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Abstract

This paper develops a dynamic contracting (multi-tasking) model of a levered
firm. In particular, the manager selects long-term and short-term efforts, and
shareholders choose optimal debt and default policies. Excessive short-termism
ex-post is optimal for shareholders, because debt has an asymmetric effect:
shareholders receive all gains from short-term effort but share gains from long-
term effort. We find that grim growth prospects and shareholder impatience imply
higher optimal levels of shorttermism. Also, an incentive cost effect and a real
option effect create non-trivial patterns for the endogenous default threshold.
Finally, we quantify agency costs of excessive short-termism, which underscore
the economic significance of our results.
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“The jury is still out on corporate short-termism.” — Lawrence Summers
Financial Times, February 9, 2017

1 Introduction

Corporate short-termism has often been criticized for harming long-term performance.! That is,
managers arguably take actions that are favorable for them in the short-term at the expense of
shareholders’ interest in increasing stock prices. Are corporate managers myopic when they do
not invest sufficiently for the long term, and hence short-termism is suboptimal for shareholders?
Or rather, can the behavior of managers be a result of equity value-maximization that crucially

depends on firm characteristics, such as current debt-equity ratio and future growth prospects?

This paper answers these and related questions by analyzing a contracting problem between
a manager (agent) and shareholders (principal) of a company capitalized with debt and equity
(He, 2011). Shareholders design incentives for the manager to exert long-term effort (growth) and
short-term effort (profit). In our novel setup, a resource constraint that binds the agent’s effort
captures the essence of short-termism: an increase in short-term effort makes long-term effort more
costly, thereby undermining long-term performance. Notably, ours is the first model in which cap-
ital structure (debt and default), incentive compensation, and two-dimensional (short-term and
long-term) effort are jointly optimized in a dynamic setting. Hence, we make important, nontrivial
progress toward understanding the interactions between debt and multi-tasking and, in particular,
excessive short-termism (i.e., boosting short-term performance at the expense of long-term growth)

within an optimal contracting framework.

Our model reveals a novel short-termism trade-off. On the one hand, recoveries in bankruptcy
transfer cash flows from equity to debt, so shareholders do not internalize all benefits from long-term
effort (underinvestment). On the other hand, shareholders immediately receive all benefits from
short-term effort, because it generates higher contemporaneous cash flows that are not transferred
to debt in bankruptcy. That is, debt has an asymmetric effect. While it decreases long-term effort,
it does not reduce the gains from short-term effort. Shareholders balance benefits of short-term
effort (profitability) and long-term effort (growth) so that debt leads to excessive short-termism

(i.e., higher short-term effort than for an unlevered firm).

'See McKinsey & Co.’s short-termism study or surveys by Poterba and Summers (1995) and Graham et al.
(2005). Relatedly, an important, ongoing controversy is whether public firms face stock market pressures that induce
short-termism in their investment policies (Asker et al., 2015; Feldman et al., 2018). Moreover, it is an open question
whether no/zero short-termism is even the benchmark policy for equity holders.
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We model two stochastic processes: the firm’s size and its profitability. The firm’s cash flows are
given by the product of these two processes. Shocks to firm size have a persistent effect on the firm’s
future cash flows (permanent shocks), while shocks to the firm profitability have only a contempora-
neous effect on cash flows (transitory shocks). In our multi-tasking framework, managerial effort can
be allocated toward increasing the baseline growth rate of the firm (long-term effort) or increasing
the baseline profitability of the firm (short-term effort). The timing is as follows: the initial owners
of the firm issue infinite maturity debt. Optimal leverage trades off the tax advantage of debt with
the costs of bankruptcy. Once debt is in place, shareholders design an incentive-compatible con-
tract to implement the effort and default policies that maximize equity value. Because effort is not
observable, incentive compatibility requires exposing the manager to the permanent and transitory

shocks. Upon default, bondholders collect the firm assets net of the costs of bankruptcy.

While our main result shows that boosting short-term performance at the expense of long-term
growth can be optimal for shareholders, it is also the first to highlight an asymmetric interaction be-
tween underinvestment and short-termism. When the levered firm moves toward financial distress,
the underinvestment problem increases; hence, it becomes increasingly desirable for shareholders
to implement higher levels of short-term effort. Less long-term effort not only reduces the risk
of investment benefits being largely reaped by bondholders but also makes it cheaper for share-
holders to incentivize more short-term effort (short-termism). Higher levels of short-termism are
optimal for shareholders, but detrimental to bondholders. Hence, short-termism is an indirect—in
addition to underinvestment as a direct—agency cost of debt. Interestingly, a commitment to no

underinvestment is also a commitment to no short-termism, but the converse is not true.

We emphasize that the main result on short-termism is driven by capital structure and debt
overhang, and therefore applies generally to firms that are not subject to shareholder-manager con-
flicts of interest. By incorporating moral hazard, we acquire two benefits. First, we demonstrate
that short-termism arises even if corporate managers are nonmyopic, and it is affected by sharehold-
ers’ investment horizons. Second, the workhorse model of Leland (1994) attains an optimal leverage
ratio of 60% to 70%. Managerial moral hazard resolves this issue by delivering a realistic optimal

leverage. Hence, we can calibrate and quantify the economic impact of short-termism more precisely.

We now discuss four additional results. First, our model highlights endogeneity issues. We find
that firms with bright growth prospects optimally choose to focus on long-term growth, while firms

with grim growth prospects optimally focus on the short term. Hence, in equilibrium, one would
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observe that high-growth firms are those that invest in the long term. This does not mean that
low-growth firms should mimic the long-term approach of their high-growth counterparts, because

it would be value-destroying for low-growth firms to implement higher levels of long-term effort.?

Second, the continuous-time, dynamic framework permits analytical comparative statics. Let
us highlight the heterogeneous effect of permanent volatility and transitory volatility. To begin
with, the volatility of permanent shocks (growth shocks) has a nonmonotonic effect on the default
threshold and equity value. On the one hand, the real-option effect implies that shareholders tend
to wait and delay default under a higher permanent volatility. This increases the shareholders’
option value to default, thereby increasing equity value at the expense of bondholders. On the
other hand, in the presence of moral hazard, the firm’s size becomes a noisier signal about the
agent’s long-term effort when the firm’s growth is more uncertain. Thus, incentive provision be-
comes costlier. The increased incentive cost implies lower cash-flow growth, a lower equity value,
and a higher default threshold. Our calibration shows that the real-option effect dominates the
incentive-cost effect for large volatility, resulting in an inverted-U-shaped default threshold. This
nonmonotonicity provides a rationalization for the mixed evidence in regards to the risk-shifting

hypothesis found in the empirical literature.?

However, the volatility of the transitory shocks (profit shocks) has only the incentive-cost ef-
fect: as the profitability becomes a noisier signal about the short-term effort, shareholders reduce
short-term incentives. This reduction amplifies the loss absorbed by shareholders during financial
distress. Therefore, equity value decreases and the default threshold increases in the volatility of

the transitory shocks.*

Third, we adopt a baseline calibration and quantify the agency cost of debt, which we decom-
pose into underinvestment and excessive short-termism. We compute equity and debt values if
shareholders can commit to unlevered effort policies, and compare them to values with levered

effort policies. The reduction in total firm value due to debt overhang is about 1%, where up to one

*Indeed, Kaplan (2017) finds little long-term evidence in favor of the so-called short-termism critique. For better
identifying the critique’s merits, it is crucial to have reliable proxies for differences in growth opportunities.

3For example, see Eisdorfer (2008) for evidence in favor of the risk-shifting hypothesis and Gilje (2018) for evidence
against the risk-shifting hypothesis.

4We also show that a higher correlation of transitory and permanent shocks increases the risk borne by the
manager, which increases the risk compensation. Therefore, correlation unambiguously increases the default threshold
and reduces the equity value. In a dynamic liquidity management model, without agency frictions, Décamps et al.
(2017) find correlation decreases default risk, because their state variable, scaled cash holdings, drifts away faster
from the default boundary when the correlation is higher.
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half of this reduction is due to excessive short-termism.?> However, contrary to standard intuition,
managerial short-termism is not detrimental to equity value, but is in fact desirable. Short-termism
is an indirect cost of debt overhang; hence, there are two related commitment problems, one for

underinvestment and one for short-termism, which bondholders have to recognize at the outset.%

Fourth, we extend the model to the case in which a subset of shareholders with a shorter time
horizon (higher discount rate) takes control of the firm. Impatient shareholders will find it optimal
to implement higher short-term effort and lower long-term effort, which in turn will reduce equity
value for both the patient, regular shareholders and the bondholders, both of whom employ the
baseline discount rate. In our baseline calibration, a one-percentage-point increase in the discount
rate of impatient shareholders leads approximately to a reduction of 1% in equity value, 5% of debt
value, and 2.5% of total firm value. Thus, our model predicts that a transfer of control to investors
with shorter time horizons induces a sizable reduction in debt, equity, and firm values, which is

consistent with the conventional critique of short-termism (e.g., Stein, 1989).”

Our paper relates to the literature on financial markets and managerial myopia. Early works by
Stein (1988, 1989), Shleifer and Vishny (1990), and Von Thadden (1995) argue that short-termism
arises when a manager faces takeover threats or arbitrageurs with a short horizon, and also when a
firm is financed with short-term debt. Holmstrom and Tirole (1993) show that the liquidity of the
stock market affects the efficiency of equity-based compensation in disciplining managerial myopia.
Froot et al. (1992) discuss a potential link between the short-term horizon of shareholders and
short-term managerial behavior. Compared to these works, our fully fledged dynamic framework

allows us to quantify the impact of short-termism on firm valuations and decisions.

More recently, Bolton et al. (2006) argue that overly optimistic investors choose an equity-
based compensation that weights the short-run stock performance more heavily, thus inducing
myopia. Edmans et al. (2012) and Marinovic and Varas (2019) show that equity vesting imple-
ments the manipulation-minimizing optimal dynamic contract. Zhu (2018) shows that a contract
tracking the number of consecutive high outputs mitigates myopic agency. Thakor (2019) argues

that short-termism may limit managers’ information rent, because long-term projects could pro-

SHowever, if we use debt value instead of firm value as the distortion’s point of reference—as suggested, e.g., by
Mello and Parsons (1992)—the total agency cost exceeds 2%, of which more than 1% is due to short-termism.

SHe (2011) implicitly assumes commitment to no short-termism and thus obtains higher ex-ante firm values.
However, ex-post equity values are higher in our setting, because short-termism enhances equity value.

"To the extent that activist investors, hedge funds, and vulture funds have a shorter time horizon, they may not
necessarily add value, but of course they also influence incentives of managers in other ways.
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duce more noisy information regarding managers’ ability. While these works focus on short-term
actions that are value-destroying (e.g., earnings manipulation), our paper focuses on the case in
which short-term effort can be value-enhancing (e.g., cost cutting, streamlining). Thus, we do not
seek for contracts that induce no short-termism. Instead, we characterize the optimal amount of

short-termism, leverage, and default in a joint optimization problem.

Our model setup is based on the literature on multi-tasking agency spawned by Holmstrom
and Milgrom (1991). Static papers include Itoh (1993), Auriol et al. (2002), and Bernardo et
al. (2004). These papers focus on incentive provisions but do not analyze the impact of capi-
tal structure. Our paper contributes to the growing literature on dynamic multi-tasking models.®
Szydlowski (2019) studies project choices. In his model, all shocks are transitory, and thus, ac-
tions have short-lived symmetric effects on cash-flow duration. DeMarzo et al. (2014) and Wong
(2019) show that high-powered incentives lead to increased risk-taking. However, the effects of risk
choices in these models are short-term. Rivera (2020) studies the interaction between risk-shifting
and moral hazard and finds that moral hazard amplifies risk-shifting incentives. Our paper is the
first to explicitly model the firm’s optimal capital structure when the two tasks have asymmetric

effects on the term structure of cash flows.

Our paper also builds on recent research in dynamic corporate finance. Gorbenko and Strebu-
laev (2010) study the effect of temporary Poisson shocks in the Leland framework. Décamps et al.
(2017) and Lee and Rivera (2021) study permanent and transitory shocks in an equity-financed firm
with liquidity concerns. In contrast, we assume costless external financing and focus on the moral
hazard dimensions of persistent and transitory shocks. These allow us to capture the endogenous
variations in the distribution of returns over both the long term and the short term and relate them
to the debt-overhang problem. In a contemporaneous paper, Gryglewicz et al. (2020) study short-
and long-term efforts in a dynamic agency model of an all-equity-financed firm, which rationalizes
asymmetric benchmarking and pay-for-luck observed in the data. Hence, our paper’s contribution

is complementary to theirs.

The paper proceeds as follows. Section 2 sets up the model. Section 3 characterizes the man-
ager’s problem. Section 4 analyzes the shareholder’s problem and derives the qualitative results.

Section 5 quantifies. Section 6 studies alternative setups. Section 7 concludes.

8Seminal papers in dynamic agency with a single action include DeMarzo and Sannikov (2006), Biais et al. (2007),
and Biais et al. (2010).
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2 Model Setup

Consider a continuous-time environment with infinite horizon. We model a levered firm with
dynamic managerial moral hazard. At time 0, shareholders (the principal) raise long-term debt
to finance the firm. Once the debt is in place, shareholders hire a manager (agent) to operate a
project and implement the firm’s investment (agent’s effort) policy through a dynamic incentive
contract. The agent multi-tasks: on the one hand, she exerts effort to grow the firm in the long
run; on the other hand, she takes short-term actions to raise the firm’s current profitability. The
default time is chosen by the shareholders ex-post. Shareholders and bondholders are risk-neutral,

and the manager is risk-averse. Everyone discounts cash flows at rate » > 0.

The project produces a stream of cash flows subject to both permanent and transitory shocks.
Over (t,t + dt), the after-tax cash flow is given by dY; = 6;dA;, where §; is the firm size and dA;

is the contemporaneous profitability. The firm size d; € [J, c0) satisfies

sy = (¢ + ay)6,dt + 056,dZ{ t<r 1)

(St - (5, t 2 7, (2)

where 7 = inf{t : §; < §}.% Moreover, ¢ is the baseline growth rate of the firm size, a; € [0, a] is the
unobservable long-term effort exerted by the agent, o5 > 0 is the volatility, and Z} is a standard
Brownian motion. Because cash flows are proportional to d;; both the shock de and the agent’s

effort a; increase the firm’s size é; and have a permanent impact on the project’s prospects.

The profitability A; follows the controlled arithmetic Brownian motion process:
dA; = (Y + ep)dt + oadZ} (3)

where 1 is the baseline drift rate of the profitability, e; € [0, €] is the unobservable short-term effort
exerted by the agent, o4 > 0 is the volatility, and Z/ is a standard Brownian motion. Given that
the current cash flow depends on the contemporaneous profitability but not the future, the effort
e; and shock dZ! have only a transitory effect on the firm. Permanent shock Z[ and transitory
shock Z{" have a correlation coefficient p € [—1,1], so that E; [dZ[dZ]'| = pdt. Let Z{ be another

standard Brownian motion that is independent of the permanent shock ZF. We can express the

9That is, &, follows a controlled geometric Brownian motion process with absorbing boundary at §. We impose
this arbitrarily small absorbing boundary for technical reasons. It has no impact on our numerical results, where we
set § = 1071,
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transitory shock as
Azl = pdzF + /1 — p2dz}. (4)
That is, short-term profitability shocks dZ{ consist of profit-specific transitory shocks dZ' and

permanent shocks dZ;.1°

Shareholders observe the paths of cash flows {Y; : ¢ > 0} and firm size {J; : t > 0}. This implies
that the incremental profitability dA; is observable to the shareholders as well. Denote by F =
{F: : t > 0} the filtration generated by the public observables, that is, F; = o ({Js, As : s < t}) for

all t. Let F be the smallest augmented filtration containing F.

The agent’s instantaneous utility takes the form of exponential preferences

| .
U(Ctaataet) = _"¢ (et g(at,etﬁt))’

where ¢; € R is the consumption rate and g(a¢, €¢; ;) is the monetary cost of effort. We assume a
quadratic form for the effort cost g(a,e;d) = % (Gaa2 + 0.2 + 29a€ae) 0. The tasks are asymmetric
in cost, the cost is proportional to firm size §, and the two efforts can be either complements
(0ae < 0) or substitutes (0, > 0). The latter case implies a resource constraint on the agent’s
total effort, capturing the essence of short-termism: an increase in short-term effort makes long-
term effort more costly, thereby undermining long-term growth.'’ Lastly, v is the coefficient of
absolute risk aversion under CARA utility. Given a stream of consumption {¢; : ¢ > 0}, her expected

discounted utility is

>~ 1
E |:/ _,e—W(Ct—g(at,et;&))e—rtdt _
0 Y

In addition, the agent has access to a private saving account, in which she can borrow and save
at interest rate r. We denote S; as the account balance at time ¢, and for simplicity, we assume
that the agent has no initial saving Sp = 0. As usual, this account is subject to a no-Ponzi-scheme

condition.

As in Leland (1994), the firm issues a perpetual debt with a constant coupon rate C.12 With a
marginal corporate tax rate 7 € (0, 1), the tax shield per unit of time is 7C. We denote by a € (0, 1)

the proportional bankruptcy cost parameter. The structural-credit-risk models have illustrated that

10 A5 shown later, our main results rely on the substitutability of efforts. Correlation, when positive, is isomorphic
to substitutability. Restrictions on the effort cost (to be specified below) capture this substitution effect directly.

1 Our modeling approach avoids the complexity induced by time-varying effort persistence; for example, the decay-
ing long-run effect of manipulation in Marinovic and Varas (2018) requires the optimal contract to track the agent’s
information rent as an additional state variable.

128ee Section 6.1 for an extension of our model to the finite maturity case.
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endogenous default by shareholders is an important mechanism in understanding credit risks. Let
dp be the default threshold. If the firm’s fundamentals (firm size) §; become sufficiently weak,

especially after a sequence of negative permanent shocks, shareholders will default once §; < dp.

We assume that the shareholders can fulfill their promise to the agent at default. However,
under our implementation of the optimal contract (see Section 4.1.2), shareholders don’t have
incentives to renege on their promises to the manager. As a result, the agent’s continuation utility
is irrelevant when choosing the optimal default strategy. Upon default, bondholders receive the
liquidation value of the firm and continue to run the firm as an unlevered firm. For simplicity, we
assume the agent continues to operate the firm after the change in ownership, with a continuation

contract offered by the unlevered firm.
2.1 The Contracting Problem

At time 0, and right after debt is issued, the shareholders design a contract to maximize their
expected discounted profits. Both shareholders and the agent can fully commit to the contract
I' = (¢,a,e,78), which specifies the agent’s wage process {c; :t > 0}, the recommended effort
policy {(a¢,e;) :t > 0}, and the default (stopping) time 7p5; all processes are F-adapted. Given a
contract I', the agent solves
o © 1 o
Wo(0p,T') = sup E (@) [/ — e (C—g(@n80:00) o=t gy (5)
(6,a,8) 0 Y
s.t. dS; = rSidt + cidt — ¢dt, So =0, S >0,

and also subject to (1) and (3). In (5), Wy(do,T") is the agent’s time-0 utility under the contract
I and E(®©) [-] is the expectation taken under the probability measure P(¢) induced by the effort
policy (a,e). The intertemporal budget constraint specifies the evolution of the agent’s saving
account: over (t,t + dt), the change in saving dS; is the accumulated interest rSydt plus his wage

c¢dt minus his actual consumption ¢;dt.
A contract is said to be incentive-compatible and no-savings (ICNS) if the solution to the agent’s
problem is (c¢,a,e). That is, the agent follows the recommended effort policy obediently, a; = a;

and é; = e;; and does not save or withdraw from the bank account, ¢; = ¢;. Formally, given debt
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C, the shareholders’ problem is to find an optimal contract:

sups®) [ [ e (600 + ) = (1= 1)0) Ligrgs = r) (6)
I 0

s.t. T'is ICNS and Wy(dp,T") > wo, (7)

where 7 and T are stopping times that are F-measurable, and 1;<,,r is an indicator function.
In the shareholders’ problem, the first constraint requires the contract to be ICNS, and the second
constraint is the agent’s participation constraint for an initial outside option wg.'® Note that the
objective of the contracting problem contains the postdefault consumption, which is driven by our

assumption that the shareholders have the ability to fulfill the promise at default.

3 The Agent’s Problem

In this section, we characterize the agent’s behavior given an arbitrary contract and provide the
necessary conditions for a contract to be ICNS. Following the dynamic contracting literature (e.g.,
Sannikov, 2008), we take the agent’s continuation utility as the state variable. Given any contract
I' = (c,a,e, ), the agent’s continuation utility on the equilibrium path is defined as

Wt(6t7 F) — Ega,e) [/ _Plye—w(cs—g(as,es;és))—r(s—t)ds ) (8)
t

Here, the agent’s continuation utility depends on the firm size d;, which serves as a natural
state variable, and the contract I" induces continuation consumption {cs : s > t} and effort choices

{(as,es) : s > t}. The expectation Ega’e) [] is conditional on information F.14

Proposition 1. The necessary and sufficient conditions for a contractT' = (¢, a,e, 1) to be ICNS

are as follows. First, the dynamics of the agent’s continuation utility satisfies

AWy = (rWy — u(ce, ag, eq)) dt + (—yrWy) (BF 056:dZE + B oaddZ]), (9)

Permanent Transitory

where the processes {(Bf, Bl :t> O} are progressively measurable with respect to F and satisfy for

any effort policies (a,e) the square integrability conditions:

R (%) { /0 (Btp)Qéfdt] < 00 and E(@°) [ /0 (Bf )%,?dt] < 00, (10)

13Gimilar to the revelation principle, it is without loss of generality that we can focus on ICNS contracts. This is
because the principal has full commitment and can save on behalf of the agent.

141t is well known that with private savings, FOCs cannot guarantee the global optimality of the recommended poli-
cies (e.g., Kocherlakota, 2004). However, under CARA preferences without wealth effects, the first-order conditions
(11) together with the no-saving conditions are sufficient for contracts to be ICNS.
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Moreover, incentive-compatible effort policies satisfy the agent’s first-order conditions
B = 0,05 + Oacer and B = geas + Oeey (11)

at all times. If 0,0, # 02, then the mapping (8], B]) — (at, ;) defined by the first-order conditions

ae’

is one-to-one and onto. Second, the no-savings condition requires that for any time t,
uc(cr, ar, er) = —yrWy(6;, I S = 0), (12)
where Wi(8,1'; S) is the continuation utility with a time-t saving balance S.

The novelty of our model is that the multi-tasking agent’s effort choices affect both the firm size
and contemporaneous profitability. Thus, the contract stipulates both short-term and long-term
incentives to control the choices by exposing the agent to both permanent and transitory shocks.
We measure incentives in monetary terms: the scaling factor —yrW; in (9) translates a dollar into
a unit of utility. Therefore, the sensitivity of W; to fundamental shocks, 8} oc dW;/dd;, captures
the marginal monetary incentive for the long-term effort; and the sensitivity of W; to profit shocks,

BE oc dW;/dA;, represents the marginal monetary incentive for the short-term effort.

Given monetary incentives (8}, 8]) that satisfy technical restrictions (10), the agent chooses
long-term effort a; and short-term effort é; to maximize her continuation utility at each point in
time. The first-order conditions (11) are local incentive compatibility constraints, which state that
the agent’s marginal benefit of both efforts must equal her marginal monetary cost of the respective
effort. Under the assumption that 6,0, # 62,, the incentives (3}, 8}) that satisfy (11) uniquely
implement (a¢, e;).

Lastly, the no-savings condition (12) is essentially the consumption Euler equation, which states
that it is optimal for the agent to consume all the current wage, given that the saving balance
is zero. This condition has two implications. First, given the CARA utility, it must be that
u(ey, a, er) = rWy and the drift of (9) vanishes. This implies that, under the integrability condition

(10), both the continuation utility W; and marginal utility of consumption u. = —yrW; evolve as

martingales. Second, the agent’s consumption must be
-1
c = g(at, € 6t) + 7 ln(—'ert). (13)

Therefore, at each point in time, the contract compensates the agent for her effort cost in addition

to the promised utility, which measures the agent’s performance in the past. Substituting back

10
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these conditions yields that the continuation value of the agent is a martingale with dynamics
given by
AW = (—yrWo) (8 056428 + Bl 048142 ) . (14)

4 Dynamic Agency and Capital Structure

4.1 Optimal Contract in a Levered Firm

Given the dynamics of the agent’s continuation utility and the necessary and sufficient conditions

for incentive compatibility and no savings, we define the set of admissible contracts denoted by C.

Definition 1. A contract ({8F, 8L}, 7B) is admissible if

e it is adapted to the filtration F and satisfies the integrability conditions (10).

e the corresponding effort policies obtained according to (11) are such that a; € [0,&15<5t<g]

and e; € [0, éla<5t<3] for all times t; where @, €, 8, and 0 are fized (finite) parameters.'®

e equations (1) and (14) have unique strong solutions.

We can now write the Markov formulation of the original shareholder’s problem (6)-(7):°

P(60,Wo) =  sup  E@) U e " ((0e(Y +er) = (1= 7)C) Ly<rpnr — ¢r) dt (15)
(8L B rp)eC 0
with (a*,e*) = (a}, e}) given by (11), and subject to (1), (13), and (14). (16)

P(d9, Wp) denotes the shareholders’ value function when the initial continuation value and firm size
are Wy and dg, respectively. We first solve heuristically (15)-(16) and then formalize these results

at the end of this section in Proposition 2, which we prove in Appendix A.2.

The shareholders’ value function can be written as

-1
P(oy, Wy) = f(6) — — In(—yrWy) . (17)
N~ yr
total equity —_—

agent’s certaintly equivalent

5For technical reasons, the effort policies have to equal zero for very large values of 6. In our numerical simulations,
we set 6 = 10*; this bound has no impact in our numerical results. Because &§ (resp. 6) is extremely small (resp.
large), assumptions about such remote events have a negligible impact on value functions in the regime of interest
due to discounting. For example, as seen in expression (6), we assume that shareholders get zero additional cash
flows after hitting the absorbing boundary §; = 0. However, we can assume that they instead get the unlevered firm
value with observable effort described in Section A.2.2, and our numerical results stay effectively unchanged.

63ee Décamps and Villeneuve (2019) for further details regarding the delicate treatment required to transform a
dynamic contracting problem with an embedded real option into its Markovian representation.

11
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The shareholders’ problem is equivalent to the one that maximizes the total equity, which is in-
dependent of the agent’s continuation utility Wi, given that (a,e) satisfies (11). The Hamilton-
Jacobi-Bellman (HJB) equation for the principal’s problem is

{ S +e)— (1=7)C — 36(0,a% + 204cae + O.e?) + (¢ + a) f'(8) + 50352 £ (5) }

_’7”252 ((Gaa + Haee)2 Ug + (Bce + Haea)2 0124 +2p (0pa + 4c€) (Oce + Ogea) JgUA)
(18)

which is an ordinary differential equation (ODE). In the HJB, the first line is the expected cash
flow net of the monetary cost of effort plus the expected capital gain due the changes in the firm
size. The second line represents the incentive cost for the shareholders to induce both the long-term
and the short-term effort. Incentive costs arise because the risk-averse agent is exposed to both
the permanent and the transitory shocks, and thus, risk compensation is required. The ODE (18)

is subject to the following value-matching, smooth-pasting, and transversality conditions:

F6) =0, 7'0m) =0, Jim (£5)-0-"2) = (1=, (19)

The first two boundary conditions are the standard conditions in the case of endogenous (optimal)
default. The transversality conditions states that as the firm grows arbitrarily large, the growth
rate is proportional to the cash flow ¢ per unit of capital, capitalized by the baseline growth rate

of the firm ¢. This is due to the fact that efforts converge to zero as ¢ goes to infinity.

Assuming an interior solution over the effort choices delivers solutions
a*(8) = Kof'(8) + K1 and e*(8) = K1 (8) + Ko, (20)

where Ky, K1, and Ks are given in Appendix A.2.1.

In our numerical simulations, the constraints on e never bind. Hence, we focus on the cases when
the constraints on a bind. In particular, in Appendix A.2.1, we compute B and D such that when the
constraint binds at a > 0 (lower bound), the optimal policies are given by e*(d) = % and a*(0) = 0.
If the constraint on long-term effort binds at a < a (upper bound), optimal policies are given by
e*(0) = % and a*(0) = a. Because of the after-tax coupon payment (1 — 7)C, shareholders
absorb more losses when the firm’s fundamental (firm size) is weak: (v + e*(6;)) < (1 — 7)C,
net of the monetary compensation for the effort cost. Therefore, as §; falls to dp, shareholders
default optimally and refuse to fulfill their debt obligations. Standard value-matching f(dg) = 0

and smooth-pasting f’(dp) = 0 conditions characterize the endogenous default threshold and its

optimality.

12
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Before stating our main result, we assume the following sufficient conditions on the model’s

parameters:

Condition 1. ¢ > 1(0,(a)? + 20,cae + 0.(€)?).

(0 (Ba (@)*+20ac38+6c()2)

Condition 2. v < A=1)Cro(@.2)

Proposition 2. Assume Conditions 1 and 2 hold, then the value function for problem (15)-(16) can
be written as (17), where f(0) is an almost-everywhere twice-continuously differentiable function
with linear growth that satisfies the ODE (18)-(19) whenever 6 > d0p, and f(§) = 0 otherwise.

Thus, the value function is given by

F(8) = S In(—yrW) if & > o,

P(86,W) = { 1 (21)

—5 In(—~rW) otherwise.

4.1.1 Debt Valuation and Optimal Leverage

Recall that once debt is in place, shareholders select the optimal long-term contract. Bondholders
anticipate the effect of debt on shareholders’ future behavior. Hence, in pricing the perpetual debt
contract, creditors take the optimal effort policy (a*(d),e*(d)) in (20) and the default thresholds

dp as given. For any coupon C, the debt value D() satisfies the following ODE:

rD(5) = C + (¢ + a*(5)) 6D'(5) + %a§52p/’(5), (22)

with boundary conditions D(d) — % as § — oo, and

D(op) = (1 = a)fu(dB), (23)

where f,(d) is the unlevered firm value characterized in Section 4.2.17 Observe that in equation
(22), long-term effort directly affects the expected capital gains of the debt contract. In contrast,
the short-term action affects cash flows and shareholders’ ability to absorb losses. Thus, both efforts

affect the default boundary and debt and equity values.

Given an initial firm size §g, initial shareholders choose coupon C to maximize levered firm

value (ex-ante equity value) TV (dp;C) = f(d9;C) + D(d9,C) at time 0. That is, debt policy

'7An alternative specification for the boundary condition at bankruptcy can be D(35) = fu((1 — )dz). Because
fu(d) becomes asymptotically linear as 6 — oo, this alternative specification is equivalent to (23) for large values of
. For small values of §, we obtain that (1 — a)fu(d8) < fu((1 — a)dB), implying effectively higher bankruptcy costs
for smaller firms and encouraging lower leverage. We adopt the boundary condition in equation (23), because it helps
our model capture the stylized fact that smaller firms have lower leverage, as documented in Frank and Goyal (2008).

13
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maximizes equity value plus the proceeds from the debt issue. Then, they design the optimal long-
term contract with the agent that implements the effort policy (a*(d), e*(d)), and they run the firm

until they declare bankruptcy. We define the firm’s optimal initial market leverage ratio as

D(d0; C*(6))
f(00; C*(d0)) + D(d0; C*(9))

ML(6)

4.1.2 Implementation

In our implementation, the agent maintains his certainty equivalent as the balance in his savings

account B; = —% In(—~rW;). Under the optimal contract, the dynamics of the balance are given by
1
B, = Sy ((B))*60% + (B7) 0307 + 208/ B 6{0a05) dt + B 6104dZ + B drosdZ . (24)

In words, the agent’s certainty equivalent is given by B; at any point in time, and the shareholders
adjust the balance continuously according to (24) in order to provide the appropriate incentives to
the agent. The adjustment in (24) includes the drift term that reflects the incentive cost in (18), and

the volatility terms that reflects the agent’s exposure to both the transitory and permanent shocks.

In practice, the manager has a balance of B; in his bank account, which allows for transfers
between shareholders and the manager, according to (24). The manager’s consumption (13) comes
from two sources: g(a¢, e; ;) paid directly by shareholders and rB; = —% In(—~rW;) paid from his
savings account.!® The market value of equity is f(§) = P(5, W) + ;—7} In(—~rW;). That is, market
value of equity equals the principal’s value P(6, W) (if the agent had a continuation value of W and
no private savings) plus the agent’s private savings ;—7} In(—~rW;). If a new owner were to purchase

the firm, they would pay f(d), independently of the manager’s current continuation value.

After default, bondholders take ownership of the firm and design a continuation contract for
the manager that maximizes unlevered firm value. The continuation value of the manager is W,
which corresponds to a certainty equivalence of B, = ;—gln(—ferT). Fortunately for the new
owners (previous bondholders), the savings of the manager are exactly equal to B;. That is, from
the perspective of the bondholders, it is “as if” the continuation contract had to deliver a certainty
equivalence of zero dollars to the manager. As a result, debt value at default is independent of the

manager’s continuation value and matches our boundary condition D(dg) = (1 — ) f.(d5).*

'8 Theoretically, the CARA framework cannot rule out the possibility of B, < 0. This case corresponds to the agent
continuing to exert effort while drawing from a credit line from the bank. Such a situation is a consequence of our
assumption that the agent has unlimited liability; it has been commonly assumed in the literature (e.g., He (2011)
and Gryglewicz and Hartman-Glaser (2020)) in order to reduce the dimensionality of the problem.

19Under this implementation, we do not need to specify priorities at bankruptcy, since the deferred compensation
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4.2 Optimal Contract in an Unlevered firm

We now characterize the optimal contract in an unlevered firm.?° Because the unlevered firm is
also run by a manager, the value of an unlevered firm f,(d) must satisfy (18) with C' = 0. Thus,
the unlevered firm loses the tax shield 7C but does not default.

fu(d) = max

71”252 <(9aa + 9ae€)2 Ug + (936 + eaea)Q 0—124 + 2p (eaa + eaee) (9e€ + Gaea) 06514)
(25)

For an interior solution, we use the first-order conditions for the maximization of (25) to obtain?!

a’(6) = Kof,(0) + K, and ¢%(6) = K1 f, (8) + Ko. (26)

Using equation (26), one can show the marginal unlevered firm value f,(8) — % as § — oo.

¢
Together with the boundary condition f,(0) = 0, the HJB-equation (25) can be solved numerically.

For the special case where p = 0 and 60,. = 0, tasks are independent and the optimal efforts are

fu(0) 1

N = . 2
0, (1 + ’yr@aag(S) and €, (9) 0. (1 + 77“«9@01245) (27)

a,(6) =

u

We can make two observations. First, since long-term effort a; () affects the firm size, it depends
on the marginal value of firm size f,(5). However, f,(8) is irrelevant to the short-term action
el (0) because it affects only the current profitability. Second, the optimal effort depends on the
volatility: o5 affects af(d) and o4 affects e (0). This is because the volatility of the processes A;
and §; measure how informative these processes are about e and a, respectively. The following

Proposition formalizes the solution to the problem faced by the shareholders of an unlevered firm.

Proposition 3. The value function for the shareholders of an unlevered firm (i.e., problem (15)-
(16) with C' = 0) is given by P,(5, W) = fu() — ;—Tlln(—’er), where f,(0) is the unique twice-
continuously differentiable solution with linear growth of the HJIB (25).

is held outside the firm. By contrast, in the direct interpretation of the optimal contract, in which the agent has
no private savings and deferred compensation is held inside the firm, we would need to assume that the existing
shareholders can fulfill their promise to the agent at bankruptcy: the deferred compensation balance B; must be
senior to the debt claim. In practice, the priority often depends on the details of compensation plans. “Secular
Trust,” as a funding vehicle for deferred compensations, is bankruptcy-proof. See footnote 10 of Sundaram and
Yermack (2007), Gerakos (2010), and Section 4 of Edmans and Liu (2011) for details.

20In Appendix A.2.2, we characterize the first-best (no agency) value and effort policy of the unlevered firm.

2In Appendix A.2.1, we show how to deal with the cases in which the constraints on the effort policies bind.

15

{ 5+ e) — 16(0aa® + 205cae + 0ce?) + (¢ + a)d f,(5) + 20262 £, (6) }
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4.3 Short-Termism as an Indirect Cost of Debt Overhang

In this section, we highlight the asymmetry between underinvestment and short-termism with re-
spect to the debt-overhang problem. It is well known that underinvestment results directly from
debt. In contrast, short-termism is affected only by the presence of debt indirectly through the
underinvestment problem. Moreover, the effect of debt on short-termism disappears when the costs
for the shareholders of implementing a particular pair of efforts (a,e) are independent. Indepen-
dence occurs when the cross term in the cost function is zero (6, = 0) and when the shocks are
uncorrelated (p = 0). Proposition 4 formalizes this result. Furthermore, we show that when share-
holders can commit to the unlevered long-term-effort policy (i.e., when they can commit to avoiding
underinvestment), this will suffice as a commitment device to avoid excessive short-termism (i.e.,
shareholders will indirectly be committing to the unlevered short-term-effort policy). Proposition

5 formalizes this result. Figure 1 summarizes the findings of this section.

DEBT I:"> LONG-TERM EFFORT I:> SHORT-TERM EFFORT
distort distort

Figure 1. Chain of Debt-Induced Distortions

Proposition 4. Suppose that the cost of implementing long-term and short-term effort are inde-
pendent from each other (i.e., 0, =0 and p = 0), then the optimal short-term-effort policy e(d) is

independent of the coupon payment C'.

The intuition for this proposition is straightforward: debt generates underinvestment in long-
term effort because shareholders pay up front for the cost of long-term effort, but they do not fully
internalize the benefit of this investment. The reason is that some of the cash flows generated
from the investment take place after default, thereby accruing to bondholders. In contrast, the
benefit of short-term effort is immediately realized by shareholders; therefore, they fully internalize
the benefits of short-term effort.?? Hence, the only mechanism by which debt can distort the
short-term-effort policy is when the cost of short-term effort depends on the implemented level of

long-term effort. When these costs are independent from each other (6, = 0 and p = 0), there is

22 A similar mechanism is present in Manso (2008), who shows the agency cost of debt is proportional to the degree
of irreversibility of the investment project. In our case, the inefficiency depends on whether the policy will have a
permanent effect (long-term effort) or a transitory effect (short-term effort) on the firm’s cash flows.
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no distortion, and the optimal e(d) is not affected by the presence of debt.

A. Long-term effort: a(d)

B. Short-term effort: e(k)

0.05

0.04 +

0.03 r
0.02 r

0.01

0.01 ‘ : : 05 : ‘ :
0 50 100 150 200 0 50 100 150 200
Firm size: § Firm size: 0
C. Long-term effort: a(d) D. Short-term effort: e(k)
T T T 1 T T T
005 ------ : C. - 4783
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Figure 2. The Effect of Debt Overhang on the Optimal Effort

The dashed (solid) lines represent the optimal effort in the unlevered (optimally levered) firm.
Actions are independent (0, = 0) in Panels A and B, and are substitutes (6, = 1.5) in Panels C
and D. Parameter values are 69 = 100, » = 0.05, 8, = 30, 8. = 1, v = 5, 05 = 0.25, 04 = 0.12,
p=0,7=0.15 a = 0.30, = —0.005, and ¥ = 1.

In Figure 2, we illustrate the optimal amount of long-term effort a(d;) and short-term effort
e(d¢) for the optimally levered firm and for an all-equity-financed firm (unlevered firm). First,
consider the case in which the actions are independent (Panels A and B). Panel A corroborates
the reduction in long-term effort due to debt. Panel B is a numerical illustration of Proposition 4
showing that short-term effort is identical in the levered and unlevered cases when the two actions
are independent. Second, consider the case in which the two actions are substitutes (Panels C
and D). In this case, optimal short-term effort is larger in the presence of debt. Short-term effort
is not directly affected by debt overhang, since it increases contemporaneous cash flows but has
no effect on future cash flows. Hence, shareholders find it optimal to incentivize the manager
to focus on boosting short-term profitability as opposed to improving the long-term prospects of
the firm. Our model reverses the common intuition that CEO short-termism is detrimental to

shareholders. To the contrary, we show that shareholders find it optimal to encourage managers to

17
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focus myopically on the short term when the probability is high that the company will not survive
in the long term.?? In the sequel, we refer to the underinvestment problem as the fact that debt
induces shareholders to implement a lower long-term effort (i.e., a(d) < a,(0)), and we refer to
the short-termism problem as the fact that shareholders implement more short-term effort in the

presence of debt (i.e., e(6) > e,(0)).24

A fundamental reason for debt overhang is that shareholders lack commitment toward bond-
holders and choose an optimal policy that maximizes their value once debt is issued. We assume
moral hazard in all cases, and we vary only the ability to commit to either short-term or long-term
efforts, or to both efforts. To compare and contrast the base case without commitment to either

effort described in Section 4.1, we consider the following three cases:

1. The no-debt-overhang case (denoted NO): In this case, shareholders commit to implementing
the unlevered policies (ay, €,,) for both short-term and long-term efforts. We denote the value

function in this case by fno(9).

2. The no-short-termism case (denoted N S): In this case, shareholders commit to implementing
the unlevered short-term-effort policy e,, but they can freely choose the long-term-effort

policy. We denote the value function in this case by fyg(5).2°

3. The no-underinvestment case (denoted NU): In this case, shareholders commit to implement-
ing the unlevered long-term-effort policy a,,, but they can freely choose the short-term-effort

policy. We denote the value function in this case by fny(9).

In terms of timing (instead of commitment), these cases can be understood as follows. The baseline
case corresponds to the situation in which the incentives contract is signed after debt has been
issued. By contrast, the NO case corresponds to the situation in which the incentives contract is

signed before debt is issued. Finally, the NU (resp. N.S) case captures a hybrid situation in which

23The previous intuition is straightforward in case of actions being substitutes, .. > 0. However, even if actions
are independent, 0, = 0, and the correlation between the transitory and the permanent shock p is positive, the
results are similar. Intuitively, when p > 0, implementing both actions is very costly for shareholders because the
manager will be exposed to two positively correlated shocks. Hence, the manager will need to be compensated for
bearing this risk. Therefore, having correlated shocks (p > 0) is “as if” the two actions were substitutes (i.e., 8qc > 0).

?4Gopalan et al. (2014) find that shorter-duration contracts are offered by firms with higher leverage. Similarly,
Akins et al. (2018) document that firms tend to decrease pay horizon following a covenant violation. Both findings are
consistent with our prediction that shareholders optimally implement higher short-termism during financial distress.

2°In the NS case, shareholders commit to some amount of short-term effort, namely e, > 0. This is different from
assuming away short-term effort by setting 6. = oco.
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the portion of the contract pertinent to firm size (resp. cashflows) is signed before debt is issued,
while the portion pertinent to cashflows (resp. firm size) is signed after. In other words, the levered

firm holds one of the effort policies fixed and dynamically reoptimizes the other.

The rigorous statement of the problems that are solved by each of the cases above can be found

in Appendix A.4.3. We can now state the second main result of this section.

Proposition 5. f(d) solves the no-underinvestment case (NU) if and only if it solves the no-

overhang case (NO).

Proposition 5 states that shareholder commitment to the unlevered long-term-effort policy au-
tomatically delivers commitment to the unlevered short-term-effort policy. If shareholders commit
to the unlevered long-term-effort policy a,, they find it optimal to (ex-post) implement the unlev-
ered short-term-effort policy e,. Therefore, if they wanted to commit to the effort pair (ay,e),
committing to a, would suffice to achieve this goal.?6 However, the converse is in general not true.
That is, if shareholders can commit to the unlevered short-term effort policy e,,, they would ex-post

choose a different long-term effort policy from a,,.

In summary, debt distorts the choice of long-term effort through the well-known logic of the
underinvestment problem. When the costs of the actions are independent, the choice of short-term
effort is unaffected by the presence of debt (Proposition 4). In the general case in which the actions
are not independent, the choice of short-term effort is also distorted. However, this distortion is
only indirect: debt distorts the choice of long-term effort, and then the distortion in long-term effort
induces a distortion in short-term effort. Therefore, preventing the distortion of debt on long-term
effort would automatically eliminate the distortion on short-term effort (Proposition 5). Taken
together, Propositions 4 and 5 uncover the asymmetric effect of debt on short-term vs. long-term

effort, showing that excessive short-termism is an indirect agency cost of debt.

4.4 Comparative Statics

We now characterize the effect of parameters on the equity value f(J) and the endogenous default
threshold dg. Here, we focus on the ex-post value and default decision. That is, we treat the

coupon as an exogenous parameter rather than accounting for the ex-ante capital-structure choice.

26This is useful, because committing to the unlevered firm policies is value-enhancing (see Section 5.1).
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Results independent of p Only when p > 0

oY 0¢p Op 0C Ot Oy 00, 00. 004 0cs Oos
af¢)y, + + - -  + - - - - - ?
g/ - - 4+ 4+ - + + o+ o+ o+ 7

Table 1. Analytical Comparative Statics

First, risk parameters o5 and o4 differ in their effects on equity value and default threshold.
An increase in the magnitude of the permanent shocks o5 makes firm size § a noisier signal of the
long-term effort a, thus increasing the incentive cost and accelerating default. However, there is
an opposing effect: a higher volatility g also generates a real-option effect that delays the equity’s

default decision. Specifically, the terms involving os on the HJB-equation (18) (with p = 0) are

]. " ]_
50?62]" (6) — 577”52 ((Baa + O4c€)?03) .

While the second term captures the incentive-cost effect, the first term captures the real-option
effect, and it is increasing in o5 under the convexity of the shareholders’ value.?” The two counter-
vailing forces generate an inverted U-shape for the default threshold as a function of ¢5. Numerically,

this result is illustrated on Panel A of Figure 3.

In contrast, an increase in the volatility of transitory shocks o4 has no real-option effect.
However, in general, the incentive cost of higher o 4 is ambiguous. When the correlation is negative,
an increase in o4 increases the cost of incentivizing short-term effort e but decreases the overall
risk the agent is exposed to (via diversification). As a result, the overall effect on incentive costs is
ambiguous. When p > 0, there is no diversification benefit and an increase in o4 unambiguously

reduces shareholder value. Panel B of Figure 3 illustrates these comparative statics with p = 0.

Second, when p > 0, an increase in 6, (6.) increases the exposure of the agent to the permanent
(temporary) shock dZ% (dZT). This leads to a higher incentive cost and lower equity value, which, in
turn, increases the default threshold. Panels C and D of Figure 3 show that the default threshold is
increasing in both short-term-effort and long-term-effort costs when p = 0. However, similar to o4,
this result holds only when p > 0, because the tasks tend to be substitutes. If p < 0, the diversifica-

tion benefit from exposure to negatively correlated shocks can lower the agent’s total risk-exposure

27 () > 0 in our numerical simulations. For the incentive-cost effect, see Holmstrom (1979) and a related analysis
by Chaigneau et al. (2018) in a setting with limited liability.
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B. Default boundary: dp(c4)
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Figure 3. Comparative Statics for Default Boundary

We assume C = 47.83, o = 100, r 0.05, 8, = 30, 8. = 1, 04 = 1.5,y = 5, o5 = 0.25,
c4=0.12,p=0, 7 =0.15, « = 0.30, ¢ = —0.005, and ¥ = 1.

and hence overall incentive cost. As a result, the effect on equity value is ambiguous when p < 0.

Finally, we explore the role of the correlation between the two types of risks for default decisions.

Panel A of Figure 4 shows that the default boundary is increasing in the correlation between the

transitory shock and the permanent shock. Higher correlation increases the risk compensation for

a given policy (a,e), inducing shareholders to default earlier. Panels B and C depict effort levels

for three different values of p.

Interestingly, the comparative statics of 6., are similar to the ones of p. Panels D, E, and

F chart comparative statics for the default boundary and the policies with respect to the substi-

tutability /complementarity of efforts. As 6, increases, the two tasks become substitutes, and it

becomes more costly to incentivize both efforts together: the marginal cost of increasing e for a

given value of a is increasing in #,.. Hence, a higher substitutability is associated with a higher

incentive cost, which accelerates default.
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A. Default boundary: d5(p) B. Long-term effort: a(d) C. Short-term effort: e(d)
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Figure 4. Effects of Correlation and Substitutability

We assume C' = 47.83, o = 100, r = 0.05, 0, =30, 0. =1, 04 = 1.5, vy =5, 05 = 0.25, 04 = 0.12,
7=0.15, = 0.30, ¢ = —0.005, b =1, p is either —0.3, 0, or 0.3, and 0, is either 1.4, 1.5, or 1.6.

5 Quantitative Analysis

This section develops model implications that are novel relative to, e.g., Leland (1994) or He (2011).
First, we compute in our calibrated model the various sources of firm value, and we show that the
total agency cost of debt is of the order of 1%. Of this 1%, about half of the cost of debt comes from
excessive short-termism. Second, we highlight potential endogeneity concerns when studying the
relationship between excessive short-termism and a firm’s growth rate. In particular, we show that
firms with high (low) growth rates optimally choose to implement lower (higher) levels of short-
term effort and higher (lower) levels of long-term effort. Third, we extend the model to the case in
which a subset of investors with higher discount rates takes control of the firm. We find that impa-
tient shareholders implement higher levels of short-term effort and lower levels of long-term effort,
which in turn reduce equity value for the regular (patient) shareholders and bondholders. Finally,
we show that an increase in the volatility of permanent shocks can be desirable for shareholders

(risk-shifting type of intuition), but not an increase in volatility of transitory shocks.

For our quantitative solutions, we adopt standard baseline parameter values: interest rate
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r = 5%, baseline growth rate of firm size ¢ = —0.5%, correlation p = 0, volatility of firm size
os = 25%, volatility of profitability o4 = 12%, corporate tax rate 7 = 15%, and bankruptcy cost
a = 30%. Following He (2009, 2011), we set the baseline profitability 1) = 1, risk aversion v = 5,
and long-term effort costs to 8, = 30. In Appendix A.6, we calibrate the cost of short-term ef-
fort 8. = 1 and the substitutability parameter 6, = 1.5. For an initial firm size of, for example,

dp = 100, the firm’s optimal coupon is C* = 47.83 and market leverage is M L(dy) = 39.42%.
5.1 Analysis of Sources of Firm Value

In this section, we quantify the various sources of firm value. First, we define the tax advantage of

debt T'B(4) and the cost of bankruptcy BC(J) in the usual way,
_ (a*,e*) X —r(s—t) — (a,e®) | ,—r(x—t)
TB(6) =E; e 7Cds| and BC(6) = E; e afu(dB)], (28)
t

where x = inf{t : 6; < dp} corresponds to the endogenously chosen default time.

Second, we define the total cost of managerial compensation CC(d). The total expected cost of
managerial compensation is the sum of the direct cost of compensating the manager for his effort

DC(9) plus the indirect cost of compensating the manager IC(4) for his risk exposure. Formally,

(ave) | [X
DC(8) =E;* ° [/ e " g(a,, eq;05)ds| (29)
t

10(6) = B [ / S e (8120502 + (B0 (6.7 + 2080 BT o0 a0 (6) ds| . (30)
t
and
CC(6) = DC () + IC(6). (31)

Table 2 shows the different components of firm value for our baseline calibration.
5.1.1 Quantifying the Cost of Debt Overhang

Next, we study the cost of debt overhang (i.e., the cost of underinvestment plus the cost of short-
termism for firm value). When shareholders cannot commit to an effort policy, debt distorts the
effort choice. To capture the cost, we adopt the no-overhang case (NO) in which shareholders
commit to use the optimal efforts a, and e, without leverage, as described in Section 4.3. We
denote the resulting equity, debt, total firm, and leverage values, respectively, by fno(d), Dno(9),
TVno(d; C), and M Lno(dg) (see Appendix A.4.3 for details).?®

28The no-overhang case involves optimal unlevered long-term-effort and short-term-effort policies that do not
maximize levered equity value. We emphasize that throughout this section we keep all the parameters governing the
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Panel A: Optimal Leverage

5 Cr &)tr—¢) TV(S)  f(6)  D©) BC®©) TB() CC©) dp
75 3338  1363.63  1,654.88 1,043.06 611.82 1493 86.53 189.44 10.89
100 47.83 1818.18 2,124.98 1,287.24  837.74 28.65 115.60 173.56 16.59
150 81.07 2727.27 307032 1,732.44 1,337.88 5829 180.22 160.98 29.81

Panel B: Unlevered Case

o C do/(r—¢) TV(0) f(9) D(6) BC(5) TB(0) CC(5) op
75 0 1363.63  1,587.70 1,587.70 0 0 0 224.46 0
100 0 1818.18 2045.68  2045.68 0 0 0 228.06 0
150 0 272727 2,959.19  2,959.19 0 0 0 232.32 0

Table 2. Sources of Firm Value in the Base Case
This table shows the various sources of firm value for the base case (i.e., the case without com-
mitment, where policies are optimally chosen by shareholders after debt has been issued) for three
different firm sizes §. For each firm size, we calculate quantities at the optimal leverage C* and for
the unlevered case C' = 0. The parameter values are r = 0.05, 8, = 30, 0. = 1, Oy = 1.5, v = 5,
05 =0.25, 04 = 0.12, p=0, 7 = 0.15, a = 0.30, ¢ = —0.005, and ¢ = 1.

Table 3 displays firm values for three different initial firm sizes, §o = 75,100, 150. Column 1 pro-
vides quantities when effort policies are optimally chosen by shareholders after debt has been issued
(normalized relative to the unlevered unmanaged total firm value éy/(r — ¢) = 100 in parentheses).
Column 2 gathers quantities for the case in which there is commitment to the no-overhang policies,
as described at the beginning of this section. They correspond to the cases with the subscript NO.
Outputs in column 3 are for the base case but use the optimal coupon C%,, calculated under the

no-overhang policies. Finally, column 4 reports the percentage change between columns 3 and 2.

A number of new results relative to, e.g., He (2011), emerge from Table 3. First, no-overhang
effort policies increase normalized total firm value between 0.50 (large firms) to 0.92 (small firms).
By alleviating short-termism and underinvestment (due to debt overhang), total firm value can be
enhanced. Since small firms are more prone to the distortions of debt overhang, it is expected that

commitment to the no-overhang policies will induce a larger increment for small firms.
Second, no-overhang effort policies reduce shareholder value by 0.53% (small firms) to 0.80%
(large firms), because shareholders cannot implement their ex-post optimal policies. For any §

level, equity value is reduced (i.e., f(§) > fno(d)) and default hastens (i.e., 5 < d5©). Intuitively,

managerial moral hazard problem constant, as to avoid conflating the effects of debt overhang and moral hazard on
firm value.

24



Management Science

Page 26 of 52

Base Case No Overhang (NO) Base Case with Cx Change
5o 5o = 150 8o = 150 o = 150
So/(r—¢)  2727.27 (100)
fu(do)  2959.19 (108.50)

TVno(do) 3070.32 (112.57)  3083.74 (113.07) 3070.25 (112.57)  0.43% (0.50)
fno(do) 1732.44 1693.48 1707.22 -0.80%
Dno(o) 1337.88 1390.25 1363.02 1.99%

Yo 81.07 83.08 83.08
650 29.81 33.79 30.62
M Lyo(do) 43.57 45.08 44.39
CSno(do) 105.95 97.58 109.52
Base Case No Overhang (NO) Base Case with Cy, Change
5o 100 100 100
So/(r—¢)  1818.18 (100)
fu(d)  2045.68 (112.51)

TVno(dy) 2124.98 (116.87)  2136.50 (117.51) 2124.70 (116.85)  0.55% (0.66)
fvo(do) 1287.24 1236.50 1244.56 -0.64%
Dno(do) 837.74 900.38 880.14 2.29%

Co 47.83 50.98 50.98

650 16.59 20.20 17.84
M Lyo(do) 39.42 42.13 41.42
CSno(do) 70.93 66.22 79.22

Base Case No Overhang (NO) Base Case with Cx Change
5o 75 75 75

So/(r —¢)  1363.63 (100)

ful(do) 1587.70 (116.43)

TVno(do) 1654.89 (121.35)  1665.98 (122.17) 1653.46 (121.25)  0.75% (0.92)
fno(do) 1043.06 943.30 948.36 -0.53%
Dno(do) 611.82 722.67 705.10 2.49%

%0 33.38 40.04 40.04
§50 10.89 14.92 13.53

M Lyo(do) 36.97 43.37 42.64
CSno(do) 45.57 54.05 67.85

Table 3. Firm Value Without Debt Overhang in Effort Policies

This table calculates the changes in equity, debt, and total firm value when there is no debt overhang
over the effort policies. Column 1 corresponds to the base case without commitment, where effort
policies are optimally chosen by shareholders (after debt has been issued). Column 2 corresponds
to the no-overhang case (NO). Column 3 recomputes the base case when the coupon is given by
the no-overhang case Cy5. Column 4 computes percentage changes between columns 2 and 3.
Normalized total firm values are in parentheses as the percentage value relative to the unlevered
unmanaged total firm value éo/(r — ¢) = 100. The parameter values are r = 0.05, 6, = 30, 6. = 1,
Oupe =1.5,v=5,05=0.25 04 =0.12, p=0, 7 =0.15, « = 0.30, ¢ = —0.005, and ¢ = 1.
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commitment prevents shareholders from cutting long-term and boosting short-term investments in

financial distress. So, it is more costly to run a distressed firm, and earlier default is optimal.

Third, the gain in debt value from no-overhang policies ranges from 1.99% (large firms) to
2.49% (small firms). Shareholders default earlier, which increases recoveries, but also commit to
more long-termism, which makes default less likely. Hence, debt value rises (i.e., Dyo(d) > D(9)).
Note that the gain in debt value dominates the reduction in equity value and, as discussed above,

total firm value goes up.

Finally, the effect of debt-overhang in terms of short-termism and lack of long-termism (i.e.,
underinvestment) is stronger for smaller firms. To mitigate the effect of debt overhang, optimal
leverage is lower for small firms (column 1). Optimal leverage in the base case ranges from 36.97%
(small firms) to 43.57% (large firms). On the other hand, when firms can commit to the no over-
hang policies (column 2) there is no need to adjust leverage to mitigate the effects of short-termism

and underinvestment, thus optimal leverage is much less sensitive to initial firm size.
5.1.2 Quantifying the Cost of Short-Termism

In this section, we quantify the effect of short-termism on firm value. In particular, we consider first
the case in which shareholders can commit ex-ante to implementing the unlevered short-term-effort
policy. However, shareholders cannot commit to the long-term-effort policy, which must be chosen
optimally after the debt is in place. This case corresponds to the no-short-termism case (N.S) with
effort e, described in Section 4.3.29 We denote the resulting equity, debt, total firm, and leverage

values by fns(0), Dns(d), TVNs(do; C), and M Lys(do), respectively.

Table 4 performs a similar exercise as Table 3 but computes the changes in firm value resulting
from committing to the unlevered short-term-effort policy. As expected, the ability to commit to
ey, increases total firm value, but the effect is more modest than when the firm can commit to both
ey and a,,. In particular, normalized total firm value increases by 0.31 (large firms) or 0.44 (small
firms), which is approximately half of the increment observed in the previous case. Similarly, the
reduction in shareholder value ranges from 0.23% (small firms) to 0.49% (large firms), while the

increment in debt value ranges from 1.21% (large firms) to 1.38% (small firms).

29This case is, in spirit, closer to He (2011) in that only long-term effort is endogenous, but it features multiple
efforts and associated compensation costs. Recall that the no-underinvestment (NU) case described in Section 4.3
assumes commitment to a, but immediately implies e, so it is spanned by the no-overhang case (NO) in Section
5.1.1.
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Base Case No Short-Termism (NS) Base Case with C} ¢ Change
5o 150 150 150
So/(r—¢)  2727.27 (100)
fu(do)  2959.19 (108.50)

TVns(do) 3070.32 (112.57) 3078.63 (112.88) 3070.31 (112.57)  0.27% (0.31)
fs(6o) 1732.44 1716.89 1725.51 ~0.49%
Dns(do) 1337.88 1361.74 1344.80 1.26%

Cq 81.07 81.62 81.62
6N 29.81 31.60 30.03
M Lyg(d0) 43.57 44.23 43.80
CSns(do) 105.95 99.41 106.92
Base Case No Short-Termism (N.S) Base Case with Cyg Change
5o 100 100 100
So/(r —¢)  1818.18 (100)
fu(do)  2045.68 (112.51)

TVns(do) 2124.98 (116.87) 2132.24 (117.27) 2124.64 (116.85)  0.35% (0.42)
fns(do) 1287.24 1235.31 1240.01 -0.37%
Dy s(do) 837.74 896.92 884.63 1.38%

s 47.83 51.32 51.32

e 16.59 19.00 17.97

M Lys(d0) 39.42 42.06 41.63

CSns(do) 70.93 72.24 80.12

Base Case No Short-Termism (NS) Base Case with Cyg Change
5o 75 75 75
do/(r—¢)  1363.63 (100)
fu(do)  1587.70 (116.43)

TVns(do) 1654.89 (121.35) 1660.15 (121.74) 1654.12 (121.30)  0.36% (0.44)
fs(6o) 1043.06 969.44 971.67 -0.23%
Dys(60) 611.82 690.71 682.45 1.21%

Cq 33.38 38.36 38.36
659 10.89 13.30 12.86
M Lys(do) 36.97 41.60 41.25
CSns(do) 45.57 55.45 62.08

Table 4. Firm Value Without Debt Overhang in Short-Term Effort
This table calculates the changes in equity, debt, and total firm value when there is no debt overhang

over the short-term-effort policies. Column 1 corresponds to the base case without commitment,
where effort policies are optimally chosen by shareholders (after debt has been issued). Column
2 corresponds to the no-short-termism (IN.S) case. Column 3 recomputes the base case when the
optimal coupon is given by the no-short-termism case C'y . Column 4 computes percentage changes
between columns 2 and 3. Normalized total firm values are in parentheses as the percentage value
relative to the unlevered unmanaged total firm value d¢/(r — ¢) = 100. The parameter values are
r =0.05,0, = 30,0, = 1, 04e = 1.5, v = 5, 05 = 0.25, 04 = 0.12, p = 0, 7 = 0.15, « = 0.30,
¢ = —0.005, and ¢ = 1.
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In sum, commitment to the unlevered short-term policy increases firm value and debt value, but
(and as expected) decreases equity value, which is why in reality we may not observe commitment.
The quantitative effects are about half of those observed in the no-overhang case. Economically, the
experiments imply that outlawing short-termism destroys shareholder value once debt is in place
but increases debt value. Hence, policy proposals should recognize ex-ante beneficial and ex-post

harmful implications and, in particular, the expected net result for firm value.
5.1.3 Combined Cost of Debt Overhang and Short-Termism

In this section, we analyze the economic magnitude of the total agency cost. Our calibrated model
implies a 1% loss of firm value, of which about half is due to excessive short-termism. As a
percentage of debt value, however, the loss is nearly 2%, of which over 1% comes from excessive

short-termism.3?

Consistent with our results, the analysis of Hackbarth and Mauer (2012) indicates that agency
costs between 0.5% and 1.0% of firm value are attributable to an equilibrium feedback effect. That is,
once the firm’s investment and financing decisions endogenously reflect bankruptcy costs, interest
tax shields, and moral hazard, the residual (i.e., equilibrium) agency conflict will be small, because

it has been optimally minimized by its equilibrium investment and financing decisions.

We illustrate this result graphically in Figure 5 by considering nonoptimal financial leverage
levels of +10% and 4+20% deviations from the firm’s equilibrium leverage of 40% in our base case.
Panel A depicts the agency cost of debt (AC) as a function of firm size §. The blue line corresponds
to the total agency cost of debt (i.e., underinvestment plus excessive short-termism), while the red
line correspond to the agency cost due to excessive short-termism. Panel B performs a similar
exercise, but using debt value as the deflator. For each panel, the three dotted lines depict ¢ values
of 75, 55, and 42, which correspond to leverage levels of 40%, 50%, and 60%, respectively. That
is, we depict the agency costs implied at the optimal leverage for an initial firm size of 75, and we
plot how such costs fluctuate throughout the lifetime of the firm. For moderately overlevered firms,

the agency costs of short-termism and underinvestment range from 0.8%-1.6% and 1.2%-2.6%,

30Gimilarly, Mello and Parsons (1992) note that the magnitude of the agency cost of debt varies with its deflator
(e.g., debt or equity value, first- or second-best firm value, levered or unlevered firm value); in their study, the agency
cost is 0.8% of firm value but 4.3% of debt value: “From Table IV we read that the agency costs of this quantity of debt
are $0.22 million, or eight-tenths of a percent of firm value. In terms of the amount of debt sold, however, these agency
costs are close to 4.3%, a very large value. This should be compared to other costs such as underwriting fees and ad-
ministrative expenses which are usually 1.3% of the value of a debt offering according to Mikkelson and Partch (1986).”
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A. AC as proportion of Firm Value B. AC as proportion of Debt Value
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Figure 5. Agency Cost of Debt

We assume r = 0.05, 8, = 30, 0. = 1, 0, = 1.5, v =5, s = 0.25, 04 = 0.12, p =0, 7 = 0.15,
a = 0.30, and 1 = 1. The dashed lines at 75, 55, and 42 represent 40%, 50%, and 60% leverage.

respectively. Observe, however, these estimates are nearly twice as large for highly levered firms.

5.2 Endogeneity of Growth Rate

In this section, we compute optimal policies for firms that have bright prospects and firms that have
grim prospects. We do so by computing comparative statics with respect to the baseline growth
rate of firm size ¢ and interpret a large (low) value of ¢ as having bright (grim) prospects, because

this firm is expected to experience fast (slow) growth in the future.

Figure 6 shows that firms with bright prospects focus a lot more on the long term and put little
effort into the short term. Conversely, firms with grim prospects optimally focus on the short term
and put little effort into the long term.?! Our results show that studies suggesting excessive short-
termism need to be aware of simultaneous causality. One may be tempted to infer that success is
a consequence of long-term investment. However, our model shows that firms that are more likely
to succeed (high ¢) optimally focus on the long term. Consistent with Summers (2017), success is

thus not only the result but also the cause of long-term investment (less short-termism).

31Consider the example of IBM. IBM’s sales in 2017 were at the same level as they were in 1997. Over this period,
it reduced costs and cut investment by half. Our model suggests that such decisions are not suboptimal and myopic.
Rather, they are optimal responses to the new generation of technology firms that have taken over the industry.
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A. Long-term effort: a(d) B. Short-term effort: e()
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Figure 6. Effect of Growth Rate

The parameter values are C* = 47.83, g = 100, r = 0.05, 6, = 30, 0. = 1, 04 = 1.5, v = 5,
06 =025, 04=0.12,p=0,7=0.15, « = 0.30, and ) = 1.

5.3 Impact of Investor Horizon on Optimal Policies

In this section, we study the impact of investors’ horizons in the optimal policies of the firm. In
particular, we relax the assumption that shareholders, bondholders, and the manager have the same
discount rate r. Instead, we maintain the assumption that the manager’s discount rate is r, but
we allow the shareholders to have discount rate r® = 7 + A. As X increases, shareholders become

more impatient, which we interpret as having a shorter investment horizon.??

Figure 7 depicts the optimal investment policies for three different values of °. Panel A shows
that, as the shareholders’ investment horizon decreases, the optimal amount of long-term effort
implemented goes down. This is intuitive because of the term-structure of the payoffs associated
with long-term effort a(9). Shareholders pay upfront for the cost of effort (both direct and indirect),
but the payoff is realized over time via the increment in firm size §. A higher discount rate will
reduce the value of future cash flows and thus reduce optimal long-term effort. Panel B shows that a
shorter investment horizon increases short-term effort. The payoff from short-term effort is realized
immediately for shareholders via higher contemporaneous cash flows. Under the assumption that

the two tasks are substitutes (or that transitory and permanent shocks are positively correlated),

32While investor discount rates are not directly observable, it is conceivable that heterogeneity among investors’
fee structure reflect heterogeneity in discount rates.
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A. Long-term effort: a(d) B. Short-term effort: e()
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Figure 7. Effect of Investor Horizon

The parameter values are C* = 47.83, g = 100, r = 0.05, 6, = 30, 0. = 1, 04 = 1.5, v = 5,
05 =0.25, 04 =0.12, 7 = 0.15, a = 0.30, ¢ = —0.005, 1) = 1, and 7 is either 0.05, 0.055, or 0.06.

the reduction in investment horizon will encourage shareholders to increase short-term effort at the
expense of long-term effort. Furthermore, a shorter investment horizon reduces shareholder value

for a given firm size, rendering it optimal to default earlier.

Panel A: 69 = 75,C* = 33.38
S TV (6) % change TV () f(9) % change f(0) D(5) % change D(0)

5%  1,654.88 - 1,043.06 - 611.82 —
55% 1,633.90 -0.73 1,038.73 -0.41 595.16 -2.72
6% 1,611.13 -2.11 1,030.42 -1.21 580.70 -5.08
Panel B: §p = 100, C* = 47.83
S TV()) O D(6)
5%  2,124.98 - 1,287.25 - 837.74 -
5.5% 2,098.26 -1.25 1,283.03 -0.32 815.23 -2.68
6% 2,072.73 -2.45 1,275.90 -0.88 796.82 -4.88

Table 5. Firm Value for Different Investor Horizons
The parameter values are r = 0.05, 6, = 30, 0, = 1, 04 = 1.5, v =5, 05 = 0.25, 04 = 0.12, p = 0,
7=0.15, « = 0.30, and ¢ = —0.005, and ¢ = 1.

Finally, we quantify the changes in firm value associated with implementing policies dictated by
shareholders with shorter investment horizons. In Table 5, we compute the net present value of cash
flows that would accrue to shareholder and bondholders for the three different sets of effort policies

depicted in Figure 7. That is, we compute the effort policies that shareholders with discount rates
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S = 5%, 5.5%, and 6% would deem optimal, then we calculate bond and equity values under the
discount rate r = 5%. The point of this exercise is to isolate the distortion in firm value associated
with implementing the policies desired by shareholders with shorter investment horizons from the

mechanical reduction in value resulting from a higher discount rate.?3

Table 5 shows that implementing policies dictated by investors with shorter investment horizons
reduces both equity and debt prices. It is intuitive that more underinvestment will be detrimental
for bondholders. Moreover, shareholders (with a discount rate of ) are also made worse off because
the implemented policies are no longer optimal for them. The implemented policies feature too
little long-term effort and too much short-term effort. Importantly, the associated changes induced
by an increase in the discount rate from 5% to 6% lead approximately to a reduction of 1% in equity
value, 2% in total firm value, and 5% in debt value. Thus, the potential welfare losses resulting

from investors with shorter investment horizons are potentially significant.3*

5.4 Credit Spreads and Risk-Shifting

In this section, we show that equity value responds very differently to an increase in the value of
volatility of transitory versus permanent shocks. Panels A and B of Figure 8 depict comparative
statics of equity value and credit spreads for different values of o5. Equity value can be increasing
in the volatility of permanent shocks. As we discussed in the previous section, the real-options
effect and the incentive-cost effect affect equity value. For our parameterizations, the real-option
effect dominates and shareholders benefit from higher permanent risk os. Intuitively, shareholders
face an asymmetric payoff from higher volatility. On the upside, they can benefit if higher o5 leads
to a large value of §, but they can exercise their option to default if it leads to a low value of §. The
higher probability of default negatively impacts debt value and leads to higher credit spreads on
debt. These conflicting views between shareholders and bondholders with regards to the desirability

of increasing risk are known in the literature as asset substitution or the risk-shifting problem.

330ne can think of this exercise as the following thought experiment: a majority shareholder with discount rate r*
takes control of the firm, and implements the effort policies that she finds optimal. We then compute the value of
equity from the perspective of the minority shareholder with discount rate r. Similarly, for bond prices. We interpret
the discount rate wedge ¥ — r > 0 as a reduced-form way of capturing managerial moral hazard in the delegated
wealth management industry, and manifesting itself in the form of suboptimally high discount rates. Moreover,
our result that giving control of corporate policies to short-termistic investors leads to additional and significant
reductions in value is consistent with the agenda of FCLT Global.

34The model restricts attention to the effect of short-term investors in our multi-tasking problem, which does not
suggest there are no benefits from shorter investor time horizons in practice (see, e.g., Giannetti and Yu (2018)).
However, investors with shorter time horizons may, in practice, be precisely those who are better at identifying firms
with higher baseline growth rates ¢ that we analyzed in the previous section (see, e.g., Edmans (2017)).
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Figure 8. Comparative Statics of Equity Value and Credit Spreads

Panels A and B (C and D) chart the comparative statics of equity value and credit spreads for
different values of the volatility of transitory (permanent) shocks. The parameter values are C' =
47.83, 5o = 100, r = 0.05, 0y = 30, 6o = 1, Ope = 1.5, ¥ = 5, 05 = 0.25, o4 = 0.12, 7 = 0.15,
a = 0.30, ¢ = —0.005, and ¥ = 1.

In contrast, transitory risk o4 does not yield such an effect. Panels C and D of Figure 8 depict
comparative statics of shareholder value and credit spreads for different values of o 4. In the case
of volatility of transitory shocks, shareholders are made worse off as a result of the higher cost of
incentive provision, but there is no real-option effect. This higher cost is born by the shareholders
and renders their claim less valuable, as seen in the picture. Moreover, as we discussed in the
previous section (Panel B in Figure 3), higher o4 leads to earlier liquidation. Since bondholders
bear the costs of bankruptcy, they are made worse off by the increase in transitory volatility (credit
spreads increase).>”

Our results rationalize the finding that managers do not rank concerns about risk-shifting among
their most pressing concerns. In fact, Graham and Harvey (2001) find that managers are not con-
cerned about minimizing risk-shifting concerns when deciding on their debt policy (for example, by
issuing short-term debt). Our results show this is rational when these concerns are about increasing

volatility of transitory shocks. Such volatility would hurt both shareholders and bondholders, and

35See Ho-Eom et al. (2004) for evidence on credit spreads observed in reality and performance of various structural
models in predicting actual spreads.
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thus bondholders would know that it is also in shareholders’ interest to minimize it.

6 Extensions and Alternative Setups

6.1 Finite Maturity Debt

Following Leland (1998), we extend our model to consider finite maturity debt in a stationary envi-
ronment. The firm has debt with constant principal P and pays a constant coupon C' at each mo-
ment in time. It rolls over a fraction m of its total debt. Therefore, any finite-maturity debt policy

is fully characterized by (C,m, P). In the absence of bankruptcy, the average maturity equals 1/m.

Figure 9 illustrates the optimal amount of long-term effort a(d;) and short-term effort e(d;) for
a firm financed with infinite maturity debt (blue line), a firm financed with finite maturity debt
(yellow line), and an all-equity-financed firm (dashed red line). Shorter debt maturity features two
opposing effects. First, it induces more rollover payments that increase the endogenous default
boundary, which directly exacerbate underinvestment and short-termism. Second, the repricing
of newer debt encourages shareholders to increase firm size, hence mitigating underinvestment.3
In our model, the first effect dominates for low values of &, while the second effect dominates for
higher values. Importantly, our key finding that excessive short-termism is an indirect agency cost
of debt is qualitatively robust to the introduction of finite maturity debt, and is not specific to our

baseline specification of infinite maturity debt without rollover payments (i.e., m = 0).3"

6.2 Shareholder Limited Commitment

If shareholders can commit to a long-term contract with the manager, it is without loss of generality
that one can search for an optimal contract within the space of incentive-compatible contracts that
induce no private savings. However, if shareholders have limited commitment (i.e., if they renege on
their promises to the manager when his future wages are large), a limited commitment constraint

would have to be imposed on the optimal contract:

B, < B(6) (32)

36See Diamond and He (2014) for a detailed discussion on the way the repricing mechanism alleviates the under-
investment problem.

370ur results are also robust to the introduction of performance-sensitive debt (PSD) a la Manso et al. (2010);
they are available upon request.

34



Management Science
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Figure 9. The Effect of Finite-Maturity Debt on the Optimal Effort

The red dashed, solid blue, and solid yellow lines, respectively, represent the unlevered, optimally
levered with infinite maturity, and finite maturity cases. Actions are independent 6,. = 0 in Panels
A and B, and are substitutes 6, = 1.5 in Panels C and D. Parameter values are 6y = 100, » = 0.05,
0,=30,0.=1,v=5,05=0.2504=0.12, p=0, 7 =0.15, o = 0.30, $ = —0.005, and ¥ = 1.

Our implementation of the optimal contract does not require commitment from shareholders, be-
cause our optimal contract allows the manager to have private savings. His private savings are
in fact equal to his certainty equivalent B;. This contract is equivalent to the optimal contract,
since it induces the same consumption on the manager and the same incentives. But from the per-
spective of the shareholders, they do not require commitment to deliver a high continuation value
to the manager after good performance. The compensation after good performance has already
been transferred to the manager’s bank account, and shareholders cannot access it, since two-way
transfers between the manager’s savings account are governed by the rule specified in (24) that

depends on the history of output and firm size.

An important question is what would happen if shareholders could not commit to the manager
and still had to implement a no-savings contract? A full treatment of this question is beyond
the scope of this paper. Intuitively, shareholders would reduce incentives after good performance.
After good performance, B; grows and the limited commitment constraint (32) tightens. Because

the drift of By is increasing in the incentives to exert effort (equation (24)), shareholders would
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optimally decrease the drift of B; by implementing lower effort levels.?

7 Conclusion

This paper studies the tension corporations face between incentivizing long-term growth versus
maximizing their short-term profitability. We show that short-termism is not necessarily the result
of myopic managerial behavior but is in fact optimal for shareholders. Short-termism is particularly
desirable for shareholders of a financially distressed firm financed with debt. Furthermore, we
characterize excessive short-termism as an indirect cost of debt and show that it is quantitatively as
important as the cost of underinvestment. Notably, the conventional wisdom to ban short-termism
(e.g., by the Securities and Exchange Commission) destroys shareholder value, and policy proposals
need to be more nuanced to recognize agency costs of debt and dynamic effects of commitment.

Put differently, there is a certain lack of long-termism that is nevertheless optimal for shareholders.

Two additional results have important implications for empirical work and policy making. First,
high-growth firms endogenously choose to implement higher levels of long-term effort. Hence,
empirical results connecting firm performance and a proxy for long-term focus need to carefully
account for endogeneity concerns. Second, firms controlled by investors with suboptimally short
horizons focus excessively on short-term profitability at the expense of long-term growth. Our
results indicate that such distortions significantly reduce firm value. Thus, designing capital-gains-

tax policies aimed at lengthening investors’ horizons can lead to an improvement in social welfare.

Finally, our analysis suggests that debt covenants that restrict the long-term-effort policy of
the firms are more effective at maximizing firm value than covenants that restrict short-termism.
Also, compensation contracts with inside debt can serve as a commitment device for shareholders to

incentivize long-term effort during financial distress. We leave these questions for future research.

38See Ai and Li (2017) and Bolton et al. (2018) for models of two-sided limited commitment. They explore the
implications for investment and risk-management when the agent and the principal have limited commitment.
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A Appendix

A.1 Appendix for Section 3

A.1.1 Change of Measure

We want to show that each policy (a, e) induces a probability measure. Fix a probability measure P° under
a zero-effort policy at all times such that

dé; = ¢popdt + 056, AW, and dA; = pdt + o 4dW}F,

where W and W/ are correlated standard Brownian motions under this measure P° with E° [dW”dW[']| =
pdt. We can decompose the correlated Brownian motions so that

P 1 0 P
() (k1) (3
Wt 1—p2 1—p2 Wt

=M

is a bi-dimensional standard Brownian motion with mutually independent components.
Now, we apply Girsanov’s Theorem (theorem 5.1, Karatzas and Shreve (1991)) to (W7, WtA)/. Let

e 1
@t(Cl,e) = (at7 et) , and O(a,e) = MO(a,e) = <at P a e

t t
?_77—"_77 )
05 04 05 \/1—p20;5 x/l—p2UA>

t P 1 t
la.c) = ([ 0o (qya ) -5 [ 16 elfds).

where || - || is the Euclidean norm in R?%. Under our regularity conditions, the Novikov’s condition

K |:exp (; /Ot |(:)s(a,e)||2ds)] < 00

holds, then the process & is a martingale under measure P°. In particular, E%¢, = E%, = 1, and the

process I'; is a density process that defines the probability measure P(*€) via the Radon-Nikodym derivative

(ase) .
‘”;7,0 |7, = &(a,e). By Girsanov’s Theorem, the process

t a;
(%)= L
A = A - t as 1 es ’
VA Wi fo <— \/1[:;;2‘775 + Vi UA) ds

is a bi-dimensional standard Brownian motions under measure P(>¢). Note that Z/ and Z/* are independent
because W/ and W/ are. We can now calculate

ZP\ (1 0 zP
zt )\ p V1i=-p2 )\ 2" )’

=M1

and define

where the second row is (4). So, the followings are increments of a standard Brownian motion under P(®):

- d5t — (d) + at)dt

dZtP— dAt_(w'Fet)dt

ddzTr =
0'5615 ; all t oA )
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with E(@¢) [dZFdZT] = pdt.
A.1.2 Proof of Proposition 1

Necessary Conditions: First, we provide the recursive representation of the agent’s continuation utility (9).

Fix an arbitrary contract I' = (¢, a, e). Recall that P(@€) denote the probability measure induced by the effort
policy (a,e), and F = {F; : t > 0} is the filtration generated by A; and §;, that is 7y = 0 ({As, s : s < t}).
Thus, I represents public information. We assume incentive compatibility a; = a; and é; = e; and no-savings
¢+ = ¢; whenever no confusion arises. Define the agent’s lifetime expected utility as

[e'e] t
Vi(6:,T) = Ega’e) {/ e”u(cs,as,es)ds] :/ e "u(cs, as, es)ds + e "W (04, T), (A1)
0 0

where Eﬁ“’e) [] is the expectation taken under the measure P(**) conditional on the information J;; and
Wi(6:,T), defined in (8), is the agent’s continuation utility under the principal’s information. Moreover, the
process {V;(0;,T) : t > 0} is a square-integrable F;-martingale under measure P ().

Then, the Martingale Representation Theorem (Theorem 4.2, Karatzas and Shreve (1991)) implies that
there exists a process {bf At > O} that is progressively measurable with respect to F such that for any
time ¢ > 0,

t t
Vi =V + / (—yrWo)e b 036,z + / (W) " b0 46,427
0 0

¢ t A
:Vo—i—/ (—yrWy)e™ " (bf— 71p be) U(;éstSP—&-/ (—’ers)e_Tsibs QUAést?, (A.2)
0 gs 0 —

- p? V1=p

where in the second line, we substitute out dZ;* using equation (4). Setting

A

14 OA; A T bi
pE =P - —L__"2pA and g = ——,
t t 1= 2 05 t t /71—;)2

for all ¢, and differentiating the two expressions (A.1) and (A.2) for V; with respect to t, we obtain (9).

Next, for the necessary condition for no-savings. Given an arbitrary contract I', consider the optimal
continuation policy {cs,as,es : s > t}; and suppose the agent is given extra savings at time ¢. It is well
known that the wealth effect is absent with CARA preferences, then by the argument in He (2011), the new
optimal continuation policy is to follow the original continuation effort choices and consume an extra amount
rS now and at every time in the future s > ¢, that is {cs + 5, as,es : s >t} is the new optimal policy. It
follows from the exponential preferences that u(c, + .S, as,es) = e "u(cs, as, es) for all s > t. Then, in
terms of utility, an agent with savings S at time ¢ must have continuation utility

Wt<(5t7F;S) = G_WTSWt((St,F;O), (A3)

where W;(9;,T';0) is the agent’s continuation utility without savings as defined in (8).

Given an effort policy, the agent’s problem (5) implies a necessary condition for consumption on the no-
savings path: the agent’s marginal utility of consumption must equal her marginal utility of wealth. That
is, uc(cy, ap,ep) = %Wt(ét,F; 0). Then by condition (A.3), we have %Wt((St,F; S) = —yre ESW,(6;,T;0).
Evaluating this expression at S = 0, we obtain

0
uc(ct;at;et) = %Wt(étar;o) = —VTWt((St,F%O)a

which is the necessary condition (12) for the contract I' to induce no savings.

Lastly, we provide a heuristic argument for the necessary condition for incentive compatibility. For any
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given contract I', the agent’s problem (5) implies that at any point in time, the agent chooses the long-
term and short-term effort to maximize the sum of her instantaneous utility u(c, as, e¢)dt and the expected
change in her continuation utility W;. For any deviation (a¢,é;) from the recommended effort (a;,e;), then
(9) implies that under the probability measure P(@8) induced by the deviation policy,

]E(d’é) [th] = (—’}/TWt) (ﬂtp(&t - at) + ,B;fr(ét - et)) 5tdt
Thus, incentive compatibility requires

(ar,er) = argmax {u(cy, ar, &) + (—yrWy) (BF (ar — ar) + By (6 —ex)) 6t } - (A.4)

(G¢,é:)

Then, because u.(ct,ar,e;) = —yrWy by (12), the first-order necessary conditions of the problem (A.4) are
BF = galas,es;6) /0 and B = ge(as, es;6;) /s Using the effort cost function, we obtain (11). If 6,6, # 62

then the linear transformation
ea Hae . Q¢ — Btp
eae 96 ' €t BtT

is invertible; hence, the first-order conditions (11) define a one-to-one and onto mapping between (a;, e;) and
(B, BL) under a suitably defined domain.

Sufficient Conditions: We show that the necessary conditions stated in Proposition 1 are indeed sufficient.
That is, the contract induces incentive-compatible efforts and no private savings. Fix an arbitrary policy
(¢,a,¢é), and consider the gain process for the agent

t

¢,a,é 1—6—&@' —rs —rt _—~r

Gg ,€) :/ — T (s —9(as,85385)) o Sds 4+ e Tte StI/I/t((St,F;O)’
o 7

where the agent’s cumulative private savings S; evolves according to dS; = rSydt+ (¢; — & )dt, and the agent’s
continuation utility under the recommended effort policy (a, e) follows

AWy = (—yrWy) (BE6: (dA; — (W + er)dt) + BF (dSy — (¢ + ar)dedt))

with Wy = Wi(8;,T';0). Now, consider the dynamics of Ggé’é’é):

: 2,a,é L e —ata e K
e”eWSth'(f o= —e 7 (Gmgl@neo) e gy rWy — ’WWt(TSt +op— G )dt
Y
+ (—yrWe) (BT 8¢ (6 — ) dt + B0, (ar — ay) dt)
+ (—yrWh) (B SroadZi + BtTétagdZtP) ,

where ZF and Z!' are standard Brownian motions under the probability measure P@€) induced by the
agent’s policy (a,é). Maximizing the drift with respect to (&, as, €;) show that it is a concave problem in
which the first-order conditions guarantee optimality. Moreover, the necessary conditions for ICNS contracts

(11) and (12) ensures that E; |e"te?™5 dGEé’d’é)} < 0, and with equality for the optimal policy (¢ + rS,a, e).
Hence, we obtain that

St dGEa,d,é) = non-positive drift + (—yrW;) (ﬁtT(StUAdZtT + 6?(5,505de) )

Integrating this equation yields
o o T
Ggf’a"e) < G(()C’a’e) + / e e (—yr W) (B 6p0adZ] + BtT(Sto(;dth) ,
0

for all T. We impose a transversality condition limp_, ., E [e_TTe_’"ST WT} = 0 on the feasible paths of S;
to ensure the second term on the right-hand side of the above inequality is indeed a martingale. Under the
candidate optimal policy the transversality condition holds trivially since St = 0 and Wrp is a martingale.
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In fact, under the recommended policy the second term becomes fOT e~ "tdW;, which is a martingale (since
(é,8,)

W, is a martingale). Letting T — oo, taking expectations, and recalling that G = Wy imply that for
any feasible policy (¢, a, é)

E(‘ivé) |:/C>O _16*7(5t*9(@t7ét§5t)6*”dt < Wp.
0 Y

For a general policy the transversality conditions precludes Ponzi schemes with regard to the agent’s private
savings. This completes the proof, since the agent has no incentive to deviate from the recommended policies.

A.2 Appendix for Section 4.1

In this section, we first show that problem (15)-(16) can be rewritten as a one-dimensional control problem.
Then, we show that the one dimensional problem satisfies the assumptions of Theorems 4 in Strulovici and
Szydlowski (henceforth, SS(15)). Next, we show that the continuation region for this problem is of the form
[05,00). Finally, we collect results to prove Proposition 2.

Step 1: Reduce a Two-Dimensional Problem to a One-Dimensional Problem
Proposition 6. The value function P(5, W) of problem (15)-(16) satisfies
-1
P(6,W) = f(6) = — In(=yrW), (A.5)
yr

where the function f(6) is defined on [d,00) by

f0)= sup  H( B8] m8) (A.6)
(8.8 mB)eC

with

. . TBAT oo i 1
H(é;ﬁf,ﬂ?,ng) =El@"e) [/ e " (6 (1 +e) — (1 —7)C)) dt — / et (g(at,et,ét) + 2’y7‘5§§]t> dt] ,
0 0

(A.7)
where ¥y = (BF)20% + 2pBF Bl osoa + (BL)?0% and where we recall that

dé; = (¢ + az)d,dt + 056,dZF (A.8)
and (a*,e*) are given by equation (11) as functions of (37, 5T).

Proof. First, let B; = —# In(—vrW;) denote the certainty equivalent of the agent’s continuation utility. Fix
an admissible control (37, 81, 75), then

E(@ ") U e (Y — (1 — 7)Cdt) Li<rpnr — ctdt)]
0
TBAT oo
= E(¢) [/ e " (dY; — (1 —7)0dt) — / e " (glag, er; 8¢) +rBy) dt} (A.9)
0 0
e [ [ 1
= H(5; 87, 8T, 75) + B¢ [ / et (2%2& — rBt> dt} (A.10)
0

where the first equality follows from ¢; = g(a¢, et;0;) + 7By by (13) and the second from the definition of H.
By Ito’s formula, we can show that

t 1 t t
B; =Bg + / §7r286§ds+ / Bros6,dZF + / Broab,dZT. (A.11)
0 0 0
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Applying Ito’s formula to e B;, integrating, and taking expectations under the integrability conditions (10)
yields:

T > 1
(e [/ e "t (27r(522t - rBt> dt} = —By (A.12)
0

Taking suprumum in (A.10) over the admissible controls (5], 8T, 75) we obtain:

sup E©@¢) [/ e " ((dYy — (1 — 7)Cdt) Li<rpnr — Ctdt)] = sup H(8,8 ., 78) — Bo
(/3537/3?17'8) 0 (Btpvﬁ;TvTB)
(A.13)
which is equation (A.5), as desired. O

We first notice that any optimal policy must set the implied effort a; = e; = 0 for all t > 75 A 7. Hence,
problem (A.6) can be rewritten as:

- TBAL 1
f(6) = sup E(@"e7) [/ e " ((5t(¢ +er) — (1 —=7)C) —glas, e, ;) — ’77"51:22%) dt} (A.14)
BF,BE ,mB)EC 0 2

Step 2: Check Assumptions of Theorem 4 in SS(15).

We now proceed to show that problem (A.14) satisfies assumptions 1-4 required for Theorem 4 of SS(15).
Assumption 1 holds because (a,e) € [0,a]x[0, €] which implies (37, 8T) belong to a compact subset of R2.
Assumption 2 is essentially Lipschitz continuity for the drift, the volatility, and the payoff function. It holds
setting K = (¢ + @) + 05 + (¥ + € + (048> + 2040a€ + 0082) + 170((04T + Oace)’ 02 + (0.€ + Oaca)” 0% +
20 (04a 4 0,c€) (0c€ + 6,.G) 0504)). Assumption 3 corresponds to linear growth conditions and a uniform
lower bound on the volatility. For this assumption we needed to restrict é; > 4 > 0. Thus, this assumption
holds with ¢ = dos5, KI' =0, K = (p+a), K =05, and Kf = (1 —7)C + (¢+a) + 05 + (¥ + e+ (0,a° +
2000€ + 0,6%) + 170((00a + 00€)” 02 + (0.8 + 00ca)” 0% + 20 (00T + 040€) (€ + 04ca) 050 4)). Assumption
4 holds since the obstacle in our optimal stopping problem g(d) = 0.

Step 3: Characterize Continuation and Stopping Regions.

We can now apply Theorem 4 in SS(15). From i) we know that the value function f(0) is finite and has
linear growth. From ii) we know that f(d) is continuously differentiable on [§, c0) and satisfies f(§) > 0.
From iii) denoting by Y the subset where f(§) = 0 (i.e., the stopping region), then Y is closed and f(J)
solves (18) in [§,00)]/Y (i.e., the continuation region).

Under the parametric restrictions imposed in Conditions 1 and 2, the following proposition shows that
the continuation region has the conjectured structure.

Proposition 7. The stopping region Y = [§, 5] for some § < ip < cc.
Proof. Suppose for a contradiction that the stopping region is disconnected. Let (dx,dy) be an interval

in the continuation region separating two portions of the stopping region. We immediately know that
f(ox) = f(6y) =0and f'(6x) = f'(6y) = 0, since f(0) is continuously differentiable. Now, rewrite (18) as

rf5) = G0, £/(5)) + 503" (9) (A15)

where

G(d,q) = I(nm)( {5(1/) +e)—(1-7)C— %(5(9,1(12 + 20,40ae + 0.€%) + (¢ + a)dq — %77“522(@ e)} (A.16)
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Evaluating (A.15) at dx and dy yields

1
0=G(0x,0) + §U§5§<f”(5x), (A17)

1
0 = G(dy,0) + iagéif"(éy). (A.18)
Since f”(dx) > 0 (else f(dx +¢€) < 0) and f”(dy) > 0 (else f(dy —€) < 0), it follows that G(dx,0) < 0 and
G(dy,0) < 0. We now make the following claim.
Claim: G(6,0) <0 for all § € [dx,0y].

Next, let & be a maximizer of f(0) in [0x,dy]. This implies that f(8) >0, f/(6) = 0 and f"(8) < 0.
Evaluating (A.15) at J yields:

1 -
rf(0) = G(6,0) + 50?52f”(6) <0 (A.19)
which contradicts the fact that f(8) > 0. O
It remains to prove our claim.

Proof. Suppose for a contradiction that G(6,0) > 0 for some § € [6x,dy]. Let § be a maximizer of G(6,0)
in [6x,dy]. This implies that G5(d,0) = 0. Applying the envelope theorem in (A.16) and isolating 4 yields

Y+ e* — 15(0,(a%)? + 20,ca%e* + bc(e*)?)

0= yr¥(a*, e¥)

(A.20)

Moreover, it follows that
5o V- $6(04(a)* + 20,0a€ + 0. (€)?) _ (=7
ryi(a, e) V¥
where Condition 1 guarantees positivity of the numerator and the second inequality follows from Condition

2. Finally, notice that setting (a, e) = (0,0) implies that G(,0) > d¢p—(1—7)C for all 4. Since G(dy,0) <0,
it follows that

, (A.21)

(1-7)C
w 7
which contradicts (A.21). O

6 <oy < (A.22)

Step 4: Proof of Proposition 2:

Proof. From Proposition 6, it follows that the shareholder value function is given by (A.5). Applying Theo-
rem 4 in SS (2015) to (A.14) showed that f(J) is nonnegative, finite, has linear growth, and is continuously
differentiable. Moreover, by Proposition 7 f(§) corresponds to the solution of the ODE (18)—(19), where the
value matching follows from continuity of f(J) and the smooth pasting from being continuously differentiable.
Hence, we conclude the value function of problem (15)—(16) is given by (21).

O

A.2.1 Solution for Optimal Effort Policies in the HJB

The optimization on the RHS of the HJB (18) can be rewritten as

S af'(8) +e— (1/2)a® 0y + 78 (0202 + 6%, 0% + 20,4.0,050 4p))
a€la,al,e€|0,e

A
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— (1/2)€* (B + yrd(02,05 + 0207 + 204c0.0405p))

D

—ae (Bage + Y70(0400c02 + 0:00c0% + (0a0e + 6% )os504p))

B
We’ve made parametric assumptions on the coefficients such that the objective function is concave in the
controls (a,e). Since the constraints are linear, this renders the Kuhn-Tucker conditions necessary and
sufficient for optimality. Since the constraints on e never bind, we consider only the constraints on a, namely

a > 0 and a < a. We denote by A1 and Ao the respective multipliers. We first calculate the unconstrained
optimum by taking the FOC with respect to a and e to obtain

fOb-B ., _ A-f@©)B
AD- B>’ AD- B>

at =

(A.23)
Three cases are possible:

1. When 0 < a* < @, we claim the tuple (a*,e*,0,0) satisfies the Kuhn-Tucker conditions: Stationarity
is satisfied by construction, feasibility is satisfied by assumption, complimentary slackness is satisfied
(since both multipliers are zero), and positivity is satisfied (again since both multipliers are zero).

2. When a* <0, we claim the the tuple (0, é, A1, 0) satisfies the Kuhn-Tucker conditions (where é = 1/D
and A\ = W): Stationarity is satisfied by construction, feasibility is satisfied (since a = 0),

complimentary slackness is satisfied (since a = 0), and it is straightforward to check that positivity of
A1 is satisfied, and Ag is zero.

s}

3. When a* > @, we claim the tuple (a,¢é,0, A2) satisfies the Kuhn-Tucker conditions (where é = 175
_ a(AD-B*)—(f'(3)D-B)
and A\ = 5 )

: Stationarity is satisfied by construction, feasibility is satisfied (since

a = a), complimentary slackness is satisfied (since a = a), and it is straightforward to check that
positivity of Ay is satisfied, and \; is zero.

Letting Ky = K = and Ky = in A.23 yields the condensed expressions for the

D A
AD—B2’ AD— 32’ AD-B2

optimal effort policies in (20).
A.2.2 Unlevered Firm Contract With Observable Effort

Suppose there is no agency problem (i.e., the agent’s actions are perfectly observable) and the firm has no
debt. In this case, the firm value frp(0) satisfies

rfrp(d) =r(gag)<{6<w+e> - % (0a0® + 0c€® + 20acae) 6 + (¢ + a)3 [ (8) + ogészB< )} (A.24)

Since the cash flows and expected capital gains are proportional to d, homogeneity implies frp(d) = g9,
where ¢ is a constant that reflects the marginal value per unit of firm size. Substituting the conjecture into
(A.24), we have a equation that determines the unknown coefficient ¢:

rq = max {(w +e)— % (OaaQ +0.¢2+ 20aeae) + (o + a)q} .

(a,e)

The equation implies the first-order conditions ¢ = (GaaFB + HGEeFB) and 1 = 0.8 +0,.a"B for long-term
and short-term efforts. These conditions determine the coefficient ¢ (valuation multiple).
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There are a few implications. First, the marginal value per unit of firm size is constant. This implies,
together with the scaling in the marginal effort costs, that efforts in this case are independent of firm
size. Second, permanent shocks, transitory shocks, and their correlation do not affect g; hence, efforts are
independent of volatility. However, the firm value ¢d; is still volatile; it evolves as a geometric Brownian
motion. Third, a positive permanent shock dZF > 0 increases firm value through its effect on &;, but a
positive transitory shock dZ} > 0 has no effect on firm value.

Lastly, we provide a sufficient condition for the firm value to be real. Consider the case in which
Bse = 0 (the general case is essentially the same, but the notation is more cumbersome and is available upon
request). From the equation rq = Jénau)( {(1/} +e)— % (9aa2 + 9662) + (o + a)q} and first-order conditions

a,e

g =6,a"P and 1 = 0.e"B, we have a quadratic equation in ¢: ﬁqz —(r—¢)g+ (¥ + i) = 0. The larger

positive root, ¢ = ,(r — ¢) + 0, \/(r —¢)2 — %(z/) + ﬁ% is the required solution. For ¢ to be real, we need
(0= 91> E(0+ 54

A.3 Appendix for Section 4.2
A.3.1 Proof of Proposition 3

We apply Proposition 6 to write the problem as an equivalent one-dimensional control problem. The result
follows from applying Theorem 1 of Strulovici and Szydlowski (2015). Existence and uniqueness can be
guaranteed in this instance because there is no optimal stopping for the unlevered case.

A.4 Appendix for Section 4.3

A.4.1 Proof of Proposition 4

We will show that the optimal level of short-term effort in the case when p = 6,. = 0 is given by e* = %, where

in this case D = (1 +yrd0.0%). Therefore, the optimal level of short-term effort would be independent of
the coupon payment C, thereby proving our proposition.

Consider the case in which the constraints on a do not bind. First, notice that p = 6, = 0 implies

B = 0. Second, substituting B=0in (A.23) yields e* = %, as expected. A similar argument shows that

e* = % for the case in which the constraints on a bind.

A.4.2 Proof of Proposition 5

Suppose that f(9) solves (A.27), which using our condensed notation for A, B and D can be rewritten as

ri(5) = L au@)F/0) + eu(6) - 44 = SQOP — a,(9)eu(6)B (A.25)
+0t) — (1 = 7)C — +¢Sf (6) + 2028621 (9) ’

subject to

f6RO) =0, f(680) =0, lim f'(5) > 2

d—00 ’I“—gi)‘

Recall that a,(d) and e, (d) satisfy

a,e

ay,(0), €,(0) € argmax {a(é)f;(é) +e(d) — e - — a(&)e(é)B} )
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which implies that

uls) € argmgx{auw)f’(a) se(g) - 202 COD o 5)ers)
Therefore, f(§) satisfies

rf(8) = max au(8)f'(6) + e — aig)A/_ <D _ au(a/)/B , (A.26)
celoe] | +0p — (1 —7)C — +¢6f () + L2627 (5)

and 65O = §JV satisfies the boundary conditions by assumption. Therefore, f(§) satisfies (A.29). The proof
of the converse is essentially identical.

A.4.3 Three Adjoint Problems

We formally state the three adjoint problems that we use through the body of the paper: the case with no
overhang (NO), the case with no short-termism (N.S), and the case with no underinvestment. (NU)

Case 1: No Overhang

Consider the case in which shareholders can commit ex-ante to implementing long-term-effort and short-
term-effort policies that maximize total firm value (but which do not maximize ex-post shareholder value).
We denote the resulting equity and debt values by fyo(d) and Dyo (), respectively, where the subscript
NO stands for no debt-overhang. Formally, fxo(d) solves the following ODE:

Oaai+29ueaueu+956i 5 ’ "
rfno(d) = max 5(? teu) = (1-7)C~ ( 2 ) + (¢ + au)dfno(0) + 3050% o ()
05 _% ((aaau + eaeeu)Qag + (eeeu + oaeau)QU,zq + 20(9(1% + Haeeu)(aeeu + eaeau)U(SO’A)
(A.27)

subject to the following value matching, smooth-pasting, and transversality conditions:
INoB50) =0, fro(B0) =0, lim flo(®) » —
d—00 r—¢
where a,, and e, are given by (26) which correspond to the effort policies obtained in the case of an un-
levered firm. We also compute optimal leverage for the case in which shareholders can commit to the

no-overhang policies a,, and e, . Initial shareholders choose coupon C' to maximize the levered total firm
value TVno(00;C) = fno(do; C) + Dno(dp; C). The resulting initial market leverage ratio in this case is

given by
Dno(60; Cxo(d0))
frno(d0; Cio(00)) + Dno(do; Cro(d0))’

MLyo(do) =

where C'yo denotes the optimal coupon.

Case 2: No Short-Termism

Consider the case in which shareholders can commit ex-ante to implementing the short-term-effort policy that
maximizes total firm value (but which does not maximize ex-post shareholder value). However, shareholders
are free to choose the long-term-effort policy that is optimal for them. We denote the resulting equity
and debt values by fys(d) and Dyg(9), respectively, where the subscript NS stands for no short-termism.
Formally, fns(0) solves the following ODE:

00> 20a€aeu+eeei 5 ’ 7
Tfns(6) = max 5(1@4‘ eu) = (1=7)C = e 2 ) + (6 +a)dfys(8) + 3056 fiys(6)
05° _% ((oaa + Qaeeu)Zag + (oeeu + oaea)QU,Qq + Qp(oaa + aaeeu)(eeeu + oaea)G(SO'A)

a€l0,a]
(A.28)
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subject to the following value matching, smooth-pasting, and transversality conditions:

Ins (085 =0, fls(oF) =0, Jim Jius(d) » =,

d—00 r— (15
where e, is given by the solution of (26) which correspond to the effort policies obtained in the case of an
unlevered firm. We also compute optimal leverage for the case in which shareholders can commit to the
short-term-effort policy e, . Initial shareholders choose coupon C' to maximize the levered total firm value
TVns(60;C) = fns(00; C) + Dys(do; C). The resulting initial market leverage ratio in this case is given by

Dy s(00; Cg(00))
fns(00; Oy g(00)) + Dns(do; Crg(do))

MLNS((s()) =

where C'ys denotes the optimal coupon.

Case 3: No Underinvestment

Consider the case in which shareholders can commit ex-ante to implementing the long-term-effort policy that
maximizes total firm value (but which does not maximize ex-post shareholder value). However, shareholders
are free to choose the short-term-effort policy that is optimal for them. We denote the resulting equity and
debt values by fny(0) and Dyy(d), respectively, where the subscript NU stands for no underinvestment.
Formally, fyi(6) solves the following ODE:

Gaai+20aeaue+9662 4 ’ ”
rfyu(0) = max W +e)— (1~ T)C ( 2 ) + (¢ + au)dfyp () + 3030% fyyy (9)
6gU "/7”5 ((0 Qy + aaee) (086 + eaea’u)2o—z24 + 2p(0aau + eaee)(aee + gaeau)oégA)

(A.29)

e€(0,e]

subject to the following value matching, smooth-pasting, and transversality conditions:

fvuGE) =0, Fp(@¥) =0, Jim firo (@) >

where a,,(0) is given by the solution of (26), and the subscript NU stands for no underinvestment.

A.5 Appendix for Section 4.4

Lemma 1. Let 75 = inf {t|§, < dp} and a; and e, be the interior solution on [dp,c0) given 6. For
0 €{,0,p,05,04,7,04,0c,C,7}, denote fy(d) as the value function for that parameter value. Then

B t et T a¢,et;0t ai) 00 "
/ oot A9t (Y4es)—(1— - )C; g( 3t)) + ¢>+ 5t fg((st) ; 89 52]1-0 (6t) atls, = 5
0 —355 (7787 ((B)?05 + 2P050A5t BE +(B)?0%))

0fo(0)
00

=E

with BF = 0qa; + Ogeer and BE = Ocer + 0400z
Proof. Given any default threshold ¢g, the investor’s payoff f(d;05) solves the ODE
rf(8;05) =3¢ +€) = (1= 7)C — g(a,;0) + (¢ + a)df (3;05) + 0552f (6;0p)
_ PYT(SQ ((,BP)QO'Q +2 ﬁPﬁT T\2 2 A.30
- 5 +2p0504 +(81)%0%) (A.30)

with boundary condition f(dp;85) = 0. Here a and e are the optimal choices and 8 = f,a + 0, and BT =
Oce + 04ca. Denote dp(0) as the optimal default threshold under 8, then by definition fy(d) = fo(J;05(6)).
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Differentiating both sides of (A.30) with respect to 6 and evaluate at g = 05(f), then together with the

Envelope theorem, 26(0) — 2100:05) | o 0 we get
P20 0 5 ) - (1= 710~ gla.io)) + 2O D) 4 1075 g )
—%%(ww((ﬂP>2cf§+2poaoAﬂPﬂT+(6T>2crfi)) +(¢+a)ios [ng )}
+%a§52§—; {a{;gé)] ge FOC(a )+% FOC(e)

with boundary condition %9(5) = 0 evaluated at the optimal default threshold. Note that FOC(a) and
FOC(e) are the derivative of the right-hand side of the HJB-equation with respect to the efforts. The
objects are zero under the optimal choice of a and e. The lemma then follows from the Feynman-Kac
formula.

From this lemma, we obtain the following partial derivatives:

9f(8)
oy

o Agency: 2O =B [[7" et (=507 - ((BF)?03 + 2p0s504BF BT + (B])20%)) dt|do = 8] < 0/if p > 0

e Drift terms:

=FE UOTB e~ "o dt| 6y = 5] > 0, %(;) =E [ OTB eirt(stf’((st)dﬂ(;o _ 5] -0

e Coupon and tax: gé =E[f,7 e (=1 —7))dt|6 = 6] <0, 8f(5) =E[f,7 e " Cdt|dy = 6] >0

e Volatilities and correlation: %fT@) =E[[y" e (—rd}) (posBf 8] + (B])?0a) dtldo = 6] < 0if p>0
and ambiguous otherwise, Bg(f) =E [fTB —rt (0562f —r ((BF)?os + poaBlB )) dt|6o = 5}, and

g

%(j) =E [ oTB et (_’YTUzSUAﬂt t ) dt|dy = 5] <0

e Effort costs: %foacD =E[[,7 e (1) (30?6 + vro7 (B o3 + posoaBi)ar) dt|dg = 6] < 0if p > 0 and
ambiguous otherwise, age(‘j) =E[[;7 e (1) (5€0: +vrof(posoaBy + Bl 0% )er) dt|do = 6] < 0 if

p > 0 and ambiguous otherwise, and

9f(9)
e

B
=E {/ €_Tt(—1) (at€t5t + ’W"(Stz (ﬁtpgget + /’JéffA(ﬁtTet + ngat) + 5?J?4at)> dt[6p =46| <0
0
if p > 0 and ambiguous otherwise.

Lemma 2. Let 6p; be the optimal default boundary under parameter 0;. If 03 > 6, implies fy,(0) > fo,(0)
for all §, then éps < 6p1.

Proof. Suppose not, dgo > dp1. First, fo,(dp2) = 0> fy,(dp1) by the optimality of and value-matching at
dpa. Second, fo,(dp1) > fo,(61) by the hypothesis. Therefore, fy, (651) < 0 and the choice of dp; violates
limited liability for the market value of equity f(4) > 0

A.6 Appendix for Section 5: Calibration

We calibrate the parameter values 6,. and 6. such that the direct compensation for the manager’s effort of
an unlevered firm for size 6 = 80 are such that 40% of the compensation comes from long-term effort a, 40%
comes from short-term effort 2/5, and the remaining 20% comes from the cross-term between the two effort
choices. To be precise this means that

2 2
eaau2(§)5 _ 0eeu2(5)5 — 20,e0(8)ay(8)6

for § = 80, which is right in the middle of the various values of §y that we use in our numerical examples.
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