firm man-
agers, The 7th Annual International Real Options Conference Program, Wash-
ington DC.

Subramanian, Ajay, and Baozhong Yang, 2013, Optimal Dynamic Risk-Taking and
Asset Substitution. Available at SSRN 2076440.

Szydlowski, Martin, 2012, Ambiguity in Dynamic Contracts, working paper, North-

western University.

Szydlowski, Martin, 2011 Incentives, project choice and dynamic multitasking. No.
1525. Discussion Paper, Center for Mathematical Studies in Economics and Man-

agement Science.

Thomas, Jonathan and Tim Worrall, 1990, Income Fluctuation and Asymmetric In-
formation: An Example of a Repeated Principal-Agent Problem, Journal of Eco-
nomic Theory 51, 367-390.

Williams, Noah, 2009, On Dynamic Principal-Agent Problems in Continuous Time,

working paper, University of Wisconsin at Madison.
Williams, Noah, 2011, Persistent Private Information, Econometrica 79, 1233-1274.

Zhang, Yuzhe, 2009, Dynamic Contracting with Persistent Shocks, Journal of Eco-
nomic Theory 144, 635-675.

Zhu, John, 2012, Optimal Contracts with Shirking, Review of Economic Studies, rds038.

46



