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ABSTRACT

This study develops the real options model to explore how asymmetric information at the time of liqui-
dation ex-post affects a firm’s financing (capital structure) and investment decisions ex-ante. Accordingly,
it is found that asymmetric information at the time of liquidation delays investment and reduces the
amount of debt issuance. When the degree of asymmetric information is high, the firm cannot take a
mixed financing consisting of risky debt and equity. The firm with collateral takes a mixed financing
consisting of risk-free debt and equity, whose debt issuance amount equals the collateral value, whereas
the firm without collateral takes all-equity financing. This result contrasts with that under symmetric in-
formation, where the firm always issues a mix of risky debt and equity. Moreover, when the degree of
asymmetric information is substantial, an increase in cash inflow volatility decreases debt issuance. This
result also contrasts with that under symmetric information, where an increase in volatility increases

Irreversibility debt issuance.
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Financial friction
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1. Introduction

The term “irreversibility” is among the most important key-
words in the real options approach to investment. Suppose a firm
installs capital goods (production facilities, like a plant or similar
building). If the firm cannot resell the installed capital goods at
any price when operations cease, the investment is completely ir-
reversible; if the firm can resell it at a discounted price, the invest-
ment is partially irreversible. Arrow (1968) argues that all invest-
ments are at least partially irreversible because “... from a realistic
point of view, there will be many situations in which the sale of
capital goods cannot be accomplished at the same price as their
purchases.” Shleifer and Vishny (1992), Dixit and Pindyck (1994),
and Abel et al. (1996) posit that “facility specificity” and “asym-
metric information (lemon effect)” cause the partial irreversibility
of investment.! Chirinko and Schaller (2009) estimate the “irre-
versible premium” as a cost of asset illiquidity that is economically
and statistically significant. Based on such findings and discussions,

* Corresponding author.
E-mail address: tshibata@tmu.ac.jp (T. Shibata).
1 Facility specificity incurs more costs by changing an industry-specific facility to
a general one. In addition, asymmetric information discounts the repricing of the
installed capital goods.
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the investment is regarded to be partially irreversible because of
facility specificity and asymmetric information.

In the past three decades, some studies of real options
have examined the effects of partial irreversibility of invest-
ment that stem from facility specificity. Such studies include
Abel and Eberly (1994), Abel and Eberly (1996), Abel et al. (1996),
Hartman and Hendrickson (2002), and Shibata and Nishi-
hara (2018). Further, others examine the effects of asymmetric in-
formation. They include Grenadier and Wang (2005), Shibata and
Nishihara (2010), Grenadier and Malenko (2011), Morellec and
Schurhoff (2011), and Koskinen and Maeland (2016). These stud-
ies assume that the source of asymmetric information is the firm’s
cash flow or investment cost. That is, the effects of partial irre-
versibility of investment arising from (or with) asymmetric infor-
mation have not been examined. Thus, the literature analyzes the
partial irreversibility of investment and asymmetric information in
isolation in the real options model.

In this study, we explore how the partial irreversibility of in-
vestment arising from (or with) asymmetric information affects
corporate financing and investment decisions. Accordingly, we de-
velop the following hypotheses. The first hypothesis is that the
shareholders delegate the corporate operation to the managers,
taking advantage of managers’ expertise, as in most modern cor-
porations. The second hypothesis is that the investment is partially
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irreversible. That is, it is divided into reversible and irreversible in-
vestments. The amount of reversible investment becomes a pos-
itive residual value at liquidation (ceasing operations). The third
hypothesis is that the (realized) residual value at liquidation is pri-
vately observed by managers, not shareholders (and creditors if the
firm issues debt).” That is, managers have an informational ad-
vantage over shareholders, thus inducing a manager-shareholder
conflict. Hence, uninformed shareholders should induce informed
managers to reveal the realized residual value (i.e., a screening
game). Otherwise, shareholders will suffer some losses.> Thus,
shareholders make an optimal contract with managers to reveal
managers’ private information. Such a contract, though unable to
remove distortion completely, enables shareholders to minimize
asymmetric information distortion. Notably, renegotiation is not al-
lowed after making a contract. While commitment induces inef-
ficiency ex-post, it increases the option values of the project ex-
ante. This notion is identical to that in the screening game of
Grenadier and Wang (2005), Shibata and Nishihara (2010), and
Koskinen and Maeland (2016). Therefore, this study employs the
screening game equilibrium to examine how asymmetric informa-
tion at the time of liquidation affects corporate financing and in-
vestment decisions.

This study differs from the noted studies in the existing liter-
ature in three ways: First, Grenadier and Wang (2005), Grenadier
and Malenko (2011), and Koskinen and Maeland (2016) assume an
all-equity-financed firm. They show that asymmetric information
distorts the firm’s investment decision. However, they fail to con-
sider the effects of asymmetric information on the firm’s financ-
ing (capital structure) strategies. Therefore, an investigation of how
asymmetric information affects financing strategies is warranted.

Second, Shibata and Nishihara (2010) assume that investment
is completely irreversible and the source of asymmetric informa-
tion is the investment cost, given that the firm can issue a mix
of equity and debt. They show that asymmetric information at the
time of investment (initiating operations) distorts the firm’s financ-
ing and investment decisions but does not affect the leverage and
credit spreads. The invariant effects of asymmetric information on
the leverage and credit spreads do not match the empirical re-
sults of Fama and French (2005). Thus, it is worthwhile to consider
whether asymmetric information at the time of liquidation affects
the leverage and credit spreads.

Third, Morellec and Schurhoff (2011) allow a firm to issue debt
or equity, limiting the firm to one type of financing instrument.’
They examine shareholder-creditor conflict over issuing debt or
the conflict between an (existing) shareholder and a new share-
holder over issuing equity, where the firm attempts to exercise
the growth option. In this situation, (existing) shareholders are in-
formed agents, whereas creditors or new shareholders are unin-
formed agents. The informed shareholders signal their private in-
formation to the uninformed creditors (or new shareholders) to
minimize a loss of asymmetric information (i.e., a signaling game).
This study clarifies the difference and similarity of the economic
mechanism between the signaling game of a shareholder-creditor
conflict and the screening game of a manager-investor conflict.

The analyses highlight two novel results. First, asymmetric in-
formation at the time of liquidation (ceasing operations) delays in-
vestment and reduces the optimal amount of debt issuance. The
delayed investment is identical to that in the screening games
of Grenadier and Wang (2005), Shibata and Nishihara (2010),
and Koskinen and Maeland (2016) but different from the signal-

2 In practice, it is reasonable in that managers and shareholders, at least, observe
the realized value with time delays.

3 Otherwise, the creditor cannot permit the firm to issue debt.

4 See Appendix C for details.

5 They note that a mix of debt and equity would be a significant extension.
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ing games of Grenadier and Malenko (2011) and Morellec and
Schurhoff (2011), where asymmetric information speeds up invest-
ment. Despite different results, the mechanism is identical across
the noted five studies, in that investment triggers between good
and bad types are enlarged under asymmetric information, as in
Section 4.1. The reduced debt issuance given asymmetric informa-
tion at liquidation is a novel result. It differs from those of the ex-
isting (real options) studies of Morellec and Schurhoff (2011) and
Shibata and Nishihara (2010). This outcome can be attributed to
the following reasons: Morellec and Schurhoff (2011) assume that
the amount of debt issuance is fixed, while Shibata and Nishi-
hara (2010) show that asymmetric information increases the opti-
mal amount of debt issuance because they assume that the source
of asymmetric information exists at the time of investment (initiat-
ing operations). Additionally, in this study, asymmetric information
reduces the credit spread and leverage, which contrasts the find-
ings of Shibata and Nishihara (2010). Thus, this study finds that
asymmetric information at the time of liquidation has a different
effect on debt issuance. The difference stems from whether the
distortion of asymmetric information affects the firm’s bankruptcy
strategies, as in Section 3.2. Moreover, asymmetric information at
the time of liquidation reduces the credit spread and leverage,
which contrasts with the invariant result of Shibata and Nishi-
hara (2010).

The second novel result regards the effects of cash inflow
volatility. When the degree of asymmetric information is small,
an increase in volatility increases the optimal amount of debt is-
suance, which is identical to the case under the symmetric infor-
mation of Leland (1994) and Sundaresan and Wang (2007). How-
ever, when the degree of asymmetric information is significant,
an increase in volatility decreases the optimal amount of debt is-
suance. Thus, asymmetric information may change the effect of
volatility on debt issuance. Following this novel finding, the credit
spread has an inverse U-shaped relationship with the volatility, as
the degree of asymmetric information is significant. The nonmono-
tonic relationship stems from risk-free debt issuance with increas-
ing volatility.®

The remainder of the paper is organized as follows.
Section 2 describes the study model and formulates the financing
and investment decision problem of a firm. Section 3 provides the
solution to the problem and analyzes its properties. Section 4 dis-
cusses the economic implications of the model under asymmetric
information. Section 5 concludes the paper. Three appendices
furnish the technical developments. Appendix A details the deriva-
tion of the value functions after the firm initiates operations.
Appendix B provides proof of the four lemmas and two proposi-
tions in the study. Appendix C demonstrates the properties of the
solution for related studies, differentiating this study.

2. Model

This section describes the model in three steps. First, we de-
scribe the model’'s setup. Second, we provide the value functions
after the firm initiates operations (investment), given the financing
and investment strategies. Finally, we formulate the financing and
investment decisions problem under asymmetric information.

2.1. Model setup

Consider a firm with an option to install a production facil-
ity and initiate operations (e.g., sell the commodity produced).

6 This study’s results differ from those of prior studies like Shibata and Nishi-
hara (2010), where the credit spread always increases with the volatility, even in a
sufficiently significant degree of asymmetric information.
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Throughout the analysis, we assume capital markets are friction-
less, with a constant risk-free interest rate r > 0, and all agents are
risk-neutral and aim to maximize their expected payoff.

When the firm initiates operations, it incurs a one-time fixed
cost, I > 0, to install the production facility. Thereafter, the firm re-
ceives an instantaneous cash inflow X(t), which follows the geo-
metric Brownian motion given by
dX(t) = uX(t)dt + o X (t)dz(t), X(0) >0, (1)
where © and o are constants, and z(t) denotes the Brownian mo-
tion defined by a risk-neutral probability space (2, F, Q).” For con-
vergence, we assume 1 > .8 In this study, the firm issues a mix of
debt and equity in initiating operations. This notion of mixed fi-
nancing is identical to that in Sundaresan and Wang (2007) and
Shibata and Nishihara (2010).° Importantly, debt benefits from the
tax shield in that the firm faces a constant tax rate t > 0 on in-
come after servicing the interest payment on the debt. For an-
alytical convenience, this study limits the condition to perpetual
debt (i.e., maturity is infinite). We denote an instantaneous coupon
payment of the debt by c > 0. This assumption, as in Black and
Cox (1976) and Leland (1994), simplifies the analysis without sub-
stantially altering the key economic insights. Thus, if the firm is-
sues a mix of debt and equity, its instantaneous cash flow is
1 -1)X(t)—0).

We assume the firm has the option to cease operations and sell
the production facility at the resale price of kI at any time t af-
ter initiating operations. Here, k € [0, 1] indicates the proportion of
investment reversibility. This assumption means the investment is
partially reversible. That is, at the time of ceasing operations, kI
can be converted to cash, whereas (1 —k)I cannot. Economically,
kI and (1 —k)I are regarded as tangible (liquid) and intangible
(nonliquid) assets, respectively. Moreover, we assume the propor-
tion k takes one of two possible values: ky or k;, where 1 > ky >
k; > 0. Here, ky represents a “high proportion” of the reversible
asset and k; represents a “low proportion.” The probabilities of
drawing k = ky and k = k; are exogenous, and P(ky) =q < (0,1)
and P(k;) = 1 — q. Following Leland (1994) and Lambrecht and My-
ers (2008), we assume the firm incurs a bankruptcy cost akl at lig-
uidation, where « € (0, 1). Thus, in this study, the liquidation value
is defined as (1 — )kl > 0, regarded as the collateral value for a
levered firm.'?

In this study, there are two kinds of debt: risky and risk-free
debt. The face value of perpetual debt is c;/r, where c; := c(k;) for
k=k; (j e {H,L}). If the face value of the debt c;/r is larger than
the liquidation value (1 — a)k;l, that is,

Cj > Uj = r(l — Ol)kj], (2)

then the debt is risky. Otherwise, the debt is risk-free, where its
face value is guaranteed at liquidation. The notion is identical to
that of Lambrecht and Myers (2008).

We denote the values of the debt, equity, and total firm
as D (X(t), ¢j), Ejm (X (t), ¢j), and Vi, (X(£), ¢j) 1= D (X (£), ¢j) +
Ejm(X(£),cj), for k=k; (j € {H,L}). Here, the subscript “m” is de-

7 This assumption is identical to that in Goldstein et al. (2001) and
Sundaresan and Wang (2007).

8 The assumption r > i ensures that the value of the firm is finite. See Dixit and
Pindyck (1994) and Hugonnier et al. (2015) for details.

9 Morellec and Schurhoff (2011) restrict attention to the situation in which firms
issue only one type of financing instrument. They note that a mix of debt and eq-
uity is a significant extension. The authors thank the anonymous reviewer for the
discussion on this point.

10 In this study, the liquidation value does not depend on the value of X (t), which
is identical to that in Mella-Barral and Perraudin (1997) and Shibata and Nishi-
hara (2018).
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0, Cj = 0,
m:=11, Cj € (0, 9]‘1], (3)
2, Cj > 0Uj1.
The subscripts “0,” “1,” and “2” denote “all-equity financing,”
“mixed financing consisting of risk-free debt and equity,” and
“mixed financing consisting of risky debt and equity,” respectively.
Further, we denote the time of initiating operations (investment,
indicated by superscript “i”), default (indicated by superscript “d”),
and ceasing operations (shutdown or liquidation, indicated by su-

perscript “s”) as Tjl ijj, and Tjsm, respectively. Mathematically, these
times are defined as

T :=inf{t > 0|X(¢) = x\ },

T4 :=inf{ t > T!|X (t) < x4},

Ts :=inf{t > THX(t) <x3,}, me {0, 1}

T$, = inf{t > T]F‘|X(t) < min {szxf}}

respectively, where x. > 0, x4 > 0, and x?m > 0 denote the associ-
ated investment, default, and liquidation triggers, respectively. In
this model, default represents operating concern bankruptcy. At
the time of default, the right of management ownership is trans-
ferred from equity-holders to debt-holders, implying that the eq-
uity value is zero, and managers and equity-holders leave the
firm. Moreover, default can occur only when the firm issues risky
debt. By contrast, liquidation represents ceasing operations. Liqui-
dation can occur in all three types of financing. The meaning of
min{x;z,xf} in T].S2 is that the firm issuing risky debt is never lig-
uidated before default, though it may be liquidated concurrently
with default.!!

2.2. Value functions after investment

This subsection provides the value functions after the firm ini-
tiates operations. Value functions are derived for three different
types of financing strategies (m € {0, 1, 2}). In the derivations of
value functions, we use the following parameters:

1 N2 2|2
ﬂ3=§—%+{(#) +¢T£} > 1,
: 2, 2
R (GO 1 B

vi=1L >0,

g:=-2>0,

b

r)_gj>0, 1
hi=(1-y[1+alz2})"7 21,
Vo= (I+5r) =1

2.2.1. Value functions for m € {0, 1}

In this subsection, we derive the value functions for m € {0, 1}.

Given k =k; (j € {H,L}), once the cash inflow X(t), starting at
X(0) = x, increases and arrives at x. from the below, we assume
that the firm issues a mix of risk-free debt and equity and initiates
operations. Thereafter, the firm obtains an instantaneous cash flow
(1 -7)(X(t) —cj) as long as X(t) keeps a high level. However, if
X(t) decreases and arrives at x3, from the above, the firm is liqui-
dated. Note that there is no default under risk-free debt financing
because the liquidation value is larger than the face value of the
debt. The value of the total firm after initiating operations and the
optimal liquidation trigger, Vj; (X(t), ¢;) and x;l (cj), are given as

Vi (X(6), ¢;) =uX(t) + T—ff +{A =)kl —vx5(c)) — ﬁ}(x)f((?))k (4)
NI

r

11 Subsection 2.2.2. explains min{x;z,xg} of T?, in-depth.
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o
XS
4 —X(t)
XO ~ before investment
0 T ) T9=78
time
(a) a5 > a4
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xd/—=X(t)
s/ before investment
XO after default

0 Ti

T

time

(b) z9 > z°

Fig. 1. Simultaneous and sequential bankruptcy strategies. Suppose that the firm issues a mix of risky debt and equity when it initiates operations. In Panel (a) of x* > x4,
the firm takes default and liquidation simultaneously at x¢. In Panel (b) of x4 > x, the firm employs default and liquidation sequentially at x4 and x°, respectively.

€ TCj
X3 (cj) =;{(1 —a)k;l — T]} >0, (5)
respectively. See Appendix A for derivations of (4) and (5). We
summarize the properties of V;; and x;.] in the following lemma.
See Appendix B for the proof.

Lemma 1. Suppose that the firm issues a mix of risk-free debt and
equity (m=1), for k=k; (j € {H, L}). The total firm value, V}; (x, c;),
is a positively linear function of c;. The optimal liquidation trigger,
le (cj), is a negatively linear function of c;.

In Lemma 1, the firm chooses c; = 6;; to maximize Vj; if it is
allowed to issue a risk-free debt (c; € (0, j;]).

Then, we assume that the firm employs all-equity financ-
ing (m =0) when it initiates operations. Substituting c¢; =0 into
(4) and (5) yields

Vio(X(0) = Vi (X(£),0), x5y = x5, (0), (6)

respectively. Here, V;, and xj.o indicate the value of the equity and
the liquidation trigger under all-equity financing.

2.2.2. Value functions for m =2

In this subsection, we derive the value functions for m = 2.

Given k = k; (j € {H, L}), we assume that the firm issues a mix
of risky debt and equity (m = 2). After the firm initiates opera-
tions, it obtains an instantaneous cash flow, (1 —7)(X(t) —¢;), as
long as X(t) maintains a high level. However, if X(t) decreases
and reaches a low level, it is challenging to pay the coupon c¢; >
0, implying that the firm must consider the default (operating
concern bankruptcy). Following Black and Cox (1976) and Leland
(1994), the equity-holders decide the default trigger x? to maxi-
mize the equity value (before default). Following the absolute pri-
ority rule, once the firm defaults, the right of corporate ownership
is transferred from the equity-holders to the debt-holders. The new
equity-holders determine the liquidation trigger x5, to maximize
the equity value after default.

According to the magnitude of x? and sz,
two scenarios emerge. Figure 1(a) depicts the scenario of x? =
min{x?,xj.z}. Recall that the firm is never liquidated before it de-
faults because the debt-holders cannot obtain the right of corpo-
rate ownership unless the equity-holders leave at default. Once
X(t) reaches x? from the above, the firm defaults and is liqui-

the following

dated simultaneously. Figure 1(b) depicts the scenario of xj.z =
min{x?,xiz}. Once X(t) reaches x? from the above, the firm de-

faults, and the new equity holders continue operations. Thereafter,
if X(t) decreases and reaches xj.z from the above, the firm ceases

the operation at x?. The light blue shaded region indicates the pe-
riod of operations by the new equity-holders. Thus, the firm em-

. _ . . . d S
ploys the sequential default-liquidation bankruptcy at X and X%
respectively.

Given k =k; (j € {H.L}), the value of the total firm after initiat-
ing operations and before default, Vj, (X(t), ¢;), is given by
X(t)
i) (7)
where the equity value after default W;(X(t)), optimal default trig-
ger x4 (¢;), and optimal liquidation trigger xj‘.z are
X(t) G

min{x4(c;), x5, }

VipX(©), ) = X(©) + 2 + Wi e) - T2 - (e

WX (0)) =(1 — o) {uX (©) + (kI — vmin{x* (c;), x%,}) (

1-71

x4(cj) =%—cj, 9)

X, =%ij. (10)

See Appendix A for derivations of (7)-(10). In (8), the firm in-
curs a bankruptcy cost after default, consistent with Black and
Cox (1976) and Leland (1994). In their models, given that the liqui-
dation value is assumed to be zero (k; = 0 and sz = 0), the resid-
ual value at default is (1 —a)vxd (cj). That is, this study’s model
converges to that of Black and Cox (1976). In (9), x4 (cj) does not
involve k;. In (10), xj.z differs from xj.] (cj). From (9) and (10), we
have x4(c;) > x5, if

Cj>Ujp = ékll (l])
That is, if ¢j € (0j1,0),], the firm takes a simultaneous bankruptcy
strategy. If ¢; > 0}, the firm takes a sequential bankruptcy strat-
egy. As c;/r (debt issuance) is smaller (larger), the firm is more
likely to employ simultaneous (sequential) bankruptcy. The simul-
taneous and sequential default-liquidation strategies can be re-
garded as Chapters 7 and 11 of U.S. bankruptcy codes, respec-
tively. The result that the firms with significant debt employ a se-
quential bankruptcy strategy accords with the empirical finding of
Bris et al. (2006). We summarize the properties of Vj, and x4 in
the following lemma. See Appendix B for the proof.

Lemma 2. Suppose that the firm issues a mix of risky debt and equity
(m =2), for k =k; (j € {H,L}). The total firm value, Vj,(X(t).c;), is a
concave function of c;. The optimal default trigger, xd (cj), is a linear
function of c;.

In Lemma 2, there exists an optimal coupon that uniquely max-
imizes Vj,, because of its concavity. Moreover, xd(cj) is a linear
function of c;, identical to that in Black and Cox (1976).
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2.2.3. Properties of total firm value

This subsection shows the properties of the total firm value for
k=k; (j € {H.L}). We obtain the following lemma. See Appendix B
for the proof.

Lemma 3. The total firm value and trigger are continuous at ¢; = 6,
for k=k; (j e {H,L}) that is,

Vi X, 030 = lim Va X(0. 7). %3, 0) = lim ¥(cy). (12)

Further, we have
Vi

WV,
5 X(0).0;) = aTj(X(t)’ Dy, =0

which implies Vj, (x, ¢;) is an increasing function of c; for the regions
around 0.

Lemma 3 implies that there exists a coupon payment ¢; to max-
imize the total firm value such that c; > 6.
2.3. Asymmetric information problem

In this subsection, we consider the contract under manager-
shareholder conflict due to asymmetric information.

Consider that the shareholders (equity-holders) delegate the
corporate decision to managers, taking advantage of their unique
expertise. We assume that only the managers privately observe
whether the realized value of k is ky or k;, whereas the sharehold-
ers and creditors (debt-holders) cannot.'? Thus, the managers have
an informational advantage over the shareholders and creditors. In
this situation, shareholders induce the managers to reveal the re-
alized value. Otherwise, investors suffer some losses. Suppose, for
instance, the managers observe k = ky as the realized value. Once
X(t) declines to x4(c) in operations, the firm would default, and
the managers would be fired. Thus, the managers have an incen-
tive to report a false value k = k; intentionally and divert the dif-
ference AkI to themselves where Ak :=ky — k; > 0, whereas the
shareholders suffer the loss of Akl Hence, the shareholders should
induce the managers to reveal their private information. Moreover,
the creditors would refuse the financing to the firm unless the
managers’ private information was clarified.

In this study, the shareholders make a contract with the man-
agers at time zero. The components of the contract are

¥ (k). k), wikp),
which may be contingent on a reported value l~<j (j € {H, L}). Here,

the idea of introducing only the positive incentive w(k) is identical
to that of Grenadier and Wang (2005)."> The mechanism of intro-
ducing only positive incentive simplifies the analysis substantially
without altering the key economic insights. Given that the revela-
tion principle ensures that the shareholders induce the managers
to clarify a true value k; as private information, we make no dis-

tinction between k; and I~<j. Hence, we can drop the suffix tilde on

the reported I~<j and simply write the contract as {xij, cj, wil.

Given k =k; (j € {H, L}), the option value of the project is given
byl4

sup (Z)P (Ejm(x, ) = {1 = Dy, )} = wj), (13)

i cows :
Xj,CJ.Wj Jj

12 This assumption follows Shleifer and Vishny (1992) and Abel et al. (1996). In
Shleifer and Vishny (1992), given that most assets are specialized, they are sold at
prices below the values in best use when liquidated (via asymmetric information).
Abel et al. (1996) argue that an underpriced liquidation value can be attributed to
lemon effects.

13 See Shibata and Nishihara (2010) for a discussion of negative incentives (e.g., a
penalty).

4 See the Appendix for the derivation.
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where X(0) =x > 0. See Appendix A for the derivation of (13).
Here, the total firm value is defined by Vj; :=Ej; +Djy. The
subscript “m” is then decided per the magnitude of ¢; >0 (me
{0,1,2}).

Under asymmetric information, the firm’s optimization problem
is formulated as

0% (x) = max > P(lcj)(:—i)ﬁ{vjm(xij,cj)—I—wj}, (14)
1M et j
subject to
s X \y
(i)ﬂwH> ( 'L) {WL+(7X15__(CL)) Akl}, cL <6, )
i i
i (;)ﬂ{Wﬁ(Xd’ELq))wa}, ¢ > O,
EY: _ X;i Y Akl
(X)bw, > (xiH) e (XIS-I('CH)) K} <, (16)
1 1
i () = () KL > B,
H
M) = Y Pk ()P, =0, (17)
je{H,L} Xj

where the superscript “sx
metric information.

The objective function (14) is the option value of the project.
Constraints (15) and (16) are incentive-compatible constraints for
managers in k = ky and k = k;, respectively. Consider, for example,
Constraint (15), which ensures that managers who observe k = ky
have no incentive to intentionally report the false value k = k;. This
can be attributed to the following reason: The value for managers
who observe k = ky is given by the left-hand side of (15) if they re-
port the true value k = ky; however, it is given by the right-hand
side of (15) if they report the false value k = k;. Thus, if Constraint
(15) is satisfied, managers who observe k = ky have no incentive
to report the false value k = k; intentionally. Constraint (16) fol-
lows similarly. Constraint (17) is a participation constraint, in that
the managers’ option value M(x) is larger than zero. Constraints
(18) are limited-liability constraints. Their basis is identical to that
of Grenadier and Wang (2005) and Shibata and Nishihara (2010).

represents the optimum under asym-

3. Model solutions

In this section, we derive the solution to the asymmetric infor-
mation problem. Just before its derivation, we briefly begin with
reviewing the symmetric information problem as a benchmark.

3.1. Symmetric information

We assume all agents (managers, shareholders, and creditors)
observe the realized value of k. This problem is identical to when
there is no delegation to managers. Thus, we have wj, =w} =
0. We use the superscript “x” to represent the optimum under
symmetric information.’> We obtain the following lemma. See Ap-

pendix B for the proof.

Lemma 4. Under symmetric (full) information, the option value of

the project is

07 () i= () {Vira . i) = 1} + (1= ) (5)* Ve ) —1}. (19)
H L

15 Note that M*(x) = 0 under symmetric information.
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where ¢}, > Oyq and cf > 0yy; that is, the firms in H and L issue a mix
of risky debt and equity (m = 2).

Here, if ¢} € (6)1,0)2] for k=k; (j € {H.L}), we obtain x}* and
¢; by solving fj (xij,cj) =0 and sz(xij.,cj? =0, where f}; apd fi
are given in (B.11). If ¢; > 0jp, we obtain x}* by solving fjs (xlj) =0,
where fjs is given in (B.14). Thus, we obtain c;f = (n/h)xi].*.

3.2. Asymmetric information

This subsection derives the solution under asymmetric informa-
tion.

We show that only two of the five constraints (15)-(18) are
binding at the equilibrium, in three steps. First, Constraint (17) is
satisfied automatically because Constraint (18) imply Constraint
(17). Second, managers who observe k = k; have no incentive to
pretend they observe k= ky; thus, Constraint (16) is satisfied
automatically, and we obtain w; = 0. Finally, suppose Constraint
(15) holds as a strict inequality, then a decrease in wy increases
the option value of the objective function, which is a contradiction.
Thus, Constraint (15) is binding, which leads to wy > 0.

Following the above three steps, only Constraints (15) and
(18) are binding at the equilibrium; that is,

& B xiL Y
Wy — (xi) (XZ(_CL)) A, a =6, (20)
- 1 1
(i—*i’)ﬁ(xd)ELCL))VAkl, ¢ > 6,
L
W]_ZO. (21)

Here, Ak > 0 indicates the degree of asymmetric information be-
cause an increase in Ak > 0 increases the managers’ option value.

We simplify the optimization problem by substituting (20) and
(21) into (14). We then obtain the following proposition, using
Lemmas 1-3 (see Appendix B for the proof).

Proposition 1. Under asymmetric information, we obtain the option
value of the project as

)’ Wt i)

B
w00 ) Walr ) -1 anfic).
L

0™ (x): = q(x%

H

(22)

where the distortion of asymmetric information, an, (xiL, c)>0,is

i . X}_ 1% q

a (X, ¢p) = (X,S_(CL)) 1_qul, o)
i . xiL 1% q

a (X}, 1) 1= (xd(q)) g A

and ag(x}) = a;(xi,0). We obtain 0™ (x) < 0*(x). Interestingly, we
do not always obtain c;* > 61, whereas we obtain ¢} = c}; > Oy1;
that is, the firm in L cannot always employ mixed financing con-
sisting of risky debt and equity, whereas the firm in H does employ
mixed financing consisting of risky debt and equity (m = 2). Partic-
ularly, when the distortion of asymmetric information am(xiL,cL) is
great, the firm in L with collateral k; > 0 takes mixed financing of
risk-free debt and equity (m = 1) whereas the firm in L without col-
lateral k; = 0 does take all-equity financing (m = 0). The solution of
xiL** and c¢;* is given in Appendix B.

Proposition 1 has three important properties. First, the distor-
tion of asymmetric information, am(XiL,CL) >0, reduces the op-
tion value of the project. Second, the distortion am(xiL,cL) is in
k = ki, not k = ky. That is, it is less costly to distort (xiL**, ¢;*) from
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Table 1
Baseline parameter values.

r " o T o 1 X(0)

0.06  0.01 03 015 04 100 2

(xi*, cf) than to distort (x&*, ci) from (xi¥, ¢;). This result is iden-
tical to those in Grenadier and Wang (2005) and Shibata and Nishi-
hara (2010). Third, when the distortion am(xiL,cL) is significant,
the firm in L cannot issue a mix of risky debt and equity.!® Note
that an increased distortion of asymmetric information ap (xiL, cL)
is caused by an increased degree of asymmetric information Ak.

We derive the properties of the asymmetric information solu-
tion. In order to so, the option value in L, 07*(x), is given as

0;* (x) := max (Xii)ﬂ{vlm(xip a)—I—an(i, o)} (24)

i
xi.c L

First, we assume m = 2. An increase in Ak increases xiL** and de-
creases ¢;*. The reason is as follows. Here, to maximize 0}*(x), the
firm in L minimizes a, (xiL, cL), which is equivalent to minimizing
its component, (xiL/xd (c))”, where y < 0. In order to do so, the
firm in L increases xiL and decreases x4(c;) = c;/n. Next, we assume
m = 1. An increase in Ak has an ambiguous effect on xiL** and ¢;*.
We summarize the properties of xiL** and ¢f* in the next proposi-
tion. See Appendix B for the proof.

Proposition 2. Suppose asymmetric information. When the firm in L
issues a mix of risky debt and equity, xiL** increases with Ak (degree
of asymmetric information), whereas c¢;* decreases with Ak. When the
firm in L issues a mix of risk-free debt and equity, xiL** is not mono-
tonic with Ak, whereas ¢j* does not depend on Ak, but on k;.

From Proposition 2, an increased degree of asymmetric in-
formation reduces debt issuance (c;*/r). The result implies that
asymmetric information may not translate into a pecking-order
hypothesis. Empirically, Shyan-Sunder and Myers (1999) and
Bharath et al. (2009) conclude that the pecking order is a
good descriptor of board financing patterns, unlike Frank and
Goyal (2003) and Fama and French (2005). Thus, there is no con-
sensus on the divergence of conclusions. This study’s result does
not match the pecking order hypothesis, similar to Morellec and
Schurhoff (2011).

The next section discusses the economic mechanism of the
equilibrium under asymmetric information.

4. Model implications

This section derives a numerical solution to the asymmetric
information problem and discusses the implications of the study
model. In the numerical calculation, we set the baseline parame-
ter values in Table 1. Section 4.1 examines the firm’s delayed in-
vestment under asymmetric information. Section 4.2 considers the
mechanism in which the firm is likely to be induced to issue a
mix of risk-free debt and equity when the degree of asymmetric
information is large. Section 4.3 investigates the firm’s financing
(capital structure) decisions under asymmetric information. Partic-
ularly, as the degree of asymmetric information is large, the firm
with collateral (positive liquidation value) issues a mix of risk-free
debt and equity, whereas the firm without collateral issues only
equity. Section 4.4 considers how asymmetric information affects
default and liquidation strategies. Section 4.5 examines the effects

16 The next section explains the mechanism in-depth, in that the firm is induced
to issue risk-free debt.
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Fig. 2. Option values and investment triggers. This figure depicts the option values
and investment triggers. We see 0;*(x) < O (x) and x** > x*. We assume k = 0.5 in
addition to the baseline parameter values.

on credit spreads and leverage. Section 4.6 investigates the con-
flicts between the managers and the investors. Section 4.7 consid-
ers the social loss from asymmetric information. Section 4.8 exam-
ines the effects of the volatility.

4.1. Delayed investment under asymmetric information

This subsection considers how asymmetric information affects
the interaction between the option values and investment triggers.

Figure 2 depicts O; (option value) and xiL (investment trigger).
We assume k; = 0.5 in addition to the baseline parameter values.
Here, 0;*(x) is defined as (24) and 0; (x) := (x/xi*)P{Vjp (xi*, ¢}) —
I}. We see that 0f*(x) < O (x), and xi** > xi*, implying that asym-
metric information decreases the option value and increases in-
vestment trigger (delays investment).

Importantly, while Morellec and Schurhoff (2011) show that
asymmetric information speeds up investment, this study’s anal-
ysis demonstrates that asymmetric information delays investment.
The difference in these investment strategies is not surprising. In
the screening game for the shareholder-creditor (or shareholder—
new shareholder) conflict of Morellec and Schurhoff (2011), the
firm in L (the bad type) aims to mimic the firm in H (the
good type) to extract more informational rent. The equilibrium
is achieved by making mimicking more costly for the firm in L
by speeding up investment for the firm in H and rendering in-
vestment for the firm in L unchanged. Thus, the distance of the
investment triggers for the firms in H and L is enlarged under
asymmetric information. In the screening game for the manager-
shareholder conflict, the firm in H aims to mimic the firm in L
to extract more informational rent. The equilibrium is achieved by
making mimicking more costly for the firm in H by delaying in-
vestment for the firm in L and rendering investment for the firm in
H unchanged. Thus, at the equilibrium, the distance of the invest-
ment triggers under asymmetric information, xiL** —x}_*,‘, is larger
than under symmetric information, xiL* - xi;;. Hence, the mechanism
by which asymmetric information induces the enlarged distance of
the investment triggers between the firms in H and L is identical
to that in Morellec and Schurhoff (2011).

4.2. Mechanism of issuing risk-free debt

This subsection clarifies the mechanism in which a firm with
collateral (k; > 0) issues a mix of risk-free debt and equity whereas
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the firm without collateral (k; = 0) issues only equity when the
degree of asymmetric information is significant.

Figure 3 (a)-(c) depict O; (option value) with c¢;, according
to Ak e {0.2,0.7,1} (we assume k; € {0.8,0.3,0} and ky =1). In
Fig. 3(a), we assume Ak = 0.2, implying a small degree of asym-
metric information. The optimal coupon is ¢j* =5.7 > 6 = 2.88.
Thus, the firm in L issues a mix of risky debt and equity even
under asymmetric information. However, in Fig. 3(b), we assume
Ak = 0.7 under k; = 0.3, implying a significant degree of asymmet-
ric information and a positive-liquidation value, which enables the
firm in L to provide the amount of money as collateral to the cred-
itor at the time of liquidation. The optimal coupon is ¢j* =6} =
1.08 > 0, which implies that the firm in L issues a mix of risk-free
debt and equity. In Fig. 3(c), we assume Ak =1 under k; =0, im-
plying a significant degree of asymmetric information and a zero-
liquidation value, which do not enable the firm in L to provide
any money at the time of the liquidation. The optimal coupon is
¢;* =01 = 0; thus, the firm in L does not issue debt. The follow-
ing corollary summarizes these results.

Corollary 1. Suppose the degree of asymmetric information is signif-
icant. The firm in L with collateral issues a mix of risk-free debt and
equity, whose debt issuance amount equals the collateral value. How-
ever, the firm in L without collateral issues only equity.

We now explain the mechanism by which the firm in L with
collateral is induced to issue a mix of risk-free debt and equity
when the degree of asymmetric information is significant. Suppose,
as a benchmark, the symmetric information case. Figure 3(d) pro-
vides the close-up of O; in Fig. 3(b). Here, O, (0;,) is an increasing
(concave) function of ¢ < 1.08 (c; > 1.08) with 30}, /9¢;|,—1.08 =
00;,/0ct|¢, y1.08 > 0. Thus, the optimal coupon to maximize O; is
¢; =8.1 >0y =1.08, implying that the firm in L issues a mix of
risky debt and equity. Suppose the asymmetric information case.
Figure 3(e) depicts the close-up of O;* in Fig. 3(b). Then, Ojj is
an increasing function of ¢; < 1.08. Interestingly, however, O}3 is a
decreasing function of ¢; > 1.08 because the degree of asymmetric
information is significant.”” Hence, the optimal coupon to maxi-
mize Oj* is ¢j* =61 = 1.08, implying that the firm in L issues a
mix of risk-free debt and equity. Moreover, if the firm in L does not
have collateral (k; = 0), we have 6;; = 0, implying that the firm in
L without collateral is induced to issue equity only.

4.3. Capital and debt structure

In this subsection, for asymmetric information, the study con-
siders the financing strategies of the firm in L, depending on the
magnitudes of the parameters ky and k;. Here, there are three dif-
ferent financing strategies: a mix of risky debt and equity, a mix of
risk-free debt and equity, and all-equity.

Figure 4 depicts the regions where one of the three types of
strategies is preferred in the space (ky, k;). The line from (ky, k) =
(0,0) to (ky,k;) = (1,1) indicates the boundary of ky = k;. Given
the assumption that ky > k;, we consider only the lower-right tri-
angular region to the boundary of ky =k;. Under the symmet-
ric information benchmark, firms in H and L issue a mix of risky
debt and equity for the entire lower-right triangular region. See
Lemma 4 for details.

Under asymmetric information, we consider the preference of
capital and debt structure for the firm in L.!® The firm in L issues

7 As in (B.18), ax(xi**,c;) is an increasing function of ¢;, whereas Vi, (xi**, c;)
is a concave function of c¢;. When ¢, increases from 6;; for a significantly large
Ak, an increase in a;(xi, ¢;) dominates an increase in Vi (xi, ¢;). Thus, Vi (xi, ;) —
a (xiL, ;) decreases with ¢, implying that O;; decreases with c;.

8 The firm in H always issues a mix of risky debt and equity even under asym-
metric information.
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Fig. 4. Capital structures under asymmetric information. This figure depicts the fi-
nancing strategy for the firm in L in space (ky, k;). The other parameters are the
baseline values.

a mix of risky debt and equity, a mix of risk-free debt and eq-
uity, and all-equity financing at Points A, B, and C, respectively.
See Fig. 3(a)-(c). The line from (ky,k;) = (0.49,0) to (ky, k) =
(1,0.35) indicates the boundary of Ojj = O;3. The upper-left re-
gion to the boundary of O = O;3 is the region of mixed financ-
ing consisting of risky debt and equity, even under asymmetric
information, because Ak > 0 in this region is not significant. The

lower-right region to the boundary of Ojj = 05, other than the

line from (ky, k;) = (0.49,0) to (ky,k;) = (1,0), is the region of
mixed financing consisting of risk-free debt and equity. The line
from (ky,k;) = (0.49,0) to (ky,k;) = (1,0) is the region of all-
equity financing.

In summary, when the degree of asymmetric information is
significant, the firm in L with collateral issues a mix of risk-free
debt and equity, whose debt issuance amount equals the collat-
eral value. The mechanism is induced by reducing debt issuance
via increasing the degree of asymmetric information. To the best
of our knowledge, prior relevant studies do not show such re-
sults. For example, in Morellec and Schurhoff (2011), the firm al-
lows for debt or equity financing and issues a fixed amount of
debt, which is equal to the investment cost. Shibata and Nishi-
hara (2010) do not consider a risk-free debt financing because the
investment is completely irreversible (i.e., no collateral). Addition-
ally, we derive the extreme result that the firm in L without col-
lateral takes all-equity financing at the equilibrium. This theoretical
result accords with those of the theoretical studies by Stiglitz and
Weiss (1981), DeMarzo and Duffie (1999), Hennessy et al. (2010),
Morellec and Schurhoff (2011), and Piskorski and Wester-
field (2016), where the H-type (L-type) firms issue debt
(equity).

4.4. Default and liquidation strategies

In this subsection, we consider how asymmetric information af-
fects default and liquidation triggers. In Fig. 5, we assume ky =1
and k; € [0, 1] in addition to the base line parameters. Note that an
increase in Ak corresponds to a decrease in k;. When the degree
of asymmetric information is significant (k; € (0, 0.35]), it induces
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Fig. 5. Default and liquidation triggers. We assume ky = 1 in addition to the baseline parameter values. Panels (d) and (e) depict the default and liquidation triggers under
symmetric and asymmetric information, respectively. Panel (f) depicts a close-up of triggers in Panel (e).

the firm in L to issue a mix of risk-free debt

and equity. When the Just before investigating xg** (default trigger) and x;, (liqui-

degree of asymmetric information is small (k € (0.35, 1]), the firm  dation trigger), we begin with reviewing the corresponding re-
in L then issues a mix of risky debt and equity, even under asym- sults of O}, xiL**, and c*/r in Fig. 5(a)-(c). These three recon-

metric information.

siderations help us to understand x‘Lj** and x;, in more detail.
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Fig. 6. Credit spreads and leverage. We assume ky = 1 in addition to the baseline parameter values.

First, Fig. 5 (a) depicts O;* (option value in L). We have O;*
Ojp for k=0 and O7* > O; for k; € (0, 1], where Ojf indicates
the option value in L under all-equity financing. Thus, the firm
in L issues debt as long as it possesses collateral (k; > 0). As in
Proposition 1, O;* < O5, where asymmetric information reduces the
value. As in Proposition 2, O0j* = Oj; decreases with Ak (a de-
crease in k; > 0.35). Second, Fig. 5 (b) depicts xiL** (investment trig-
ger). Here, xiL’B* represents the trigger for the firm in L under all-
equity financing. We see xi** = xt for k. = 0. As in Proposition 2,
xiL** > xiL*. where asymmetric information delays investment. Addi-
tionally, for k; € (0.35, 1], xiL** increases monotonically with Ak (a
decrease in k;). However, for k; € (0, 0.35], xiL** has an inverse U-
shaped relationship with Ak. This result theoretically accords with
Martin (2009), where the relationship between the amounts of in-
vestment and collateral need not be monotonic under adverse se-
lection in a static approach. Third, Fig. 5 (c) depicts ¢j*/r (debt is-
suance). As in Proposition 2, ¢j*/r < ¢f/r. Additionally, c;* = 6 for
ki € [0, 0.35], whereas we have ¢ > 6 for k; € (0.35,1].

We consider the default and liquidation triggers. Figure 5(d)
shows the symmetric information bankruptcy triggers: xf* and x;,,
as a benchmark. Recall that the firm in L defaults (liquidates)
once X(t) reaches xf (x},) from the above. We obtain xf* > X7,
for k; €[0,1], implying that the firm in L always employs the
default and liquidation sequentially at xf* and xj,, respectively.
Figure 5(e) depicts the asymmetric information bankruptcy trig-
gers: x = xd(ci*), x$,(611), and x3,. For k; = 0, the firm in L is-
sues equity only. For k; € (0,0.35], the firm in L issues a mix of
risk-free debt and equity. Thus, for k; [0,0.35], it exercises only
the liquidation at xj, because there is no default under all-equity

10

and mix of risk-debt and equity financing. As in Lemma 3, we see
X :xf** at ¢, = 0.35. For k; > 0.35, the firm in L issues a mix of
risky debt and equity. Figure 5(f) provides a close-up of xf** and
xj, for k; € [0.75,1] in Fig. 5(e). From two these figures, we obtain

s
X,
X[2s

min{x 1t} = { k; € (0.35,0.795],
L7l k. € (0.795,1].

Thus, for k; € (0.35,0.795], the firm in L exercises default and lig-
uidation simultaneously at xf**. For k; € (0.795,1], the firm in L
exercises default and liquidation sequentially at xf** and xj,, re-
spectively. Note that x?* = xf** for k; = ky = 1 because there does
not exist asymmetric information. From Fig. 5(d)-(f), consequently,
for k; € (0.35,0.795], asymmetric information changes the default-
liquidation strategy from sequential to simultaneous. We summa-
rize these results in the following observation.

Observation 1. Suppose that the firm in L issues a mix of risky
debt and equity even under asymmetric information. An increased
degree of asymmetric information induces the firm in L to employ
a simultaneous rather than a sequential default-liquidation strategy
via a change in the capital structure to reduce debt issuance.

Observation 1 implies that an increased degree of asymmetric
information is more likely to induce the firm to file for Chapter 7
liquidation than Chapter 11 reorganization because asymmetric in-
formation reduces the optimal amount of debt issuance. This result
is consistent with the empirical finding of Bris et al. (2006) and the
theoretical finding of Nishihara and Shibata (2017).
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4.5. Credit spreads and leverage

In this subsection, we consider how asymmetric informa-
tion affects credit spread and leverage. For the firm in L un-
der asymmetric information, the equity value is defined as
Eim (xiL, CL) — am (xiL, ), whereas the debt value remains unchanged
as DLm(xiL,cL). Here, the distortion, am(xiL,CL) >0, is given in
(23) and derived via the wage incentive to the managers from the
investors. The total firm value is the sum of two values; that is,
Vim (X}, ¢) — am(x, ¢1).

The credit spread (in basis points) is defined as

CL
Dy (XIL’ L)

We obtain cs; =0 for m =1 because of D;; = ¢;/r, but c¢s; > 0 for
m = 2 because of D;; < ¢;/r. Moreover, the leverage (percentage) is
defined as

csp = —r)x10*, me{1,2}.

I = Dim (X1, cp)
Vim (X}, €1) — am(x;, ¢1)
Figure 6 (a) and (b) depict cs; (credit spread) and [; (leverage),
respectively. We see c¢si* <cs; and [* <. Additionally, cs;* and

I;* decrease monotonically with Ak (a decrease in k;). The follow-
ing observation summarizes these results.

x 102.

Observation 2. Suppose that the firm in L issues a mix of risky
debt and equity. Then, an increased degree of asymmetric infor-
mation decreases the credit spread and leverage monotonically.

1

We explain the mechanism of the two results as follows. First,
we show why asymmetric information reduces credit spreads. As
in Figs. 5(c) and 6(c), asymmetric information reduces c;/r (face
value) and D; (debt value). Importantly, the decrease in c;/r is
more significant than in D;. Thus, asymmetric information reduces
csp (credit spreads). Second, we state why asymmetric informa-
tion reduces leverage. As in Fig. 6(d), asymmetric information rises
E; — a (equity value) to compensate for a decrease in D;. Further, as
in Fig. 6(e), asymmetric information rises V; — a (total firm value)
because the magnitude of increase in E; —a is more significant
than the magnitude of decrease in D;.'° Thus, asymmetric infor-
mation reduces [; (leverage).

The result in observation 2 may not be counter-intuitive, be-
cause this study’s results may not match the pecking order hy-
pothesis, where information asymmetry increases credit spreads
and leverages. For example, Bharath et al. (2009) show empiri-
cally that credit spread increases with the degree of asymmetric
information, on the condition that the debt capacity is not con-
sidered. However, as noted, there is no consensus on the pecking
order hypothesis. Leary and Roberts (2010) state that the diver-
gence is driven primarily by the predictive ability of the capital
structure. They show that such predictive ability improves signif-
icantly only when we allow firms’ debt capacity to vary. In this
study, as in Proposition 2, asymmetric information reduces debt
issuance, reducing credit spreads and leverage. Based on Leary and
Roberts (2010), the result makes sense. Thus, we provide a testable
hypothesis that asymmetric information reduces credit spreads and
leverage by decreasing debt issuance, whereas asymmetric infor-
mation increases credit spreads and leverage by increasing debt is-
suance.

4.6. Conflicts between well-informed managers and less-informed
investors

We now compare the option values of the managers (insiders)
and investors (outsiders).

Figure 7 (a) shows M**(x) (managers’ option value). The man-
agers’ option values have an inverse U-shaped relationship with
Ak (a decrease in k;). We have M**(x) =0 for k, =0 (given
zero-liquidation value) and M**(x) =0 for k; = 1 (given no infor-
mational rent). Importantly, M**(x) decreases with Ak for k;
(0,0.59] but increases with Ak for k; € (0.59, 1]. Here, two con-
flicting effects drive the shape of the managers’ option value. First,
an increase in Ak (a decrease in k;) increases M**(x) (the “infor-
mational advantage effect”). Second, an increase in Ak decreases
M**(x) via a decrease in ¢j* (the “leverage effect”). Thus, when Ak

19 Under asymmetric information, we have Vi, (xi, ¢j*) — am (xi**, ¢;*) > VL (x*, ¢})
as in Fig. 2.
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Fig. 9. Effects of volatility. We consider two cases—Ak = 0.8 and Ak = 0.2—by assuming (ky, k;) = (0.9,0.1) and (ky, k;) = (0.3,0.1). The other parameters are the baseline
parameter values. The former and latter cases correspond to those for large and small degrees of asymmetric information, respectively.

is small (k; € (0.59, 1]), the informational advantage effect domi-
nates the leverage effect. Hence, M**(x) increases with Ak. How-
ever, when Ak is significant (k; €[0,0.59]), the leverage effect
dominates the informational advantage effect. Thus, M**(x) de-
creases with Ak. Therefore, conflicting effects induce the inverse
U-shaped curve.

Figure 7 (b) shows O**(x) (investors’ option value), where
0**(x) is defined by (22). O** decreases with Ak (a decrease in
k;) for k; € (0.145, 1] but increases with Ak for k; € [0, 0.145]. Pre-
cisely, when the firm issues risky debt, O** decreases with Ak.
However, when the firm issues risk-free debt, O** has an inverse
U-shaped curve with Ak.

From Fig. 7(a) and (b), an increase in Ak (a decrease in kj)
transfers the wealth from the investors to managers when the de-
gree of asymmetric information is relatively small (k; € (0.59, 1]).
However, an increase in Ak does not always transfer the wealth
from investors to managers when the degree of asymmetric in-
formation is relatively significant (k; € [0, 0.59]). Particularly, for
k. € (0.14,0.59], an increase in Ak reduces investors’ and man-
agers’ values. We summarize these results as follows.

Observation 3. Suppose that the firm in L issues a mix of risky
debt and equity. An increased degree of asymmetric information
likely shifts the wealth from the less-informed investors to the
well-informed managers (“asset substitution”). However, suppose
that the firm in L issues a mix of risk-free debt and equity. An
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increased degree of asymmetric information does not always shift
the wealth.

It is common knowledge that asset substitution does not always
occur. An increase in Ak always reduces the total welfare as the
sum of the investors’ and managers’ values (i.e., the social loss in-
creases), as in the next subsection.

4.7. Social losses of information asymmetry

We examine the effects of asymmetric information regarding
social loss; the social loss sl(x) is defined as

sl(x) := 0*(x) — O™ (x) — M**(x) > 0,

where x < x}j,‘. The notion of social loss here is identical to that of
Grenadier and Wang (2005).

Figure 8 depicts sl (social loss). We see sl increases with Ak (a
decrease in k;). Moreover, when a firm is induced to employ all-
equity financing or risk-free debt financing, social loss increases.
We summarize these results as follows.

Observation 4. An increased degree of asymmetric information in-
creases social loss. In particularly, the social loss is more significant
under mixed financing of risk-free debt and equity (or all-equity fi-
nancing) than under mixed financing of risky debt and equity.
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The results in observation 4 highly relate to the firm’s bene-
fit from the tax shield. An increased degree of asymmetric infor-
mation induces the firm to reduce the amount of debt issuance,
which induces a decrease in the firm’s benefit from the tax shield.
Thus, the more significant the degree of asymmetric information,
the more significant the social loss.

4.8. Effects of volatility

We examine the effects of o (volatility). Here, o changes from
0.15 to 0.3. We consider two cases—Ak = 0.8 and Ak = 0.2—by as-
suming (ky, k;) = (0.9,0.1) and (ky, k;) = (0.3,0.1) in addition to
the baseline parameter values. The former and latter cases corre-
spond to those for the large and small degrees of asymmetric in-
formation.

Figure 9 (a) depicts c;/r (optimal amount of debt issuance). Un-
der symmetric information benchmark, c/r increases with o, as
in Leland (1994), Sundaresan and Wang (2007), and Shibata and
Nishihara (2015). Consider asymmetric information. When the de-
gree of asymmetric information is small (Ak = 0.2), the red dotted
line, ¢j*/r, increases with o. This property is identical to that un-
der symmetric information. Interestingly, however, when the de-
gree of asymmetric information is significant (Ak = 0.8), the red
solid line, ¢;*/r, decreases with o. This result accords with the
theoretical findings of studies such as Myers (1984), Myers and
Majluf (1984), and DeMarzo and Duffie (1999)%° and the empiri-
cal findings of studies such as Fama and French (2005). Moreover,
the debt is risky for o €[0.15,0.269), whereas it is risk-free for
o €[0.269,0.3].

In summary, under asymmetric information, volatility effects
under Ak = 0.2 are different from those under Ak = 0.8 because of
two conflicting effects: positive and negative effects. Under Ak =
0.2, a positive effect dominates a negative effect, implying that an
increase in o increases debt issuance. However, under Ak = 0.8,
a negative effect dominates a positive effect, indicating that an
increase in o decreases debt issuance. The following observation
summarizes this result.

Observation 5. The volatility effects under a significant degree of
asymmetric information differ from those under a small degree.
When the degree of asymmetric information is large (small), an
increase in volatility decreases (increases) debt issuance.

Figure 9 (b) shows cs; (credit spread). Under symmetric infor-
mation, as a benchmark, cs; increases with o. Consider asymmet-
ric information cases. When the degree of asymmetric information
is small (Ak = 0.2), the red dotted line, cs;*, increases with o. This
property is identical to that under symmetric information. When
the degree of asymmetric information is significant (Ak = 0.8), the
red solid line, c¢sf*, has an inverse U-shaped relationship with o.
The nonmonotonic relationship is induced by changing the debt
from risky to risk-free with increasing o.

Figure 9 (c) depicts sl (social loss). When the degree of asym-
metric information is small (Ak =0.2), the red dotted line in-
creases monotonically with o. However, when the degree of asym-
metric information is significant (Ak = 0.8), the red solid line has
a A-shaped relationship with o. The peak of the A-shaped curve
is at the change of the debt from risky to risk-free.

5. Conclusion

This study examines how asymmetric information about the
liquidation value between well-informed managers and less-

20 In DeMarzo and Duffie (1999), the optimal face value of debt decreases with
volatility.
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informed investors affects a firm’s financing (capital structure) and
investment strategies.

It yields two novel results. First, asymmetric information at
the time of liquidation delays investment and reduces the opti-
mal amount of debt issuance. Second, when the degree of asym-
metric information is significant, an increase in volatility decreases
debt issuance under asymmetric information, unlike symmetric
information.

The result of reduced debt issuance given asymmetric in-
formation has three economic implications. First, a decrease
in debt issuance may induce a firm to issue a mix of risk-
free debt and equity. That is, the firm must prepare a per-
fect guarantee for its debt’s face value when a degree of asym-
metric information is significant, which is quite different from
that under symmetric information, where the firm always is-
sues a mix of risky debt and equity. In other words, a firm
with (without) collateral issues a mix of risk-free debt and
equity (only equity). Thus, this theoretical result provides a
new testable implication. Second, a decrease in debt issuance
may change the firm’s bankruptcy strategies because such a
decrease delays the default (operating concern bankruptcy) but
does not affect the liquidation bankruptcy (shutdown). For ex-
ample, by delaying default given asymmetric information, a
firm’s optimal bankruptcy strategies are changed from sequen-
tial default-liquidation to simultaneous default-liquidation. In prac-
tice, defaults and liquidations are regarded as Chapter 11 reor-
ganizations and Chapter 7 liquidations, respectively, of the U.S.
bankruptcy code. Hence, as the degree of asymmetric informa-
tion increases, a firm becomes more likely to file for Chapter 7
rather than Chapter 11. This result is consistent with the em-
pirical finding of Bris et al. (2006). Third, a decrease in debt
issuance decreases credit spread and leverage. The reason for
the former is that the decrease in coupon payments domi-
nates the decrease in the market value of the debt. The reason
for the latter is that the decrease in the market value of the
debt dominates the decrease in the market value of the equity.
These results differ from those of Shibata and Nishihara (2010),
where leverage and credit spreads are invariant of asymmet-
ric information. Asymmetric information at the time of liqui-
dation affects the leverage and credit spreads, although asym-
metric information at the time of investment does not affect
them.
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Appendix A. Derivation of value functions

Given xij and c; for k = k; (j € {H.L}), we derive the value func-
tions for m = 1 (mixed financing consisting of risk-free debt and
equity) and m =2 (mixed financing consisting of risky debt and
equity). We then derive the option value of the project.

Value functions for m =1

Suppose t > T]‘ and m = 1. Under the assumption of perpetual
debt, the face value of debt equals cj/r. When the debt is risk-free,
its market value is given by Dj; (X(¢t),c;) = cj/r = 0, independent
of X(t). The value of the equity, E;; (X(t), ¢;), is given by

TS
= sup EX® [e"(/ Temu(1 - T)(X(u) - ¢j)du
t

TS (2t)

oo 9])]

where EX(® denotes the expectation operator, conditional on X(t).
Here, the first term represents the cumulative cash flow from t to
Tjs1 (the time of liquidation), and the second term represents the
residual value at TS Using the standard arguments of Dixit and
Pindyck (1994), Eﬂ(X(t) ¢j) is given by

Eji (X(t). ¢j) :

En(X(0.¢) =X(© ~ (1 - 1) S =kl v, () — 7L 2 Sy X((Z))

(A1)
where the optimal liquidation trigger, x 1(cj), is obtained by
x5(c)) :=arg)r,nax {(1 —a)k;l —vy — r—}(XJ(/t))

:%{(1701)19-14%}30. (A.2)

Thus, we obtain Vj; (X(t), ¢;) = Dj; (X(t), ¢;) + Ej1 (X(t). ¢;) in (4).
Value functions for m = 2

Suppose t > T]l and m = 2. We derive the value functions by
working backward in two steps. We first derive the value function
after default and then derive the value functions before default.
These values are similar to those in Shibata and Nishihara (2018).

Suppose that the firm defaults. The value of the equity after de-
fault, W;(X(t)), is defined as

Wj(X(1)) := sup EXO[e™ (1 - a){ lez e (1 - D)X )du +e e k;l}].

T (z0) t
Note that W;(X(t)) is the value of the original debt-holders the
right of corporate ownership is transferred to after default. Partic-
ularly, the first term represents the cumulative cash flow from t
(any time after default) to T]S2 (the time of liquidation), and the
second term represents the residual value at T]S2 As in the deriva-
tion of (A.1), W;(X(t)) is given by

1 - a)kjl
(1 =) (uX (1) + {kil — v, }(

d S
X] —XJZ’

W (X(0) = o,

’“”) )
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We then derive the value functions before default. The values
of the debt and equity, Dj, (X(t), ¢;) and Ej; (X(t), c;), are given by

T(c;)
Dp(X(0).c)) :=EX“>[€"{ / " emieidu + e T OW; (¢ (c) |
t

X(t)
+{w;(x4(cy) - 2 (A3)
+ D)
Tjd
Ep(X(0),¢j) := sup EW[/ e (1 - T)(X(u) - ¢j)du],
T(2t) t
—X(@®) - (1L 4 {1 -1 D (e () (A4)
- r r PXA(cy) ’

respectively. The optimal default and liquidation triggers, xd(cj)
and X;‘2’ are

X4(c;) ::argTax{vX(t) -(1- r)% +{a- r)% - uy}()%)y}

AR (AS5)
X5 :_argmax [vX(®) + {k;I - vy}(X;t)) }

Thus, we obtain Vj, (X (t), ¢;) = Djp(X(t), ¢;) + Ejp(X(t), ¢j) in (7).
Option value of the project

Given x; and c; for k=k; (j € {H,L}), the option value of the

project is given by

sup EX[e ™" (Ejum (X(T)). ;) — {1 -

1 .
Tj.cj.wj

Djm(X(T}), cj)} = w))],
(A7)

where x :=X(0) > 0. Using standard arguments, the discounted
factor of (A.7) is rewritten as

(2"

J

Efel] =
Thus, we obtain the option value of the project for k = k; in (13).

Appendix B. Proofs of lemmas and propositions
Proof of Lemma 1

Suppose x := X (t) > x;.1 (¢;) > 0 and m = 1. The total firm value,
Vj1(x,¢;), is given as

Vﬂ(x,cj)=w<+r%+{(1—a)kjl—vxj.1(cj)—rﬁ}(xsxﬁ)y. ¢;<6;y. (B1)
1€

T

Differentiating V;; (x, ¢;) with respect to c; yields
dVip(x.cj)  aVi(xc;)  Vp(x.cj) x5 (c;)
dc; - c; axj.] (Cj) ac;
0
y
T X
=J1-| — >0, (B.2)
d { (Xﬂ (Cf)> }

where we use the envelope theorem, i.e., 9Vj;/0x}; = 0Ej;/9x5; =
0. The positive sign of (B.2) stems from y < 0. Thus, Vj;(x, ¢;) in-
creases with c;.
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Proof of Lemma 2

Suppose x :=X(t) > max{xd(cj),sz} >0 and m = 2. Note that
we cannot use the envelope theorem because 3V]—2/8xd #* 8Ej2/3xd.
Substituting x4(c;) = ¢j/n into V5 (x. ¢;) yields

Vip (x. ¢j) (B.3)
Cj 1-—
i/x+1:7]+(17a)kjl(2—;)?/—w%(?—;)y, cje 1,021
= ‘:’ i =Wy
= ¢ (-l ac(1-1)4+1T _ /1X
vx+t71 + ( % )Y - fcf(c*j)y’ ¢j>0p.
N
=¥jp =V
Differentiating Vj, (x, ¢;) with respect to c;, we have
0;
%(1‘(%() {1+ y( m-D}). ¢j € (0n, 0],
; . ;\,._/
dVJZd(: ¢) -1 - <01 . (B.4)
! A=) {i-r(+e—m)}). ¢>6bp
J
- v
=0
and
TY (X v O 1
?j(?j)m = ( J] D+ 6, } 0. «¢je(0n.6pl
2y/. . ——
: Vj;g 2 TY X e (B.5)
J ?j(c—j)y(l—y{l-%—aif })<0, ¢j > 0jp.
- v 7
=0
From (B.5), Vj(x, ¢;) is a concave function of c;.

Proof of Lemma 3

First, substituting c; = 6;; into (A.2) and (A.5) gives x51 0j) =
limcjwj1 xd(cj). Second, substituting c¢; =0;; into (B.1) and the
upper equation of (B.3) gives Vj;(x,0j1) = limcjwj] Vip(x, cj). Fi-
nally, substituting c¢; = 6;; into (B.2) and the upper equation of
(B.4) gives

dV dv;
do @O = {1 a

(Xd(’é1))v} oG &), 1o, = 0. (BS)

Proof of Lemma 4

The problem under symmetric information is the same as the
problems that arise when there is no delegation to the managers,
as the managers have no private information. The firm then sets
wy =wj =0.

Using Lemmas 1-3, there exists c(x) such that c(x) > 6;;, where
c(x) is given as

c(x) = argmaxVj, (x, ¢j). (B.7)
Cj
That is, the firm issues a mix of risky debt and equity under sym-
metric information.
Next, we provide x‘j* and ¢ for k=k; (j € {H.L}). For ¢; > 01,

dividing the objective function by x#, the problem is defined as

max G(x, ¢j), (B.8)
it

where

G, ¢j) == (X)) PV (. cj) 1}

Herg, Via (xij, ¢j) is given by (B.3). Differentiating (B.8) with respect
to x‘j and ¢; gives

G

i\—P-
P (x))
7

1{(7/3){Vj2(x‘j.cj) 71} +1/Xij + y[\l”jlq — \I/qu]},q € {1,2},
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aG -B 8V2(X§,Cj)

TCJ. = (XIJ) ac; (B.9)
Differentiating (B.9), we obtain
0%G 092G
32] axi2  Oxidc;
= j J .
ax‘ <0, |S|>0, S 92C ¢ | (B.10)
Ayl 92
dc;0x; ac;

implying that the second-order conditions are satisfied numeri-
cally. Arranging (B.9), we obtain x;* and ¢ for c; e (0j1,0;,] by

solving fj; (xij, ¢j) =0 and sz(xi,, ¢j) =0, where f;; and fj, are

S (¥¢5) i= =8 = Dy = B2 =1) = B =) [ = W],

=52 b))

respectively. Moreover, we obtain xij* and ¢; such that ¢; > 6}, by

solving fj3 (xij, ¢j) =0 and fj4(xij, ¢j) =0, where f;3 and fj, are

fi( (B.11)

T cy) 1= =B = s = B(S2 = 1) + B= 1) [ ¥y~ Wiaa].

(. T B LX', i’ B 1-7

Falc) ._r<] (c,. > [1-y(14alt )}) (B.12)
respectively. Further, arranging fj, (xij, ¢j) = 0 gives
c(x)) = (B.13)

Note that c(xij) is a linear function of xij, as originally obtained
by Leland (1994). Substituting c; = c(xij) into fj3 (xij, ¢j) = 0 yields
fis (xij) =0, where fjs is

ij(xij) =—(B- wxjf(ﬂ Y)W + Bl
and we use the following:

~(B -1y, — BT X +(B - y) ety T

(B.14)

—_— ——
=ci(¥) =ci(¥)
=—(hry)!
B (- B fa T )W)

B (1 )
—

Thus, we obtain x;.* by solving fjs (xij) =0 and obtain ¢} = c(xij*).
Proof of Proposition 1

First, we show that the firm in L issues a mix of risk-free debt
and equity for significant Ak > 0 under k; > 0 and all-equity for
significant Ak > 0 under k; = 0. To consider the property of O;*(x)
in (24), we define ¢y, (xi, ;) as

DX, ) == V(X o)) —an(xh, ), ne{1,2}. (B.15)

We examine the property of ¢;, with respect to ¢, in three steps.
First, as in Lemma 1, V;; increases with ¢;, and x; decreases with
c;. Differentiating (B.15) with respect to ¢, gives

dou(xf, c)  dVia(x], cr) _ day (i, cr)

dCL - dCL dCL >0, (Blﬁ)
—_————— N— —
=0 in (BZ) <0 in (817)
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+25¢ 1
—dx'/d(Ak)

dx'/d(Ak)

ke

i
da},

d(Ak)

>0

()

Journal of Banking and Finance 146 (2023) 106709

0.7r -
—dc/d(Ak)

do/d(Ak)

ke

dCL

A(AK)

<0

(b)

Fig. 10. Comparative statics with Ak. We assume ky = 1 in addition to the baseline parameter values.

where
da; (xi, cp) ; y €t
—d - ar (xg, CL)XZ(CL) VT (B.17)

Second, as in Lemma 2, V}, increases with ¢; for the regions around
611, and x4 increases with c;. Differentiating (B.15) yields

depra(xi, cr) | _dVia (], cr) | 3 day(xi, cr) | (B.18)
dCL albu - dCL albu dCL b ’ '
>0 in (BG) >0 In (B]g)
where
day (xi, c;) .
ZTLLL — —a(x, cL)CZL 0. (B.19)
Third, as shown in Lemma 3, we have Vj (xiL, O11) =

limCLw“ Vi (XIL, CL), X,S‘1 (9“) = limcL¢9“ Xd (Cl_), and
dVia(x}, c1)/0ctlc g, > 0. From the three steps, ¢pq(x},6)1) =
b1z (xiL, 611), and whether the sign of (B.18) is positive or negative
depends on the magnitudes of the first and second terms on the
right-hand side of (B.18).

If Ak > 0 is small, the sign of (B.18) is positive because the first
term dominates the second term. In this case, the firm chooses
risky debt financing. If Ak > 0 is significant, the sign of (B.18) is
negative, because the second term dominates the first term. In this
case, the firm chooses risk-free debt financing or all-equity financ-
ing. See Fig. 3 for an illustration of the proof.

Next, we can derive xiL** and c;*. For ¢j* =61 =0 (ie, me
{0, 1}), the problem is defined as

max (x) P {Vir (. 011) = I = @1 (. 6u1) }. (B.20)

By differentiating (B.20) with respect to xiL and arranging, we ob-
tain xi by solving fio(x}) + (B — y)a1(xi,61) = 0, where fig is

19'_1
r

S =B - Dwx} - B -B-»

1-7 Xy,
Tt —a)kll(a) i

(B.21)

and x7, :=x7; (611) = 0. For an extreme case of k; = 0, we have ¢, =
611 =0, x5, =0, and ag(x,0) =0, leading to xi** = BI/((B — 1)v),
which is identical to that of Dixit and Pindyck (1994).

For ¢j* > 61 (i.e., m = 2), the problem is defined as

max J(xi,cp), (B.22)

Xp,CL
where
J&xg ) i= () P{Via (g, ) = 1= ax(xj, a) }.
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Similar to the derivations in Lemma 4, differentiating (B.22) with
respect to x; and ¢; yields

Y. a) _ 0. Ay, c) _ 0. (B.23)
ox; acy
Differentiating (B.23), we obtain numerically
0?] 0?J
0% 9xi’ dxiac
— A A= L B.24
—2=0. M=o oy | (B.24)
L i ZJ
dc oxi oc?

implying that the second-order conditions are satisfied. Arranging
(B.23), we obtain the optimal trigger and coupon payment, x;** and
¢;*, by solving

fu(x.c) + (B-v)azx(x,. c) =0,

fia(x. c) + yaz(xi. o)t =0, (B.25)
for c; € (611, 612],

fis(xi. c) + (B - y)az(xi. ) =0,

fia(xi cr) + yaa(xp. e )t =0, (B.26)

for ¢, > 6p>.
Proof of Proposition 2

Suppose that the firm issues risky debt (c;* > 6;;). We then ob-

tain xi** and c* by solving (B.23). Differentiating (B.23) with dxi,

dc;, and d(Ak) yields
dxi XN B-y) )i B MLy, 4
Al L) = L Y (—=)Y ——Id(Ak), B.27
(68) - (57) el st o)
=:B>0

where A is defined in (B.24). Solving (B.27) with dxiL and c; yields

dX}_ _1 i—1 82] 1 821
d(Ak) —m{—’% (/3—1/)37%+VCL axc, }B. (B.28)
>0 <0
v g s a9)
d(al “TA TV G T e 1P '
>0

<0

where we employ (82)/dc?) <0 and (d?%]/dxidc;) = 0. It is chal-
lenging to show the signs of (B.28) and (B.29) analytically. As
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long as we have solved (B.28) and (B.29) numerically, the signs
of (B.28) and (B.29) are positive and negative, respectively. See
Fig. 10 for numerical calculations.

Suppose the firm issues risk-free debt (c;* = ;7). We then ob-
tain xiLf* by solving fio(x}) + (B — ¥)ay (xi.6;1) = 0. Differentiating
with x; and Ak yields

i
XL

Yo )
_(,3_1)v_(ﬁ_y)<a> (ﬁ(l—a)kﬂ—%Akl)xxi dxi =
L

=(B-1ywd +B (T (1-a)k 1)1

_ B -y)m (X'L 9L1)

Ak d(Ak), (B.30)
leading to
<0 >0
d, _ (y-DE-Dr-pIc(d -k —1)
d(Ak) == Ak, (B31)

(B-y)a(x,601)
—_—
>0

where (1 —«a)k; < 1. For a small k;, the sign of (B.31) is posi-
tive, because the first term of the numerator dominates the second
term. For a large k;, the sign of (B.31) is negative, because the sec-
ond term of the numerator dominates the first term. Furthermore,
¢ :=01 =r(1 —a)k.l decreases with Ak because an increase in
Ak corresponds to a decrease in k;.

Appendix C. Related study of Shibata and Nishihara (2010)

As a benchmark, we derive the solution in Shibata and Nishi-
hara (2010). They assume a source of asymmetric information at
the time of investment rather than liquidation. Under this as-
sumption, asymmetric information does not affect the leverage and
credit spread.

They assume complete irreversibility of investment (i.e., k = 0).
Debt is risky because ¢ > 6; = 0. This assumption simplifies the
debt and total firm values as

¢y, X(t)

Cc
DX(t).) = £+ {(1 —ywx'(c) - ;}(Xd—(c))y, (c1)
TC TCc, , X(t)
VX(t).0) =vX(t) + — — {avxd+7}(xd(c))y. (€C2)

Moreover, they assume the source of asymmetric information is
the investment cost I, which takes I; (low cost) or I, (high cost),
where Al :=1I, —I; > 0. Under this assumption, the managers in I
aim to mimic the managers in I,. Thus, to prevent the mimicking,
the shareholders impose the incentive-comparative constraint as

(5)wi= (%2)5 (w2 + Al),

" (C3)
1

which corresponds to (15) in this study. We omit the description

of another incentive-compatible constraint, which corresponds to

(16) because it is automatically satisfied at the equilibrium. Using

similar arguments, the option value of the project under asymmet-

ric information is

0™ (%) = q(x%)ﬂ{V(xi;,c:) ~I}+ (1 -g)(
1

,gﬁ)‘g{wxa**, &)~k - 7oAl
(C4)

We compare (22) and (C.4). In (22), a distortion, an (x', ¢) depends
on x' and c. However, in (C.4), a distortion, (q/(1 — q)) Al is inde-
pendent of xiz and c,. These properties simplify the optimal invest-
ment trigger and coupon as
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Xt = xit = £ ¢ =ci = 1A,
Xlz =§(12+EAI)>X12 =§Iz, C2 =HX12 >C2=FX12’

(C5)

where & = (8v)/((B —1)v) > 0. Substituting x and c= (n/h)x
into D(x,c) and V (x, c) gives

D(x. (/M%) = {1+ {(1 —)e(1 — 1) — 1}h7} Ly,

h (C.6)

V(x, (n/h)x) = ¥ ux. (C.7)

From (C.6) and (C.7), asymmetric information does not affect the
leverage and credit spread (i.e., I5* =I5 and cs5* = cs3), which con-
trast with [* < I} and cs}* < cs} in this study.
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