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1 Introduction

Modigliani and Miller (1958) argue that financing and investment decisions are completely
separable in a perfectly competitive market. Since their seminal work, the corporate
finance literature has studied the interaction between investment and financing decisions
with various market frictions. In most modern corporations, for example, shareholders
delegate the investment decision to managers, thereby taking advantage of their special
skills and expertise. In this situation, asymmetric information is likely. Asymmetric
information is the situation where managers privately observe a portion of the underlying
state variable not observed by shareholders. Managers with private information thus
have an incentive to provide false reports and then divert to themselves free cash flow.
Consequently, asymmetric information leads to manager-shareholder conflicts.

The real options model has become a standard framework for investment timing de-
cisions in corporate finance. Dixit and Pindyck (1994) provide an excellent overview of
the standard real options approach. In the standard real options model, however, there
are two major limitations. First, the standard approach is within an all-equity financ-
ing framework. Second, there is no manager-shareholder conflict because the firm, by
assumption, is owner-managed.

Several studies have already begun the task of separately incorporating either debt
financing or manager-shareholder conflicts due to asymmetric information in the real op-
tions model. Dynamic models that allow for the interaction between investment and
financing decisions include Brenan and Schwartz (1984), Mauer and Triantis (1994),
and Sundaresan and Wang (2006, 2007). Alternatively, dynamic models under manager-
shareholder conflicts resulting from asymmetric information include Bjerksund and Stens-
land (2000), Grenadier and Wang (2005), and Nishihara and Shibata (2008).? Under
asymmetric information, shareholders must design a contract to provide incentives for
managers to truthfully reveal private information.®> The implied investment timing then

differs significantly from that in the standard full information real options model. Al-

IStarting with the seminal work of Myers and Majluf (1984), manager-shareholder conflicts resulting

from asymmetric information have been widely discussed in static models.
2While these papers focus on manager-shareholder conflicts, similar problems arise between share-

holder and bondholders. Mello and Parsons (1992), Leland (1998), Parrino and Weisbach (1999), Mauer
and Ott (2000), Morellec (2001), Childs, Mauer, and Ott (2005), and Mauer and Sarkar (2005) examine

shareholder-bondholder conflicts.
3In order to truthfully reveal private information, Bjerksund and Stensland (2000) and Grenadier and

Wang (2005) assume that the shareholder gives a bonus incentive to the manager, while Shibata (2008)
and Nishihara and Shibata (2008) assume that he/she gives a bonus incentive and/or imposes the penalty

for false reporting.



though these strategies turn out to be suboptimal, they reduce the shareholders’ losses
resulting from asymmetric information. Without any incentive mechanism that induces
the manager to reveal private information truthfully, shareholders suffer further distor-
tions.

To our best knowledge, there has been little examination of debt financing over in-
vestment policy under manager-shareholder conflicts arising from asymmetric informa-
tion. Recently, Morellec (2004) and Childs and Mauer (2008) examined the interaction
between investment and financing decisions under manager-shareholder conflicts arising
from managerial discretion, not asymmetric information.* Thus, we focus on the manager-
shareholder conflicts arising from asymmetric information. We then explore several im-
portant questions. First, how does debt financing influence the manager’s investment
decision? Second, how does the manager’s information advantage affect coupon pay-
ments, leverage and default decisions, and debt and equity values? Finally, how large are
the agency costs with all-equity financing and debt financing?

Our paper examines the interactions between investment and financing decisions under
manager-shareholder conflicts resulting from asymmetric information in a real options
framework. In particular, we extend the manager-shareholder conflict problem in the real
options model developed by Grenadier and Wang (2005), Shibata (2008), and Nishihara
and Shibata (2008) by incorporating debt financing.

Our paper provides several important results. First, manager-shareholder conflicts
over investment policy increase the investment and default triggers and coupon payments,
leading to an increase in debt value and a decrease in equity value. These results are the
same as those in the seminal work by Myers and Majluf (1984), and fit well with the
findings of empirical studies (see Korajczyk, Lucas, and McDonald, 1991; Jung, Kim, and
Stulz, 1996). Second, given the presence of manager-shareholder conflicts, debt financing
leads to an increase in investment (i.e., a decrease in the investment trigger) and a decrease
in total social welfare (i.e., an increase in the agency cost).” Thus, there is a trade-off in
the efficiency of investment and total social welfare with debt financing. In addition, in
our numerical simulations, the agency cost, defined as the total social loss resulting from
asymmetric information, is decreasing with the volatility of market uncertainty. These
results are also consistent with the findings in Myers and Majluf (1984). Third, an increase

in the penalty for a manager’s false report does not necessarily decrease the agency cost,

“In Morellec (2004), manager-shareholder conflicts are introduced by considering that the manager
derives utility from both retaining control and investing in new projects. In Childs and Mauer (2008),

they result from managerial risk aversion.
>Under full information, debt financing leads to an increase in investment. See Sundaresan and Wang

(2006, 2007).



although it always increases the equity (shareholder’s) value.’ These results imply that a
shareholder’s (individual) rationality does not necessarily lead to total social rationality.
However, the no-agency solutions and values are approximated closely as the penalty is
increased without limit (although unlimited penalties are only of theoretical interest).
The results for unlimited penalties are the same as in the seminal static work by Baron
and Besanko (1984).

The remainder of the paper is organized as follows. Section 2 describes the setup of
the model and derives the solution in the no-agency (full information) problem. Section
3 formulates the optimization problem and provides the optimal contracts in the agency
problem. Section 4 discusses the model implications of the agency problem. Section 5

concludes.

2 Full information

In this section, we begin with a description of the setup. We then provide the solution to
the no-agency (full information) problem with all-equity and debt financing, respectively.
Finally, we compare the solutions given in the no-agency problems with all-equity and

debt financing.

2.1 Setup

Consider an owner (shareholder) with an option to invest in a single project. We assume
that the owner delegates the investment decision to a manager. Throughout our analysis,
all agents are assumed to be risk neutral and to maximize their expected payoff. At each
investment time, the firm may issue a mixture of debt and equity to finance the cost of
exercising the investment opportunity. Assume that debt has a tax advantage in that the
firm faces a constant tax rate 7 > 0 on income after servicing the interest payments on
debt.

The investment yields an instantaneous cash flow QX (¢), where @ > 0 is the constant

quantity and X (¢) is the price at time ¢ given by the following geometric Brownian motion:
dX(t) = puX(t)dt + o X (t)dz(t), X(0) =z, (1)

where z(t) denotes the standard Brownian motion defined on a probability space (Q2, F, Q)

and p and o are constant parameters. For convergence, we assume that » > p where r is a

Tn our model, private information is fully revealed at investment, in that the shareholder impose the

penalty on the manager when the false report by manager is detected.



constant interest rate. The cash flow QX (¢) can be regarded as the firm’s earnings before
interest and taxes if the firm were in operation. Let II(z) denote the after-tax (all-equity
financed) values of assets in place generated from exercising the investment opportunity.
Under all-equity financing, the asset in place from exercising the investment opportunity
is

1=

fI(z) = -—,Qx (2)

When investment is undertaken, a one-time cost expenditure [ is paid. The investment
cost, I, could take one of two possible values: Iy or I, with I, > I; > 0. We denote
Al = I, — I;. We assume that I; represents a “lower cost” expenditure and I, represents
a “higher cost” expenditure. The probabilities of drawing I; and I, are equal to ¢ and

1 — q, respectively, i.e., P(I;) = g and P(I,) = 1 — ¢ where g € (0, 1).

2.2 No-agency problem with all-equity financing

Let Eyk(z) denote the equity value of the unlevered firm for I = I}, (k € {1,2}). Here,

the subscript “U” stands for the unlevered firm. The value Eyy(z) is formulated as

Eu(z) = sup]E[ /+°° e (1 — 7)QX (1)dt — e*”TliJka‘X(O) - x] ke{1,2)  (3)

) i
TUk TUk:

wsn
7

where T, > 0. Here, the superscript stands for the investment strategy, the operator
E[-|X(0) = z] denotes the expectation operator given that X (0) = x, and T}, is the
stopping time that the investment is exercised at trigger 2%, , i.e., T, = inf{t > 0; X (¢) >
z¥, }. Throughout the paper, it is assumed that the current state variable X (0) = = is
sufficiently low so that the investment is not undertaken immediately. Mathematically, we
assume that 7Y, > 0 and z <z, for all k. Using standard arguments, we can formulate

the no-agency problem with all-equity financing as follows:

2
Tz \B )
max O P(5) (<) (Hehy) — L), (4)
VR P LUk

where [ is positive constant and strictly larger than 1, i.e.,

1
525_%+\/(%——)2+§>1. (5)

The mechanism under the no-agency problem with all-equity financing is defined by M7, =

(z%,) and is obtained by

) 1
xlgk = %m[ka ke {172}7 (6)



where the superscript “x” stands for the solution under the no-agency problem. The

equity value at time 0 is obtained by

2

B (@) = S B () () - 1), )

k=1 LUk

The value given in (7) is used as a benchmark.”

2.3 No-agency problem with debt financing

In this subsection, we consider the investment strategy in the no-agency problem with
debt financing. This is identical to the simple models in the Sundaresan and Wang (2006,
2007).

We assume that the firm issues debt with infinite maturity. This assumption, which
is the same as that in Leland (1994), simplifies the analysis substantially and does not
alter the key economic insights. Under debt financing, the firm must take into account
the optimal capital structure at investment as well as the optimal default timing after
investment.

Let T¢, and T denote the investment and default timings of the levered firm for
I = I, respectively. Here, the subscript “L” stands for the levered firm issuing debt, and

ws
7

the superscripts and “d” stand for the investment and default strategies, respectively.
Mathematically, these two timings are defined as T}, = inf{t > 0; X(¢t) > z¢,} and
T¢ = inf{t > T{,; X(t) < 2¢} where 2!, and z¢ denote the investment and default
triggers, respectively.

We begin with deriving the optimal default timing backwards. The levered firm decides

on the default timing to maximize equity value after investment, Fyx(xt,), defined as

T : . .
ELk(xik:) = SupE[/ e_r(t_Tﬁk)(]' o T) (QX(t) - Ck)dt‘X(Tﬁk) = xik) ) ke {17 2}7 (8)

Ty Tix

where ¢, denotes the coupon payment for I = I. As in Leland (1994), Epi(xt,) is

obtained as

Buletd = et 06 () - a0 (- ())), ke ©

where the optimal default trigger after investment is given by

r — C

"The model in this subsection is the standard real options model developed by McDonald and Siegel
(1986).




and v is the negative constant, i.e.,

1 " \/,u 1., 2r
—— — =1/ (= —= — < 0. 11
5~ 5\ )+ (11)

’y:

Note that z{ is given as a linear function of ¢;. In contrast, the debt value of the levered

firm after investment, Dy (2% ,), is given as

- Tl‘l:i 'L 'L - -
Duslaly) = B[ [ et ot + (1 a)e M RONEH X (2) = o] (12
Ty,
Ck b\ It 0l
= 21— () ) +a-onEh(2E) . ke, (13)
k k

where o € (0,1) is the bankruptcy cost. The sum of the equity and debt values is equal

to the firm value, Vi, (2t,) = Epp(2t,) + Du(zt,), as follows:

Via(rl,) = H(xiLk)—l—%(l—(?gk)v)—aﬂ(xﬁ)(xj%k)v, Fefl,2).  (14)

Here, the first term on the right-hand side in (14) represents the value of the unlevered
firm, the second term is the tax shield, and the third term is the bankruptcy cost.

We then consider the coupon payment level decided optimally at the time of investment
when debt is issued to maximize the capital structure of the firm. The coupon payment

cx, is chosen to maximize firm value Vi (2% ,), i.e.,

i r y—11_ .
cp(2yy) = ETEQ%/C, ke {1,2}, (15)
where
h=(1-~(1 —(wr%))*l/7 > 1. (16)

Note that ¢, is a linear function of 2%, , and that = is a linear function of z¢, , substituting
(15) into (10). These results are the same as in representative capital structure models
such as Leland (1994) where financing is made at the current time ¢ = 0. That is, the
coupon payment in (15) has been evaluated at time 0. On the other hand, we allow
financing to be made at the endogenously decided time of investment 7},. We can then
consider the optimal capital structure by endogenously deciding on the optimal investment
strategy.

Finally, we consider the investment timing. Under debt financing, the equity value at

time 77, when the debt is issued, becomes

Ev(aly) — Iy — Dug(aty)) = Vik(zl,) — I, k€ {1,2}.



It is straightforward that the fund from the bondholder, K} > 0 for I = I, is equal
to the debt value at the time when the debt is issued, i.e., Ky = Dyg(zt,). Thus, the

shareholder’s maximization problem is formulated as

max ZIP’ (1) ( ) (Vir(al,) — I} (17)

TL %Yo k=1

Then, we have

w _ B Y

Trp = ﬁmlk =ty ke {1,2}, (18)

where

1 7

El_TrlgL (19)

v = (1+

Clearly we have z¥* < x%,. In addition, ¢ and x{* are obtained by substituting (18) into
(15) and (10), i.e., ¢ = cx(2¥) and xd* = xd(c}).

As a result, the mechanism, M} = (2%, 2% c}), turns out to be

) y a:.i*
(hioat' ) = (Voo %, CL), ke {2},
where

-1 B r T
¢ = v B—ll—T(h+ )

Note that all the solutions, z%, z% and ¢}, are linear functions of I (k € {1,2}).

(20)

Naturally, the investment trigger is greater than the default trigger, i.e., 2% > z¢* due to
h > 1.

At time T}% := inf{t > 0; X (¢) > 2¥% }, the equity, debt, and firm values are obtained
by

Fielaly) = Tats) ~ Mf)n — (1)1 - 0%, (1)
Duely) = R —H) 4 (1 - e (22)

and
Vik(ary) = Bur(aty) + Dug(ary) = o7 T(agy,), (23)

respectively, where k& € {1,2}. The leverage and credit spread at the investment time,
Li(z%,) and csg(xt,), are given by

Dig(zly) ~—1 ¢ 1

L =
k(ka) VLk( ) Y 1—71h

(1 =¢), (24)



and

%\ C* . o 5
esk(xry,) DLk(];fk) r=ry v (25)
where
52(1—(1—a)(1—7)7f1)m, (26)

respectively. Here, we have 0 < £ < 1 where we have used the fact that h > 1, v < 0,
0<a<l,and 0 <7 <1.

The equity value at time 0, F;(x), is obtained as

Fi(r) = iﬂﬂ’(m( ") il - 1)

i
Tk

— VB (@), (27)

Here we have Ef(z) > Ef(x) due to ¢ <1 and 5 > 1, Moreover, since the debt value at
time 0, Dj (), is equal to zero,® the firm value at time 0, V{*(x), is equal to the equity
value, i.e., Vi*(z) = Ef(z).

3 Asymmetric information

In this section, we begin with a description of the contract under asymmetric information.
We then provide the solution to the agency (asymmetric information) problem with all-
equity and debt financing, respectively. Finally, we show that the no-agency solutions and
values are approximated closely as the penalty for a manager’s false report is increased

without limit (although unlimited penalties are only of theoretical interest).

3.1 Contracts under agency problems

In this section, we examine the investment strategy under manager-shareholder conflicts
due to asymmetric information.

We assume that the price, X (¢), is observed by both the shareholder and the manager.
However, the one-time investment cost, I, is privately observed only by the manager.

Immediately after making a contract with the shareholder at time 0, the manager observes

8Let K}, denote the amount financed from the bondholder. The debt value before investment is

2

Di(z) = ZP(A)(%)B(DL,@@;}) — Ky) =0, (28)
k=1

where we have used the fact that Dpg(zi%) = K.



whether the cost is of I; (lower cost) or I5 (higher cost). However, the shareholder cannot
observe the realized value of I. Therefore, the shareholder must induce the manager
to reveal private information truthfully at the time when the manager undertakes the
investment; otherwise, the shareholder suffers further losses.”

We assume that the shareholder uses two methods to ensure the manager truthfully
reveals the private information he/she holds. One is a bonus incentive and the other

is audit technology.!?

The shareholder designs a contract at time zero that gives the
bonus incentive and audits the manager at the time of investment.!! Thus, the contract
is specified for any trigger that the investment will be undertaken.

The audit technology allows the owner at a cost to verify the state announced by
the manager, and to impose the penalty P > 0 on the manager for cheating when a
false report is detected. Here, P > 0 is positive constant and given exogenously. We
assume that the manager is detected with probability p;(I}), which may be contingent
on a reported I if the owner incurs a cost g(p;(I1,)) with ¢(0) = 0, ¢ > 0, ¢" > 0, and
lim,, (7, ym1 9(p;(I)) = +o0.

Since there are only two possible values of the cost I, there can be at most two pairs
consisting of three components (investment trigger, bonus, and probability of an audit) in

the agency problem with all-equity financing. That is, the contract in the agency problem

with all-equity financing is modeled as a mechanism,

M = (2% (1), wo (L), pu (L)), k€ {1,2},

which may be contingent on a reported value I. Here, zi(I}) is the investment trig-
ger, wy(I;) is the bonus to the manager, py(I}) is the probability of an audit, and the
superscript “xx” stands for the optimum in the agency problem. Because the revelation
principle ensures that the manager reveals a true I as private information, we make no
distinction between a reported I, and a true I;.'2 Thus, we can drop the suffix tilde on
the reported I and simply write the contract as (254, WUk, DUK)-

Similarly, on the other hand, the contract in the agency problem with debt financing,
M) is defined as

ME* = (xikakaakaaxgack)a k S {172}

9Note that the manager could attempt to report I> when the realized value is I;, while he/she would

not attempt to report Iy when I = I,. In equilibrium, the manager will report the true value to the
shareholder.

0Giving a bonus incentive to the manager can be viewed as a carrot, while auditing and fining the
manager for false reporting can be considered as a stick.

Renegotiation between the shareholder and the manager is not allowed. While commitment may

cause ex post inefficiency in investment timing, it increases the ex ante owner’s option value.
12Gee Mas-Colell, Whinston, and Green (1995) for the revelation principle.



Note that M;* consists of five components (investment trigger, bonus, probability of an

audit, default trigger, and coupon payment).

3.2 Agency problem with all-equity financing

In this subsection, we provide the solution to the agency problem with all-equity financing.

The shareholder’s optimization problem is to maximize the equity value via M, i.e.,

2
N .
max S (5 ) ) — L — woe — g(pos)).
TY1,WU1,PUL LYo, WU2,PU2 1 Tyuk
subject to
x \B T \B
( - ) wyup > ( : ) (wuz + AT — piy2P), (29)
Tu1 o)
T \B T \B
( : ) wyz > (T> (wyr — A — pu P), (30)
T2 Ty1
z \P x \P
q( z ) Wy + (1 - q)(T) wyg > 0, (31)
Zyu1 i)
Wuk Z 07 ke {172}7 (32)

Constraints (29) and (30) are the ez post incentive compatibility constraints for the
manager under states I; and I, respectively. Consider, for example, constraint (29).
The manager’s payoff in state I; is (z/xi,)?wy; if he/she tells the truth, but it is
(z/2%,)P (wys + AT — pyoP) if he/she instead claims that it is state I,. Thus, he/she
tells the truth if (29) is satisfied. Constraint (30) follows similarly.

Constraints (31) and (32) are the exr ante participation constraint and the ez post
limited-liability constraints, respectively. The nonnegative bonus incentive wy, ensures
that the manager makes an agreement about employment. For example, if wyy < 0, then
the manager would refuse the contract on learning that I = I,.

Constraints (33) are obvious, where pyy is the probability of an audit. Here, py; < 1
in (33) is automatically satisfied. This statement is shown by lim, ,+1 g(pux) = +oo and
g'(pur) > 0.

In summary, there are seven inequality constraints (29) to (33) on the agency problem
with all-equity financing. Fortunately, we can simplify the problem in the following three
steps. First, (31) is automatically satisfied, because (32) implies (31). Second, the man-
ager in state Iy does not have the incentive to tell a lie as a manager in state I;. This is
because the manager in state I, suffers a loss in making such a false announcement. Thus,

(30) is automatically satisfied, p{j; = 0 and w{, = 0 are obtained in optimum. Finally,

10



(29) is binding, because the shareholder can increase his/her residual payoff by reducing
the bonus incentive wy; paid to the manager as much as possible. Thus, we only need to
take into consideration the three constraints.

Consequently, the shareholder’s optimization problem is simplified as

T \B .
~ max a( =) {M(at) = I = won}
T T 9>WUL,PU2 T
x \B )
+(1 - g) (=) {1l(aty) - b — gpua)}, (34)
Tu2
subject to
x \P x \P
( - ) wyr = ( - ) (Al — pyaP), wy1 >0, puyz>0. (35)
Tu1 Tu2

Then, the optimal contract My is obtained by

Lk *k *k i% "L.ZG(I g *k
(207, wi, pUL) = (xUla (m) (AT — pGyP), 0)
Ty2
(203, wia, PU2) = <ﬁﬁfma 0, PU2>,
where
ok ok q ook
I = (I + g(pi) + fq(AI — pi2P)), (36)
and
0, Ho<P<L 1%qg’(()),
=14 ¢ {(50P), if 14¢'(0) < P < max{AI “21g/(31)}, (37)
%, otherwise.

Note that wi; > 0 and pij, = 0if 0 < P < L.¢'(0), wii; > 0 and pyj, > 0 if
15.9'(0) < P < max{AI, 1%q"g’(%)}, w{y = 0 and p{f, > 0 otherwise. These regions are
respectively defined as bonus-only region, combination region, and audit-only region. The
solution for the bonus-only region is exactly the same as in Grenadier and Wang (2005).1?

There are four important properties in M{*. The first property of the solution is that
z¥ =z and xf, < 27, due to

v = ot e () + T (AT = piP)),

where g(p;) > 0 and (AT — pi, P) > 0. In particular, we obtain

x{JZ < xikj*m (38)

13Tn the Grenadier and Wang (2005) model, the shareholder induces the manager to truthfully reveal

private information by giving the manager only the bonus incentive.

11



for P < 4+o00. The reason is that at least one of w{j; > 0 (i.e., (AI—pi{5P) > 0) and pij5 > 0
(i.e., g(pfy) > 0) for P < 400 is strictly positive. It is less costly for the shareholder to
distort 2% away from z¥, than to distort %} away from z¥, in equilibrium.

The second property of the solution is that (A —p{5P) > w{f; > 0. Here, (Al —pi, P)
can be regarded as the information rent for the manager in state I;. The owner gives
the manager in state I; a portion of the information rent. Importantly, note that the
information rent is decreasing with P. This result corresponds to the remarkable result
for unlimited penalties (see Subsection 3.4).

The third property of the solution is that p{};, is increasing and concave with P in the
combination region, while p{}, is decreasing and convex with P in the audit-only region.
The first statement is straightforward because g(py2) is increasing and convex with pys.

The second statement is shown by pi = 2L in optimum.

P

The fourth property of the solution is that an increase in the penalty P changes the
contract M7/ from the bonus-only region to the audit-only region via the combination
region. This property is intuitive as follows. For example, as P becomes larger, audit
technology is more readily available. The shareholder then tends to take into consideration
the audit technology rather than the bonus incentive.

The equity and manager’s values at time 0, E{*(x) and M{*(x), are obtained by

By (x) = ‘-I(xm) {H(x’t}‘l)—h}ﬂL(l—q)(x%) Mey) -6} (39)
V@) = o) (AT -sisP), (10)

respectively. The sum of these two values at time 0, Ef(z) + M{*(x), is
T

B )+ My (@) = o) ) — B+ (- ) () ) — B o).

Tt 2
(41)
The value given in (41) represents the value of total social welfare. Here, we have
Ey(z) > By (z) + My’ (2). (42)

z**

where we have used the fact that afi; > afj, = argmax, (v/%,)°{II(vy,) — L2}, In

Tk

particular, the inequality (42) is strictly positive for P < +o0o. This is because z%% > z%%,

for P < +00. Thus we can define the agency cost ACy(x) by

ACy(e) = Bpla) - B (x) - My (2) (13)
= =0 (55) ) - 1y - () ) - - gi)] > o

In particular, as in the value of total social welfare, we have ACy(z) > 0 for P < +oo.

The manager-shareholder conflicts lead to a distortion in total social welfare.

12



3.3 Agency problem with debt financing

In this subsection, we provide the solution to the agency problem with debt financing. The
optimization problem is to maximize the equity value with debt financing, i.e., Fr,(x) —
(I, — Dpi(x)) = Vig(x) — I. Thus, it is defined to maximize the firm value via M}*, i.e.,

max Z]P’ Ii) (

Z1,1>WL1,PL1,2,9,WL2,PL2

) {VLk(ka) I — wrg — g(pre)}

subject to
T B x B
( ; ) wry > ( - ) (wpe + AT — proP), (44)
T1a TLo
x \? x \B
( ; ) WLy > (T) (wp1 — AI — pri P), (45)
TL2 T1a
T \? x \B
(I( ; ) wry + (1 —q) (T) wrz > 0, (46)
TL1 L2
wrg > 07 ke {172}7 (47)
pe >0, ke {l,2} (48)

These constraints are the same as those in the agency problem with all-equity financing.

Then, the mechanism M7* turns out to be

(ai7, wit, piy, o0, ) = <xL17 <xz—l;i) (Al —pi5P), 0, af, C1>
1.2
RX Kk Kk kk /8 w Kok kk xl** Kk
(xL27wL27pL27xg ,6y7) = <ﬁmfma 0, pro 22 ) 7CIL2)7 (49)
where I}} is defined by
Kk kk q kk
I = (L2 +g(prs) + 1——q(A] — piaP)), (50)
and pr% is obtained by
0, if0<P< 1%’qg’(()),
pis=1q ¢ (P, if $%5¢(0) < P < max{AI 1 1¢'(4)}, (51)
%, otherwise.

*

Here, c;* and 2¢** are obtained by ¢;* = ¢ (2%%) and x$** = z¢(c}*), respectively. Note
that w] = wi, and pi% = pif, for any P. Here, there are exactly the same four important

properties as the agency problem with all-equity financing.

Importantly, 2%, ¢*, and z&** are rewritten as
Ty = Zypt ﬁm( (pra) + fq(A[ - pL2P)>7 (52)
kk * koK q kk
Cp = Gt C(g(pLz) + fq(AI - pL2P)>7 (53)
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and

w9 = af +h ﬁm(g(pm) + fq(AI_pL2P)>7 (54)
respectively. These results imply
l‘f; > xLQ: ZUg** Z xg*a C;* Z C;: (55)

due to g(pi%) > 0 and (Al — p{5P) > 0. In particular, these inequalities given in
(55) are strictly positive for P < +o00.% Thus, manager-shareholder conflicts increase
the investment trigger, coupon payment, and default trigger. That is, the manager-
shareholder conflicts lead to a distortion in the investment and default timing and coupon
payment decisions.

We begin with a comparison of the ex post values. The equity, debt, and firm values
at time 775" := inf{t > 0; X (t) > 2¥5}, Era(2¥y), Dia(2ty), and Vig(zly), are obtained
by

**

Fua(af) = T(afy) = Mag)h? — (1= 7)1 = 0=, (56)
Dialafs) = (- )+ (1 - a)ad, (57)

and
Via(ats) = Eia(afy) + Dia(ats) = v (at). (59)

respectively.!” From (55), we have

EL2(5UL2) < EL2(5UL2) DL?(‘TL2) > DLZ(xw) VL?('TL2) > VL2(5UL2)

In particular, Epo(2t%) < FEra(z¥,) and Dis(2¥y) > Dio(ady) for P < 4o0o. That is,
manager-shareholder conflicts decrease the equity value at time 77", while they increase
the debt and firm values. These results are the same as those in the seminal work of Myers
and Majluf (1984),'% and fit well with the findings of empirical studies (see Korajczyk,
Lucas, and McDonald, 1991; Jung, Kim, and Stulz, 1996).
In addition, the leverage and credit spread at time T{%* are given by

; Dro(xty -1 1
Lo(als) = VLL((xLL)) -1 sa-e, (59)

14As for the agency problem with all-equity financing, at least one of g(pi3) > 0 and (AI — p;5P) >0

is strictly positive for P < +oo.
15Since 2" = z{%, Era(z¥), Dri(2¥), and Vi, (z}), are given in (21),(22) and (23).
L6Myers and Majluf (1984) argue that firms whose managers have superior information should go to

the bond market for external capital.
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and

(a1) = 5L : (60)
csy(xly) = ———— —r=r——o0. 60
20 Dis(af) 1-¢
That is, La(z¥5) = Lo(alh) and csy(z¥y) = csa(aly). Consequently, the leverage and
credit spread are exactly the same between the no-agency and agency problems.

We then compare the ez ante values before the investment is undertaken. The equity

and manager’s values at time 0, Ff*(z) and M{*(z), are

B = o(o) Ot — 1)+ 00— 0(55) iatals) - 1)
— B (), (61)

and

i) = o) (AL pisP),

L2

= vIM (a), (62)

respectively. The value of total social welfare is

*ok *ok T g i% x g Tkk ok
By @)+ Mif(@) = q(=) D) - B+ (00— ) (5=) {Ve(ls) — - g(pi3)
T1a TL2
= ¢ (B (2) + M (x)). (63)
Most importantly, we obtain
Er(z) > ET"(x) + M{"(2), (64)

where we have used the fact that #{5 > af, = argmax,; (z/7,)"{Via(2i,) — L}. In
particular, the inequality (64) is strictly positive for P < +o00. The reason is that zl% >

2%, for P < +oo. Thus we can define the agency cost, ACL(z), by

ACu(z) = Ei(z) - B (z) — Mi7(x)
= ¢ PACy(z) > 0. (65)

In particular, this inequality is strictly positive for P < +o00. Even with debt financing,
the manager-shareholder conflicts lead to a distortion in total social welfare.

Finally, the results given in (61), (62), and (65) mean that Ef*(x) > E(x), M{*(x) >
ME(z), and ACL(x) > ACy(x). In Subsection 4.2, we will examine these further charac-

teristics.
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3.4 Unlimited penalties

We have already seen that the manager-shareholder conflict problems always lead to
a distortion in total social welfare, i.e., AC;(z) > 0 for P < 400 (j € {U,L}). This is
because penalties are, in practice, limited. Although unlimited penalties are of theoretical
interest, we examine the effect of unlimited penalties on the optimal solutions and values
in the agency problems with all-equity and debt financing. Thus, we can see that there
is a relationship between the no-agency and agency problems.

As P 1 400, we have

P 0, aly baly, T Lal G LG, i bl (66)
and
B (x) 1 Ej(x), M;*(x) 10, AC;(r)— 0, (67)

for all j (j € {U,L}). Here, :U;’;*, 3 and ¢}* are monotonically decreasing with P.17 It
is interesting that AC;(r) is not monotonically decreasing with P although E}*(z) and
M;*(x) are monotonically increasing and decreasing with P, respectively.'®

Consequently, as the penalty for detecting a manager’s false report goes to infinity, the
solutions and values in the agency problems converge to those in the no-agency problems.*’
These are the same results as in the static work of Baron and Besanko (1984, Proposition
4).

4 Model implications

In this section, we analyze several of the more important implications of the model.
We begin with an investigation of the impact of manager-shareholder conflicts on the
investment and default triggers, coupon payments, and equity and debt values. We then
consider the costs and benefits of debt financing in the agency problems. In addition,
we consider asset substitution between the shareholder and the manager. Finally, we
investigate the stock price reaction to investment.
In the numerical examples, we define the cost function for an audit by
Djk

1 —pj’

g(pjk) =n ke {1v2}7j € {UvL}a (68)

17See Figures 1 and 2 in the following section.
18Gee Figures 4, 5, and 6 in the following section.
19As a result, our solutions in the agency problem with all-equity financing include those in the two

related papers, McDonald and Siegel (1986) and Grenadier and Wang (2005). On the other hand, the
solutions in the agency problem with debt financing include those in the simple version of the Sundaresan
and Wang (2006, 2007) models.
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where n > 0 is a positive constant.?’. The parameters are given by ¢ = 0.5, u = 0.03,
r=0.07,Q=1,0=0.2,1, =50, 1, =80,n=20,7=0.4, « = 0.4, and z = 1.

4.1 Effects of manager-shareholder conflicts

We begin with a description of the solution in the agency problems with all-equity and
debt financing. We then consider the ez ante values in the agency problems.

Figures 1 and 2 demonstrate the investment triggers (zi,, z%,) and the default triggers
and the coupon payments (c, 24") with the penalty P, respectively (I € {*,*x}). In the
agency problems with all-equity and debt financing, the bonus-only region is 0 < P < 20,
the combination region is 20 < P < 66.67, and the audit-only region is P > 66.67. For

Tk ik d** Tk

P < 400, we have a8y > a0 2t > o¥, 29 > 2 and ¢&* > ¢;. In particular, zi%;,

o, 29 and c¢4* are monotonically decreasing with P, and converge to zi%,, xt%, zd*

e i%

and cj, respectively, as P goes to infinity. That is, as P 1 +ooll we obtain z{; | x{),,

Tk

2l 1oy, 28 | adt, and &5 | ¢,
[Insert Figures 1 and 2 about here]

Figure 3 depicts the bonus incentive and the probability for an audit (wiy, pis) (j €
{U,L}). Note that wi} = wf] and pi, = prh. On the one hand, wj; is monotonically
decreasing with P. On the other hand, p}; is constant at zero in the bonus-only region,
increasing and concave with P in the combination region, and decreasing and convex with

P in the audit-only region.
[Insert Figure 3 about here]

Figure 4 depicts the manager’s values (M{*(x), M{*(x)) with the penalty P. We can
see M{*(x) > M{*(x). Moreover, M{*(z) and M[*(x) are monotonically decreasing with

P, and converge to zero.
[Insert Figure 4 about here]

Figure 5 depicts the equity values (E\(x), Bl (x)) with P (j € {*,**}). Recall that
E§(x) > EF(x) and Ef(x) > Ef*(x) for P < 400. The agency problem decreases the
equity value. However, E{*(z) and E}*(x) are monotonically increasing with P, and
converge to Efj(x) and Ef (x) as P goes to infinity. That is, we have Ef*(z) 1 Ef(r) and
Ef*(z) 1 Ef () as P 1 +oo.

0This function satisfies ¢(0) =0, ¢’ > 0, ¢’ > 0, and lim,, , 11 ¢(pjr) = +00.
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[Insert Figure 5 about here]

Figure 6 demonstrates the agency costs, ACy(z) and ACy(x), with PO We can see
AC,(z) > 0 for P < 400, and AC;(z) — 0as P 1 400 (j € {U,L}). Interestingly, AC;(x)
is not monotonically decreasing with P. Two conflicting effects cause this phenomenon:
the first is that an increase in P decreases the manager’s value, the second is that an

increase in P increases the equity value.

[Insert Figure 6 about here]

4.2 Costs and benefits of debt financing

We begin by investigating the benefits of debt financing under manager-shareholder con-
flict.
First, we compare the investment triggers and values with all-equity and debt financ-

ing. Because we can rewrite z{% as x{%y = 1Yx{};, we obtain
1y < 2. (69)
Recall also that Ef*(z) = ¢ P E{*(x). From this, we have
Ei’ (z) > Ef (x). (70)

where we have used the fact that 1) < 1 and 8 > 1. These results imply that debt financing
enables the shareholder to increase investment (i.e., decrease the investment trigger) and
equity value under manager-shareholder conflicts. This finding can be regarded as a

benefit of debt financing.
[Insert Figure 7 about here]

Figure 7 demonstrates the firm value in I = I in the agency problem. We can see
o = 14.00 < 18.66 = i, Via(aly) = 170.97 = I(2%3), and (x/a85)P{Vig(2ly) —
I3} > (x/283)P {1 (2%3) — I} }. In addition, we can see that Vi,(z) is concave in z, while
II(x) is linear in x. These results imply that Ej*(z) > Ef(x) where x < ;.

We then consider the costs of debt financing under manager-stockholder conflict. Re-
call that ACy,(z) = ¢ PACy(z) from (65). Given that ¢ <1 and 3 > 1, we have

That is, debt financing increases the agency cost. This result corresponds to the costs of
debt financing. Importantly, we have ACp(z) > ACy(x) although M;*(z) > M{*(z) and
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Ef*(x) > Ef(x). These results imply that the distortion in total social welfare increases
with debt financing although both the shareholder and the manager prefer debt financing
to all-equity financing. That is, individual rationality does not necessarily lead to total
social rationality.

Therefore, there are benefits and costs of debt financing under manager-shareholder
conflict. In other words, there is a trade-off in the efficiency of the investment trigger and
total social welfare when issuing debt for investment under manager-shareholder conflict.

Moreover, we consider the effect on agency costs of market volatility o. Figure 8
demonstrates the agency costs with o. Here, an increase in ¢ has an ambiguous effect
on the agency cost, AC;(x). It is interesting that the agency cost with debt financing
is decreasing with o, while the agency cost with all-equity financing is unimodal with
0.2! The numerical finding that the agency cost is decreasing with market volatility is

consistent with the finding obtained in Myers and Majluf (1984).%

[Insert Figure 8 about here]

4.3 Asset substitution

The notion that manager-shareholder conflicts affect wealth transfer is now widely ac-
cepted. We already know that the shareholder must give the manager in I = I; the
portion of his/her information rent for P in the bonus-only and combination regions (i.e.,
0 < P < max{AlI, %g’(%)}). In such a case, asset substitution arises. Interestingly,
however, an increase in market volatility ¢ may reduce the magnitude of this problem.

We consider the effect on the shareholder’s and manager’s values with . An increase in
o increases the shareholder’s value, E7*, while it has an ambiguous effect on the manager’s
value, M;* (j € {U,L}). If the inequalities,

T 1
o8 (20| < |55 (71)
T OB ey 1 %05 OV 0ROy 1 0B
‘log(xi";)30+( ) S anaras ~ 15— Ta0l (72)

are satisfied,?® then an increase in o decreases My* and M;*. Under these conditions (71)
and (72), there is a wealth transfer from the manager to the shareholder with increasing

market volatility o.

21The fact that the agency cost is unimodal with ¢ is the same finding as in Shibata (2008).
22They indicate that the loss decreases when the market’s uncertainty about the value of assets in place

is reduced.
**These inequalities are obtained by differentiating M* with o.
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Figure 9 depicts asset substitution in the agency problems. Suppose that P = 30
(i.e., the solution and value are obtained in the combination region). We can see that
wealth transfers emerge if o is more than 0.34 and 0.41 in the agency problems with debt

financing and with all-equity financing, respectively.

[Insert Figure 9 about here]

4.4 Stock price reaction

We now consider the stock price reaction to the manager’s investment decision. The stock
prices in the agency problem with all-equity and debt-financing are the shareholder’s
option values, (39) and (63), respectively.

Prior to the point at which X, reaches the trigger x;"l (7 € {U,L}), the market does
not know the true value of I. The market believes that I = I, with probability ¢ and
I = I, with probability 1 — q.

j
ager’s investment decision signals I = I; to the market. If the manager undertakes the

Once X; hits the trigger x’j, the private information is fully revealed. The man-

ik

investment at z7}, then the stock price instantly jumps up to

Eju(a®) = V() - I —ulf, j € {U,L}.

jl jl»

Otherwise, the market then recognizes I = I,. The stock price instantly jumps down to

i%

) T\ B . ]
Eplai) = (“2) (Vialali) = I = cw2), j € {U,L}.

72

Figure 10 demonstrates the stock price reaction to investment. Suppose P = 30.
Then the stock price with debt financing is 63.08 just prior to 2 = 6.42. If the manager
undertakes the investment at z%, the stock price jumps up to 71.59. Otherwise, the stock

price jumps down to 54.56.%*

[Insert Figure 10 about here]

5 Concluding remarks

This paper extends the agency problem arising from manager-shareholder conflicts in a

real options model by incorporating debt financing. Manager-shareholder conflicts over

24Suppose the agency problem is with all-equity financing. Then, the stock price is 87.70 just prior
to zi* = 8.56. If the manager undertakes the investment at zi%, the stock price jumps up to 102.20.

Otherwise, the stock price jumps down to 73.19
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investment policy increase the investment and default triggers and coupon payments that
lead to an increase in debt value and a decrease in equity value. Compared with an
all-equity financing framework, with debt financing investment timing is earlier while the
agency cost is larger. Thus, there is a trade-off in the efficiency of investment and total
social welfare. Our results fit well with the findings of previous work.

Some extensions of the model would prove interesting. For example, since liquidation is
costly for all agents in our model, it would be interesting to include strategic debt service.
After investment is undertaken with debt financing, the shareholder (or manager) would
renegotiate with the bondholder to renege on the contractual coupon payments when the
firm is close to or in financial distress. There would then be another agency conflict with
bondholders. Thus, it would be interesting to consider the implied investment triggers

under two different agency conflicts.
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