Research Paper Series

No. 130

Investment timing, strategic debt service, and financing constraints

Takashi Shibatat and Michi Nishihara

October, 2013

tGraduate School of Social Sciences, Tokyo Metropolitan University



Investment timing, strategic debt service, and
financing constraints*

Takashi Shibata®’ and Michi NishiharaP¥

aGraduate School of Social Sciences, Tokyo Metropolitan University

bGraduate School of Economics, Osaka University

(First Version: October 8, 2013)

Abstract: This paper considers how financial frictions influence investment
threshold (timing) and financing decisions by introducing debt renegotiation
and endogenous investment quantity. We obtain four novel results. First, even
under debt renegotiation, investment thresholds have a U-shaped relationship
with financial frictions, while investment quantities do not vary according to
financing frictions. Second, when upper limit of debt issuance decreases, firms
tend to prefer to issue debt with renegotiation rather than that without rene-
gotiation. Third, financial frictions have the possibility of breaking down the
symmetric relationship between investment and financing decisions. Fourth,
upper limits of debt issuance decrease credit spreads and default probabilities.

Our theoretical results fit well with the stylized facts and empirical results.

Keywords: Real option; U-shaped investment threshold; debt financing

constraints; private workout.

JEL classification: G32; G33, G21.

*We thank seminar participants at AMMF 2013 (Angers), the Bank of Japan, the Chinese University
of Hong Kong, EURO 2013 (Rome), the Fields Institute, the Hong Kong University of Science and
Technology, and University College London for their helpful comments. This research was supported
by JSPS KAKENHI Grant Numbers 21241040 and 23310103 as well as TMU and the Ishii Memorial

Securities Research Promotion Foundation.
fCorresponding author. Tel.: +81 42 677 2310; fax: +81 42 677 2298. Email: tshibata@tmu.ac.jp
!Email: nishihara@econ.osaka-u.ac.jp



1 Introduction

Modigliani and Miller (1958) argue that in a frictionless financial market, investment and
financing decisions are completely irrelevant. Once financial frictions are introduced, how-
ever, investment and financing decisions are not necessarily separate from each other. In
contemporary corporate finance, how financial frictions influence the interaction between
investment and financing decisions is an important subject.!

Brennan and Schwartz (1984), Mauer and Triantis (1994), and Sundaresan and Wang
(2007) examine investment and financing decisions in contingent claim models. These
models are developed in a frictionless financial market. Boyle and Guthrie (2003) and
Nishihara and Shibata (2013) investigate investment and internal financing decisions by
incorporating financing constraints. In contrast, Wong (2010) and Shibata and Nishihara
(2012) investigate investment and external (debt) financing decisions by introducing fi-
nancing constraints. An interesting result of these papers is that investment strategies
are nonmonotonic with financial frictions.?

In this article, we extend Sundaresan and Wang (2007) to incorporate financing friction
and endogenous investment quantity. In addition, our model extends that of Wong (2010)
by incorporating debt renegotiation. He does not examine debt renegotiation during
periods of financial distress, assuming that debt holders are disperse (e.g., public debt).
However, if debt holders are not disperse (e.g., private debt), debt holders are willing to
reorganize debt during periods of financial distress, with equity holders to avoid costly
liquidation. Thus, our contribution is to show the effects of financing friction, endogenous
investment quantity, and debt renegotiation on the interaction between investment and
financing decisions.

In this paper, we base our analysis on a dynamic real options model in which invest-
ment and financing decisions are endogenously determined. We consider the following
model. A firm has an investment opportunity. By exercising this opportunity, the firm
obtains the stochastic cash in-flows defined by the product of the constant quantity and

the price following a geometric Brownian motion. The investment quantity is constant and

! An incomplete list includes Gomes (2001), Clementi and Hopenhayn (2006), Hennessy and Whited
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2See Cleary et al. (2007) for an empirical analysis.



is endogenously determined, in that an increase in the quantity increases the cash in-flows
as well as the investment cost at the time of investment. To finance the investment cost,
the firm issues a mix of equity and debt. As in Sundaresan and Wang (2007), we assume
that the debt is reorganized during a period of financial distress through renegotiation
between equity and debt holders. These are general descriptions after investment. Then,
by drawing up any stochastic scenario, equity holders determine the value-maximizing
investment threshold (timing), investment quantity, and amount of issued debt (coupon
payment). The most important assumption is that the amount of issued debt is restricted
to a certain exogenous upper limit. The relevance of this assumption is based on risk-
shifting. Debt holders are reluctant to lend beyond a certain upper limit because issuing
debt encourages risk to shift from equity to debt holders (see Jensen and Meckling (1976)).
Our model addresses three key questions. First, how does the debt issuance upper limit
influence the interdependence between investment and financing decisions? Second, how
does debt renegotiation during periods of financial distress affect the relationship between
investment and financing decisions? Third, how does the endogenous investment quantity
influence the relationship between investment and financing decisions? Consequently, we
examine the effects of financial friction, debt renegotiation, and endogenous investment
quantity on the interdependence between investment and financing decisions.

Our model provides the following four novel results. First, investment thresholds
(the first of the three solutions) have a U-shaped relationship with the upper limit of debt
issuance, even when equity holders renegotiate the debt contract with debt holders during
financial distress. Although Wong (2010) and Shibata and Nishihara (2012) have already
demonstrated the U-shaped relationship, they do not consider debt renegotiation during
financial distress. Thus, even under debt renegotiation, the U-shaped relationship between
investment thresholds and financial frictions is a new result. The intuition behind this
finding is as follows. Suppose that the upper limit of debt issuance is binding. Relaxing
the upper limit increases the debt which generates two conflicting effects. The first effect
is to increase the threshold by increasing the debt. The reason for this is that the debt
increases as a function of the threshold. We call this effect the “financing constraint
effect.” The second effect is to decrease the threshold by increasing the debt. This is

because an increase in the debt enables a constrained firm to raise its leverage, which leads



to a decrease in the threshold. We call this effect the “leverage effect.” When the limit is
sufficiently low, the second decreasing effect dominates the first increasing effect. When
the upper limit is close to the bound that is not constrained although it is constrained, the
first increasing effect dominates the second decreasing effect. When the limit is sufficiently
high, the constraint is immaterial, implying that the constrained threshold is the same
as the nonconstrained threshold. Thus, we observe the U-shaped relationship between
investment thresholds and financing frictions. The U-shaped curve implies that it is
possible for the constrained thresholds to be smaller than the nonconstrained thresholds.
We show that, on the other hand, the investment quantity (the second of the three
solutions) does not vary according to financing frictions, and that the coupon payment
(the final of the three solutions) is monotonically increasing with financing frictions. That
is, the investment thresholds are not between those of the two extreme cases (all-equity
financing and nonconstrained debt financing), while the investment quantities and coupon
payments are between those of the two extreme cases. Consequently, it is less costly to
distort the investment thresholds than the investment quantities and coupon payments.
Second, to consider the effects of debt renegotiation, suppose that equity holders have
a choice between debt with and without renegotiation. If equity holders issue debt with
renegotiation, equity holders reorganize the debt during periods of financial distress by
negotiating with debt holders (i.e., the firm continues operating). If equity holders issue
debt without renegotiation, on the other hand, since equity holders do not have the option
to reorganize the debt, the firm is liquidated during the period of financial distress (i.e.,
the firm stops operating). Although our intuition is that equity holders always prefer to
issue debt with renegotiation, this is not always correct. As shown in Sundaresan and
Wang (2007), equity holders prefer to choose debt without renegotiation for cases in which
volatility is low and debt holders have low bargaining power (equity holders have high bar-
gaining power) during the period of financial distress. We show that as the upper limit of
debt issuance becomes more severe, equity holders become more likely to issue debt with
renegotiation. Thus, a decrease in the debt issuance upper limit significantly influences
the probability that equity holders will issue debt with renegotiation. In practice, firms
with lower (higher) debt issuance upper limits are generally small/young (large/mature)

corporations, and debt with (without) renegotiation is regarded as bank (market) debt.



Based on these definitions, our result implies that small/young (large/mature) corpora-
tions are more likely to issue bank (market) debt. This segmentation is broadly consistent
with the stylized facts and the empirical findings of Blackwell and Kidwell (1988), Denis
and Mihov (2003), and Rauh and Sufi (2010).

Third, suppose that equity holders have the option of choosing between two types of
debts: debt with or without renegotiation. Financing constraints distort the symmetric
relationship between the equity option value and the investment threshold. Under no fi-
nancing friction, there is a symmetric relationship: if the investment thresholds are smaller
under debt with renegotiation than under debt without renegotiation, equity values are
larger under debt financing with renegotiation than under that without renegotiation (i.e.,
equity holders prefer debt with renegotiation to that without renegotiation). We show
that under financing friction, however, even though the investment thresholds are smaller
under debt with renegotiation than under that without renegotiation, equity values may
be larger than debt financing without renegotiation than that with renegotiation (i.e., eq-
uity holders may prefer debt without renegotiation). Thus, debt issuance limit constraints
have the possibility of breaking down the symmetric relationship between investment and
financing decisions.

Finally, we show that severe debt issuance upper limits lead to low risks (low default
probabilities) and low returns (low credit spreads) for debt holders. In addition, we show
that the credit spreads and default probabilities for debt with renegotiation are higher
than those for debt without renegotiation. Notably, even when equity holders prefer to
issue debt with renegotiation, the credit spreads and default probabilities for debt with
renegotiation are relatively high compared with those for that without renegotiation.
These results fit well with the empirical results of Davydenko and Strebulaev (2007).

The remainder of the paper is organized as follows. Section 2 describes the setup of our
model. Section 3 provides the solution to our model and examines its properties. Section
4 considers the effects of debt renegotiation. Section 5 concludes. Technical developments
are included in two appendices. Appendix A provides proofs of the results in the paper.
Appendix B contains the solutions to the optimization problem for a firm that is financed

by debt without renegotiation and subject to issuance limits.



2 Model

In this section, we begin by describing the model. We then provide the value functions
after investment and formulate our model as the investment problem for a firm financed
by debt with issuance limit constraints. As a benchmark, we derive solutions for two
extreme cases in our model. One is the problem of an unlevered firm (i.e., a firm that
is completely financed by equity). The other is the problem of a nonconstrained levered

firm (i.e., a firm that is financed by debt without issuance limit constraints).

2.1 Setup

Equity holders possess the option to invest in a single project at any time. If the invest-
ment option is exercised at time ¢, equity holders receive an instantaneous cash in-flow
0X; after time ¢t. Here, X; is the stochastic price and is given by the following geometric

Brownian motion:
dX; = pX,dt + JXtdz;@, Xo=x2>0, (1)

where 1 > 0 and ¢ > 0 are positive constants and z? denotes a standard Brownian
motion defined by a risk-neutral probability space (22, F, Q). For convergence, we assume
that r > u, where r > 0 is the risk-free interest rate. We assume that the current price
level Xy = x is sufficiently low such that equity holders do not undertake the investment
immediately.

Alternatively, 6 > 1 represents the project quantity and affects a one-time fixed in-
vestment cost denoted by I(d5). We assume that the investment cost () satisfies the
conditions I(1) > 0, I'(d) > 0, and I"(§) > 0 for any 6. These conditions are intuitively
reasonable. The first condition states that the investment cost is required to initiate the
project. The second and third conditions mean that () is strictly increasing and convex
in 0. Note that at the time of investment, § is endogenously chosen to maximize the firm’s
profits. To ensure a unique optimal solution for ¢, we further assume that the elasticity

of the investment cost to project quantity, d1'(0)/I(6), is increasing with ¢.



2.2 Value functions under all-equity financing after investment

In this subsection, we provide the value function under all-equity financing. Let us denote

133
1

by T; the investment time, where the superscript and the subscript “0” indicate the
investment strategy and all-equity financing, respectively. Mathematically, the investment
timing is defined as Tp = inf{s > 0, X, > i}, where z, denotes the associated investment
threshold.

We now assume that any time ¢ > T3, which means that the investment is exercised.

The equity value of the all-equity financed firm after investment is defined by
+00
EY [ / e "1 — 1)8p X, dt| = T8, X, (2)
t

where ]Et@ denotes the expectation operator at time ¢, 7 > 0 represents the corporate tax,
and IT := (1 — 7)/(r — p) > 0. Note that Jy is the investment quantity under all-equity

financing, which is endogenously determined.

2.3 Value functions under debt financing after investment

This subsection provides the value functions after the debt is issued at the time of invest-
ment.

We assume that the firm issues risky debt at the time of investment. For analytical
convenience, we limit the condition that the risky debt is perpetual. If the firm issues
the debt, equity holders obtain 6;X; — ¢;, where 0; is the investment quantity under
debt financing and ¢; > 0 is the coupon payment. Once X; becomes sufficiently small
after investment, the firm should be liquidated because equity holders cannot pay c;.
Following previous research such as Leland (1994), because there is a liquidation cost
defined by alld; X;, where a € (0, 1), debt holders collect the residual value (1 —a))I10; X.
Then, since liquidation (formally bankruptcy) is costly, when X, is small after investment,
debt holders will renegotiate the terms of the debt contract with equity holders. As in
Sundaresan and Wang (2007), we assume that equity and debt holders negotiate and
divide the surplus generated by avoiding liquidation between them. Thus, during periods
of financial distress, the coupon payments to debt holders are reduced through a costless
private workout.

Let us denote by 71 and T the investment (indicated by superscript “i”) and coupon

6



switching (indicated by superscript “d”) timings, respectively. Mathematically, the in-
vestment and coupon switching timings are defined as 7} = inf{s > 0,X, > 2!} and
T¢ = inf{s > T}; X, < 28}, where 2} and z{ denote the associated investment and
coupon switching thresholds, respectively. Let us denote by E{ (X¢, 1, 01), D{ (X¢, €1, 01),
and V{ (X,, ¢, 01) the equity, debt, and total firm values, respectively (j € {a,b}). Here,
the superscripts “a” and “b” indicate the normal and bankruptcy (coupon reduction)
regions, respectively.

The left-hand side panel of Figure 1 depicts the scenario for debt financing. Recall
that the initial value Xy = x > 0 is sufficiently small. Once X, increases and arrives at
the investment threshold (higher boundary) z}, equity holders exercise the investment by
issuing debt. After the investment, if X is decreased and reaches the coupon switching
threshold (lower boundary) z¢, the coupon payments are reduced through negotiations

between equity and debt holders. Moreover, if X; arrives at 29 from below, the reduced

coupon payments are changed to normal coupon payments.
[Insert Figure 1 about here]

For any time ¢t > T}, the equity an debt values in the normal region are respectively

defined by

Ela(Xtaclaél) (3)
g .
— sup E2 [ / eI (1 - 7)(1.X, — en)du + e TV EY (X, e, 51)],
Td>t ¢
T}
DX, ¢1,0,) =B [ / e " Neydu+e "I DY (X, e, 51)]. (4)
t

The equity and debt values in the bankruptcy region are respectively given by

E{)(Xtacla(sl) (5)

Ty
=E? [/ e "I ((1 = 7)8, X, — 5(Xy, 00))du + e "D EN X, 04, 51)],
¢ 1
Ty
DP(Xy, ¢1,6,) = B2 [ / e_’"(“_t)s(Xu,él)du+e_’"(Tf1_t)Df(XTld,cl,61)], (6)
t

where s(Xy, 1) is the reduced coupon payment in the bankruptcy region. The total firm
value is defined by Vlj(Xt, c1,01) = E{(Xt, c1,01) + D{(Xt, c1,01) (j € {a,b}).



We begin by calculating the total firm values. Through the standard variation princi-

ple, we obtain the following differential equations:

rVi(z, ¢, 01) (7)
=1 -71)hx+ 701 + ,ux—avla(gxcb o) + %02352—82‘/1&%2;1’ 61), X, > 2,
rVP(x, ¢y, 01) (8)
=(1—7)0x+ M:L“—a‘/lb(:g’;l’ o) %a%? 82‘/1]0(82201’ 51), X, <2,

subject to the boundary conditions:

a‘/la(xa Cq, 51)
ox

_ a‘/lb(xa C1, 51)

m:w'f al‘

‘/la(x(li? €1, (51) = ‘/lb(x(li7 C1, 61)7

T=T

Thus, V3(z,c1,01) and V°(z, ¢1,6,) are obtained through
a TCt 15} Xi\7
Vi (X er,01) = 16X + o (1 - B——V(SU_?) )7 X, > af, (10)
Ter v (Xi\#
VP(Xp e,00) = TI6 X, - T B—~ (x_‘f) Xy <, (11)

where 3 :=1/2 — p/o?+ ((u/o? —1/2)2+2r/0?)/?2 > 1 and v := 1/2 — pfo? — ((u/0? —
1/2)? +2r/o?)Y/? < 0.

We then derive the reduced coupon payment in the bankruptcy region. Let us denote
by n and 1 — n the bargaining powers of equity and debt holders, respectively. As in the
derivations in Fan and Sundaresan (2000) and Sundaresan and Wang (2007), the reduced
coupon payment in the bankruptcy region, s(Xy, 1), is given by

s(Xp,61) = (1 —an)(1 —1)6X;, X <l (12)

The reduced coupon payment s(x,d;) is a linear function of x with lim, s(z,d,) = 0.
The lower the state variable x, the lower the reduced coupon payment s(z,d;). This
means that equity and debt holders do not need to consider liquidation once it is in the
negotiation region.

Equity and debt holders negotiate and divide the surplus to prevent wasteful liqui-
dation. The incremental value for equity holders is wV”(Xy, ¢1,d;) while that for debt
holders is (1 —w)V(Xy, ¢1,61) — (1 —a)I16; X;. The division of the surplus between equity

and debt holders depends on their relative bargaining powers. Using Nash bargaining,



the fraction of total firm value that equity holders receive from renegotiation satisfies

1-n

n
w(Xy,¢1,01) = argmax (leb(Xt, 01,51)) ((1 — w)Vlb(Xt, c1,01) — (1 — a)H(SlXt)

n(l — a)lls; X,
= pn— i 13
7 ‘Gb(Xtacla(sl) ( )

Thus, the sharing rules are

E}J(Xt; C1, 51) = 77V1b(Xt, C1, 51) - 77(1 - O‘)H51Xt

_ _Ta o (XY

B n(aH(SlXt T 5—7<xf11> )’ (14)
DY (Xpye1,61) = (1=n)VP (X, e1,60) + (1 — )16, X,

- - a2 (N

= (L=—ananX, - (1=t () (15)

where X; < 29, Moreover, the equity value in the normal region, E2(X;, c1,d;) in (3), is

rewritten as

Ela(Xtacla(sl) (16)

B L a a_C Xi)?
_n;?xl'MIXt (1 T)r ((1 an)I10;z9 7“(1 T Tﬁ_/}/))<1‘(11>‘

The optimal coupon switching threshold is chosen to satisfy F%/dz{ = OEY/0x¢, i.e.,

C1

(17)

27?(01,51) = Ea

where k1 == (v — 1)(1 — an)lIr/(y(1 — 7(1 — n))) > 0. Note that 2$(c;,d;) is a linear
function of ¢; with lim,, o #¢(cy, ;) = 0, which implies that lim,, jo E2(X, ¢1, 1) = 116, X,

The debt value in the normal region, D%(Xy, ¢1,d1) in (4), is given by

D} (X, e1,61) = % + ((1 — an)I16,7¢(cy, 01) — %(1 — T+ Tﬁ f i Tﬁnjfy)) (xcli(Xt ))7‘(18)

It is straightforward to obtain lim,, o D(X;, ¢1,601) = 0.

2.4 Investment problem for a constrained levered firm

In this subsection, we formulate the optimization problem for a constrained levered (debt-
financed) firm.

We assume that the firm’s debt issuance limit is constrained, i.e.,

D%(xila C1, 51)

6, <q, (19)



for some constant ¢ > 0. The left-hand side of inequality (19) represents the ratio of
debt value to the cost at the time of investment. Thus, inequality (19) implies that
the debt issuance upper limit is restricted. Constraint (19) might arise because of the
risk-shifting problem. Because issuing debt encourages risk to shift from equity to debt
holders, debt holders are reluctant to lend more than a certain amount (see Jensen and
Meckling (1976)). The parameter ¢ imposes restrictions on the firm’s debt issuance limit.
The lower the ratio ¢, the more severe the debt issuance constraint. In the extreme case
of ¢ = 0, the firm is not allowed to issue debt. Conversely, when ¢ is sufficiently large,
the debt issuance constraint is immaterial. Note that we have assumed that ¢ € [0, +00),
not ¢ € [0,1]. The reason for this is that the levered firm has the possibility of issuing the
amount D(x!, ¢y, d;), which is greater than the amount 7(d;), to maximize its value. The
case of D¥(x!,cy,81)/I(6;) > 1 implies that the excess is distributed to equity holders as
a dividend.

Let us denote by Ei*(z) the equity option value of the constrained levered firm be-
fore investment, where the superscript “xx” represents the optimum for the constrained
problem. The equity option value is defined as

Bi*(a) = sup BY | B (Xyp,e1,600) — (1) = DiXpoena) | (20)

T7i,c1,01

subject to (19), where we assume that debt is fairly priced. Using the standard arguments
in Dixit and Pindyck (1994), we have EZ[e™""1] = (x/2})?, where 21 > 2 > 0.

The optimization problem for the constrained levered firm is formulated as

g = max (2 en0) - 160}, (21)

@ier,d1 NI
D%(xlla C1, 51)

1(6y)

subject to <4q, (22)

where x < x1. Note that the triple (21, ¢, 1) is endogenously determined.

When ¢ = 0, our problem is the investment decision problem for an unlevered (all-
equity financed) firm. When ¢ is sufficiently large, our problem is the investment decision
problem for a nonconstrained levered firm.

Before solving our problem, we first briefly review two extreme cases.

10



2.5 Investment problem for an unlevered firm

In this subsection, we assume that ¢ = 0, i.e., D¥(2,¢;,d;) = 0. This problem is the ex-
tended version of the seminal model of McDonald and Siegel (1986), in that the investment
quantity is endogenously determined.

Let us denote by Ef(z) the equity option value of the unlevered firm before investment,
where the superscript “x” represents the optimum for the nonconstrained problem. The
optimization problem for the all-equity financed firm is given by

Ei(z) = max <£i)ﬂ{H50xB - 1(50)}, (23)
00 \Tg
where x < x). Note that we have used the fact that E?(z,0,dy) = IIdpz. We then obtain

the following.

Proposition 1 Consider the optimization problem for an unlevered (all-equity financed)
firm. The solutions and value are

si=0, ap =210 g = (2) 0 - 1w, 1)

Ty

where x < x and §* is implicitly defined by satisfying

g 0tI'(0%)

9::5_1_ 1(6%)

(25)

Note that zi¥ is obtained through §*. We use these solutions and values as a benchmark.

2.6 Investment problem for a nonconstrained levered firm

In this subsection, we assume that ¢ is sufficiently large (¢ T +00). This problem is
similar to the extended model of Sundaresan and Wang (2007) in that the investment
quantity is endogenously determined. Let us denote by Ef(z) the equity option value of
the nonconstrained levered firm before investment. The problem for the nonconstrained
levered firm is formulated as the only one equation of (21) by removing inequity (22),

where the superscript “xx” is changed to “x.” The solutions and value are as follows.

Proposition 2 Consider the optimization problem for a nonconstrained levered (debt-
financed) firm. The solutions are obtained through

K1

=

5 =07, x‘f‘ = 7,/)1%*, c 5*xi1*, (26)

11



where

(B =1/ . T(1l—an) 1\t
hy = (—3_7(1—7)) > 1, gy = (1+—1—T(1—77)h_1> <1 (27)
The equity option value is given by
g
Bi(2) = v "Ei(2) = (&) (0= 1)I(5"), (28)

1

where x < x}".

Note that 67 = & = §* and zi* < zi¥. In addition, we find that E}(x) > Ej(x) because
Yy < 1 and B > 1. We refer to this property as the “leverage effect.” See Myers (1977)
for more detail.

The right-hand side panel of Figure 1 depicts the equity option value Ej(x) with the
state variable x (k € {0,1}). We see that z1* < zl¥, Ef(z1) = Eg(2if) = (0 — 1)I(6*) and

FEi(z) > Ej(z), where z < zi*.

3 Model solution

In this section, we provide the solutions to our problem, which was described in the
previous section. We then discuss some properties of the solutions.

Recall that there are three control variables (zi**,ct*, §;*) in our problem. We can
intuitively determine the properties of our solution. Our intuitive conjecture is that
i e 2l ], ¢ € [0, ¢t], and §7* > §*. The first and second conjectures signify that
the investment thresholds and coupon payments are monotonic with the debt issuance
upper limit ¢. The final conjecture indicates that the investment quantity for a constrained
levered firm is larger than that for a nonconstrained levered firm. The reason for this is
that an increase in ¢; enables the constrained levered firm to raise the debt issuance
amount ¢I(d;). However, these conjectures are not always correct.

The following proposition provides one component 0;* of the solutions (the proof is

given in Appendix A).

Proposition 3 Consider the optimization problem for a constrained levered firm. In this
case, 07 = 6*. There exists a unique 7} satisfying

D%(xrl)a €1 (1‘[1)7 6*)7 6*)
I(6%)

=q, (29)

12



where ¢i(x,0%) = k16" x/h = argmaz, VP(Xy, c1,6%).% Then, if zi* > af, the firm is

financially constrained. Otherwise, it is not.

*

Interestingly, contrary to our intuition, the statement 67" = ¢* implies an invariance
of §7* with ¢. However, this result is similar to that of Wong (2010), in which debt
renegotiation (strategic debt service) is not permitted during periods of financial distress.
Thus, we demonstrate that the investment quantity does not vary with the debt issuance
limit even under debt renegotiation. The second statement implies that, by comparing the
magnitudes of zi* and z, we recognize whether the debt issuance constraint is binding.

Using these properties, the following proposition yields two other components of the

solutions, 1™ and ¢}* (the proof is given in Appendix A).

Proposition 4 Consider the optimization problem for a constrained levered firm. Sup-
pose that x'* > 2} > 0. For 2} =0, we have that 23** = zi¥ and ¢;* = 0. For 2} > 0, the

solutions 1 and ¢t* are determined uniquely by solving two simultaneous equations:

i rroro s MRl o DRTUCICE
where fi1, fi2, fis, fi4, and @1 are given by

I e (B (L ) (31)

fo = (ML) e, (32)

fs = (1- (%ﬁ**)v(l - v)%), (33)

fuo= 2= (MY -, 39)

o, = %(1—7’+7’6€7—76n—77>—(l—an)%. (35)

Suppose, on the other hand, that z'* < z7. We obtain '** = 2'* and ¢* = c;. Substituting

the solutions into the equity value before investment yields

B ) = () (Ve o) - 169} (36)

Ty

*

where © < x'**. In particular,

Ei(2) = lim B{*(2) > By*(v) > lim B{* (2) = Ej (x). (37)

gt+oo ql0

3This result is obtained by Leland (1994). Note that ¢ = ¢;(z'*,6*) in (26).
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To consider the properties of the solutions, we consider numerical examples. In order

to do so, the investment cost function is assumed to be
1(8) = Iy + &*. (38)

Suppose that the basic parameters are r = 0.09, p = 0.02, Iy, = 4, 7 = 0.15, a = 0.4,
oc=0.2,17=1,and x = 0.4. Under the basic parameters, 6* = 8.3631 and x < 2\** for

any q.
[Insert Figure 2 about here]

The top left-hand side panel of Figure 2 depicts the investment thresholds with the
debt issuance upper limit q. According to Proposition 3, a firm is financially constrained
if ¢ < 1.0040 (i.e., z¥* < ) and is not otherwise. For ¢ = 0, zi** = zi¥. When ¢ is
sufficiently large, 21** = 2'*. Interestingly, #1** has a U-shaped relationship with ¢, i.e., z\**
is decreasing with ¢ for ¢ € [0, 0.8205] while it is increasing with ¢ for ¢ € (0.8205, 1.0040].
This result is contrary to our intuition because x'** is not always between z'* and i,
ie., 2t < zi* for ¢ € (0.4683,1.0040), implying that the investment is accelerated (the
investment threshold is decreased) when the firm is financially constrained.

The U-shaped relationship of investment with friction is the same as that found in
Wong (2010) and Shibata and Nishihara (2012). However, since these studies do not
consider debt renegotiation during periods of financial distress, firms are liquidated when
the state variable arrives at the bankruptcy threshold. Thus, we demonstrate that the
U-shaped relationship is obtained even under debt renegotiation. The intuition behind
the U-shaped relationship with ¢ is as follows. An increase in ¢ increases the debt value
Di(xi,c1,61). Then, two conflicting effects influence the shape of the investment thresh-
old. First, an increase in D®(2, ¢;, ;) increases zt because D3(z,c1,d;) is increasing with
x. We call this effect the “financing constraint effect.” Second, an increase in D3(z1, ¢, 01)
decreases z\ via (z/21)?{E3(2, ¢, 6;) — (I(8;) — D2(al, c1,81))}. This effect corresponds
to the previously defined “leverage effect.” Thus, whether an increase in D3(z}, ¢y, ;) in-
creases or decreases z; depends on the magnitude of these two conflicting effects. For low
values of ¢, an increase in ¢ decreases x' because the latter effect dominates the former.

For high values of ¢, by contrast, an increase in ¢ increases x; because the former effect

dominates the latter. Consequently, o' has a U-shaped relationship with q.
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The top right-hand side panel of Figure 2 demonstrates coupon payments ¢; with
g. We observe that c* is monotonically increasing with ¢. The middle left-hand side
panel shows the invariance of investment quantities d;* = ¢* with ¢. We confirm the first
statement of Proposition 3.

The next observation summarizes one property of the solutions to our model.
Observation 1 First, 2i** has a nonmonotonic relationship with q. Second, ¢i* is mono-
tonically increasing in q. Finally, 7% = 0*.

From the first and second statements, x** is not always in the regions of [z*, z¥],
although c¢}* is always in the regions of [0, ¢i]. Consequently, it is less costly to distort
o™ away from the regions of [21*, z¥] than to distort ¢{* away from the regions of [0, cf].

The middle right-hand side panel depicts the equity option value before investment
with ¢. We see that E}*(z) is monotonically increasing with ¢ with lim, o Ef*(x) = Ej(z)
and limg, oo E1*(x) = Ef(x). This numerical simulation confirms the second statement

in Proposition 4.

The credit spread and default probability are defined as

. C] . ajij Y
cs] = ————— —r, pl=(—F—), jE{xxx 39
R e R i terreivs) KRR (#9)

respectively. Note that these two measures are regarded as measures of return and risk for
debt holders. The bottom left- and right-hand side panels of Figure 2 illustrate the credit
spreads and default probabilities with g. We find that the debt issuance limit constraint

causes a decrease in credit spreads and default probabilities, i.e.,
syt <esy, Pt <py (40)

Regarding the first inequality, the debt issuance constraint causes a lower decrease in the

1xx

coupon ¢;* than in debt value D (™, ¢;*,0%). The implication of the second inequality is
that, because v < 0, the distance between z1** and z¢(c}*, §*) is larger than the distance
between zi* and z¢{(c},d*). This implies that a constrained levered firm is less likely to
default than a nonconstrained levered firm. Thus, the more severe the debt issuance
bounds, the lower the credit spreads and default probabilities are. These links between
risk and return are the same as those traditionally suggested in the literature and also

match the results of Gomes and Schmid (2010). The following characterizes the properties

of financing constraints.
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Observation 2 Debt financing constraints lead to a low-risk (low-default probabilities)

and low-return (low-credit spreads) situation for debt holders.

Finally, to understand the effects of investment quantity J, we compare the solutions
for optimal 6* > 1 and fixed § = 1. We write the solutions as a function of §, e.g., z1**(6*)
and z1**(1). In this case, the former is the investment threshold for an optimal §* while
the latter is the investment threshold for a fixed 6 = 1. The left-hand side panel of Figure
3 represents z1**(6*) and 2'**(1) with ¢q. We observe that zi**(6*) > 2**(1). However,
note that the firm is financially constrained if ¢ < 1.0040 for both an optimal 6* > 1
and a fixed § = 1. These results imply that an increase in § does not change the firm’s
financially constrained region of ¢. The right-hand side panel presents cs;(6*), ¢s1(1),
p1(6*), and pi(1). We observe that ¢s1(6*) = ¢s1(1) and p1(0*) = p1(1). Thus, ¢s; and p;

are invariant with 4.

[Insert Figure 3 about here]

4 Effects of debt renegotiation

In this section, we consider the effects of debt renegotiation. As shown in Sundaresan
and Wang (2007), interestingly, while renegotiation increases ez post total firm value by
preventing costly liquidation, renegotiation also induces a cost on ex ante equity option
value. It is therefore possible for equity holders to prefer to issue debt without renegotia-
tion, depending on key parameters such as volatility o, bargaining power 7, and financing
friction q.

To understand the effect of debt renegotiation, we compare our solutions with those of
Wong (2010) and Shibata and Nishihara (2012), which consider the investment problem
for a firm financed by debt without renegotiation. We denote by (xi*, c3*, 63*) and E3*(z)
the solutions and value for the firm financed by debt without renegotiation (indicated by
the subscript “2”). See Appendix B for the solutions and values.

Subsection 4.1 considers whether equity holders prefer to issue debt with or without
renegotiation. Subsection 4.2 investigates the distortion of debt financing limit constraints

caused by the presence or absence of debt renegotiation. Subsection 4.3 examines credit
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spreads and default probabilities for debt having the option for renegotiation. Subsec-
tion 4.4 demonstrates the invariance of investment quantity in relation to debt structure

choices.

4.1 Preference for debt renegotiation

This subsection considers whether debt with or without renegotiation is preferred to issue
by equity holders. We cannot analytically determine which is larger, E}*(z) or E}*(z).
We will examine their magnitudes by using numerical examples.

The upper left-hand side panel of Figure 4 depicts the regions of Ej*(z) > E3*(x)
in (n,0) space. The three lines indicate the boundaries of Ef*(z) = E3*(x) for ¢ = 2,
g = 0.8, and ¢ = 0.6. Under the basic parameters, the boundary for ¢ = 2 is the same
as that for ¢ T 400 (i.e., that for a nonconstrained levered firm). For the regions of
larger o and smaller n, in contrast, E;*(z) > F3*(x), i.e., equity holders prefer to issue
debt with renegotiation. For the regions of smaller o and larger n, E3*(z) > E}*(x), i.e.,
equity holders choose debt without renegotiation. Importantly, a decrease in ¢ enlarges

the regions in which E}*(x) > E3*(xz). We summarize these results as follows.
[Insert Figure 4 about here]

Observation 3 Whether debt with or without renegotiation is issued depends on the com-
bination of three key parameters: q (friction), n (bargaining power), and o (volatility).
As the debt issuance limit decreases, equity holders become more likely to issue debt with

renegotiation.

The other three panels of Figure 4 show the equity option values with ¢. The param-
eters of the upper-right, lower-left, and lower-right panels correspond to those of Points
A, B, and C of the upper-left panel, respectively. In the upper-right panel, equity holders
prefer debt without the option for renegotiation for all ¢. In the lower-left panel, equity
holders prefer debt with the option for negotiation for ¢ < ¢ = 0.7357, but that without
the option for renegotiation for ¢ > ¢. In the lower-right panel, equity holders prefer debt
with the option for renegotiation for all q.

These results are mostly related to the stylized facts. Following Bulow and Shoven

(1978), Gilson et al. (1990), Gertner and Scharfstein (1991), Hart and Moore (1995),
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Bolton and Scharfstein (1996), and Hackbarth et al. (2007), debt with renegotiation is
regarded as bank debt, while debt without renegotiation is thought of as market debt.
According to the definition of Rajan (1992), firms with larger ¢ and smaller o approximate
large/mature corporations. Based on this definition, our results imply that large/mature
(small/young) firms are more likely to issue market (bank) debt. Thus, our results fit well
with the empirical findings of Blackwell and Kidwell (1988), Denis and Mihov (2003), and
Rauh and Sufi (2010).

4.2 Distortion of symmetric relationship

In this subsection, we consider the symmetric relationship between investment and financ-
ing decisions.

As a benchmark, suppose that ¢ is sufficiently large (¢ 1 +00). Then, we have

where ¢; < 1 and 1, < 1 are given by (27) and (B.7), respectively. Because 5 > 1, we

obtain the following result.

Lemma 1 Suppose that equity holders do not have a debt issuance limit constraint. Then,

there is a symmetric relationship, i.e.,
o <o if and only if Ej(x) > Ej(x). (42)

Lemma 1 implies that having the choice of debt structure (i.e., the choice between debt
with and without renegotiation) always increases the equity option value and speeds up
the investment (decreases the investment threshold) compared with having no choice of
debt structure. Thus, under no financial constraints, there is such an intuitive symmetric
relationship. However, under financial constraints, this relationship does not necessarily
hold.

The two top panels of Figure 5 show the effects of volatility, o, on the equity option
values and investment thresholds. The key parameters are assumed to be ¢ = 0.95 and
n = 1for o € [0.1,0.2]. Then, we have zi* > 2% (j € {1,2}), implying that the firm

is financially constrained by debt issuance bounds. In the top left-hand side panel, we

see that Ef*(x) < E3*(z) for o < 0.1642. In the top right-hand side panel, zi** > xi*
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for 0 < 0.1914. From these two results, we obtain E}*(z) > E3*(r) and zi** > zi* for

o € (0.1642,0.1914). Our finding is as follows.
[Insert Figure 5 about here]

Observation 4 When debt financing constraints are effective, there is not always a sym-

metric relationship between equity option values and investment thresholds.

Note that the finding in Observation 4 provides important new insights into the choice
of debt structure. Interestingly, when equity holders encounter a debt issuance limit con-
straint, having the choice of debt structure does not necessarily hasten corporate invest-
ment (i.e., does not necessarily decrease the investment threshold), although it always
increases the equity option value. As a consequence, we may obtain results that are
contrary to our intuition when financing constraints are binding.

In addition, when the debt issuance constraint is binding, it is possible for equity
holders to prefer to issue debt without renegotiation even though the investment threshold
under debt financing with renegotiation is smaller than that under debt financing without
renegotiation. That is, financial frictions distort the symmetric relationship between

investment and financing decisions.

4.3 Credit spreads and default probabilities

This subsection examines how the debt issuance limit influences credit spreads and default
probabilities.

The two middle panels of Figure 5 depict credit spreads and default probabilities. The
parameters of the middle left- and right-hand side panels correspond to those of Points A
and C in the upper left-hand side panel of Figure 4, in which the firm prefers debt with

and without renegotiation, respectively. In the two middle panels, we have
csyt > esyt, pit > pyt (43)

These inequalities imply that debt with renegotiation represents higher risks (high default
probability) and higher returns (high credit spread) compared with debt without renegoti-
ation. Importantly, irrespective of the equity holders’ preferred debt structure, the credit

spread and default probabilities for debt with renegotiation are larger than those for that
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without renegotiation. Regarding the first inequality, the ratio of ¢{* to D3(ai**, c}*, 5*)
is higher than the ratio of ¢j* to D3(z5*, c3*,6*), implying that the normal coupon of the
debt with renegotiation, cj, is relatively high compared to that of debt without renego-
tiation ¢*. The implication of the second inequality is that because v < 0, the distance

I3

is smaller than that between x5 and x

between z'** and z{** d** implying that firms
financed by debt with renegotiation are more likely to default than firms financed by debt

without renegotiation. These numerical simulations suggest the following observation.

Observation 5 The credit spreads and default probabilities for debt that can be renego-

tiated are larger than those for debt that cannot be renegotiated.

These findings are consistent with the empirical results of Davydenko and Strebulaev
(2007), who find that the possibility of strategic debt service increases corporate credit
spreads and default probabilities.

4.4 Invariance of project quantity in relation to chosen debt

structure

This subsection examines the effects of project quantity on the choice between debt with
and without renegotiation.

As a benchmark, suppose that ¢ T +oco. We have already obtained Ej(z;d) =
1/)]-_’3E6‘(x; §) (6 € {1,0*}). Note that 1); does not depend on 6. Under no financial

constraints,
E(r;0%) > Ep(x;0%) if and only if  E}(z;1) > Ep(z;1), (44)

for j and k (j,k € {1,2},j # k).

Suppose that ¢ < +00. Since we cannot compare these values analytically, we examine
them through numerical examples. The bottom panel of Figure 5 shows Ef*(z;§) and
Ex*(z;0) with o (j € {1,2}). For o = 0.1545, we see that E{*(x;6*) = E5*(z;0") and
Ef*(x;1) = E3*(x;1). We have Ef*(x;0%) < E3*(x;0*) and Ef*(x;1) < E3*(x;1) for
o < 0.1545, while E}*(x;0) > E3*(x;0) for o > 0.1545. Thus,

B (w;0%) > Ep(z;6%) if and only if  E}*(z;1) > Ep”(2;1), (45)
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for j and k (j,k € {1,2},j # k). This result indicates the invariance of the investment

quantity in relation to the chosen debt structure.

5 Concluding remarks

This paper examines the effects of financing friction, debt renegotiation, and endogenous
investment quantity in the investment timing decision problem for constrained levered
firms. In particular, we extend Sundaresan and Wang (2007) to incorporate debt financing
limit constraints and endogenous investment quantity as well as Wong (2010) to introduce
debt renegotiation during financial distress.

We obtain four new results. First, the investment thresholds have a U-shaped rela-
tionship with the upper limit of debt issuance. Interestingly, contrary to our intuition,
this result implies that the relaxation of financing constraints does not always acceler-
ate investment. However, the investment quantity does not vary according to the debt
financing upper limit. Consequently, debt issuance constraints distort investment timing.
Nevertheless, they do not lead to an efficient investment quantity.

Second, to consider the effects of debt renegotiation, suppose that equity holders have
the option of choosing between two types of debts: debt with and without renegotiation.
Then, as the debt financing limit becomes more severe, equity holders become more likely
to issue debt with renegotiation. Thus, a decrease in the debt financing limit significantly
increases the possibility that equity holders will issue debt with renegotiation. In practice,
firms with lower debt financing limits tend to be small/young corporations, and debt with
(without) renegotiation is regarded as bank (market) debt. Based on this definition, our
result implies that small/young corporations are more likely to issue bank debt. This
segmentation is broadly consistent with the stylized facts.

Third, financing constraints distort the symmetric relationship between the equity op-
tion value and the investment threshold. Under no financing friction, there is a symmetric
relationship: if the investment threshold is smaller under debt financing renegotiation than
under that without renegotiation, equity holders prefer debt with renegotiation to that
without renegotiation. However, under financing friction, even though the investment

threshold is smaller under debt with renegotiation than under that without renegotiation,
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equity holders may prefer debt without renegotiation. Debt issuance limit constraints
therefore have the possibility of breaking down the symmetric relationship between in-
vestment and financing decisions.

Finally, financial constraints lead to low risk (low default probability) and low returns
(low credit spread). Thus, we show that severe financing constraints cause credit spreads
and default probabilities to decrease. In addition, credit spreads and default probabilities
for debt with renegotiation are higher than those for that without renegotiation. Thus,
debt with renegotiation is relatively higher risk and generates higher returns. These

results fit well with the empirical results of Davydenko and Strebulaev (2007).

Appendix A. Proof of the proposition

Proof of Proposition 3

First, we show that §;* = 0*. For problem (21) subject to (22), the Lagrangian is formu-

lated as

T

L = (—i)ﬂ{ma(x;,cl,al)—f((sl)}+A{q1(51)—pf(ag;,cl,5l)}, (A.1)

Ty
where A > 0 denotes the multiplier on the constraint. The Karush-Kuhn-Tucker condi-
tions are given by dL/0x} =0, dL/0c; = 0, IL/d5; = 0, and
MaI(61) = D@l e, 61) | =0, (A.2)

If debt issuance constraints are binding, A > 0. By substituting (0L/0¢;)c; = 0 and
qI(67*) = D(z*, ¢}, 67%) into (OL/0x!)x| = 0, we obtain

(<)@= vt ein, o) + 6167 ) = dalor7) = . (A.3)

Ty
Similarly, substituting (0£/dc;)c; = 0 and ¢ (67*) = D(x1**, ¢i*, 61*) into (0L/d1)d; = 0

produces

(i) {Va(a:‘l**, L) — 5**[’(5**)} _ Aq{é{*[’(&{*) _ 1(5;*)} —0. (A.4)

Ty

By removing A\g from (A.3) and (A.4), we obtain

Ve erom) — 160 H{B167) = (8= 16T (61) | = 0. (A.5)
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Because V(2 ci*, 01%) > I(67%), we have B/(8 — 1) = 61*I'(67%)/1(67*), implying that
I = 0%

Next, we demonstrate the existence of a unique z}. The left-hand side of equation
(29), F(z) := D¥(x, ¢ (x,0%),6%)/1(0%), is a strictly monotonically increasing continuous
function of x with lim, o F/(z) = 0 and limy+ o F(z) = +oo. It is straightforward to
find that there exists a unique value z7. Suppose that zi* > z}. Then the firm would
prefer to borrow more than the amount ¢/(6*) to maximize equity value. However, the
maximum borrowing amount is ¢(6*). Thus, the firm is financially constrained by its

debt borrowing limit. Suppose instead that zi* < 7. Then, the firm is not constrained.

We complete the proof.

Proof of Proposition 4

We have already found that 67" = d*. Substituting 6* into (A.1), we formulate the
Lagrangian. We have 0L£/0z) = 0, 0L/0c; = 0, and (A.2) as the Karush-Kuhn-Tucker
conditions. Then, removing A from the first two conditions produces the first equation of
(30). Because A > 0 in (A.2), the final condition is the second equation of (30).

We show the proof of the result that E7* is monotonically increasing with ¢. For any

¢, ¢" with ¢" > ¢’ > 0, we suppose that the respective optimal values are given by

(= ) Vil o) =169} ( 1,,) VR, 6% = 1)}, (A.6)
and

(a/2){Vi (), ¢, 6%) = 1(6)} > (w/a)")* (Vi (2", ], 6%) — I(5"). (A7)

Then, because a firm in state ¢” can increase its value by choosing (zY,¢}), there is a

contradiction.

Appendix B. Related paper

In this appendix, we define the investment optimization problem for firms financed by
debt without renegotiation developed by Wong (2010) and Shibata and Nishihara (2012).

We then derive the solutions and its value.
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The optimization problem is formulated as

ok z\? a(,.d a(,.i
E'(r)=  max (x_) {EQ(%,CQ,&Q)— (1(52)—1)2(352,@2,52))}, (B.1)
T5,C2,02 2
D2 i
subject to Dy(wy, 2, 02) <q, (B.2)

1(62)
where © < 2}, E3(Xy,c2,0:) and D3(Xy, co,0) denote the equity and debt values after
investment of a firm financed by debt without renegotiation, respectively. The equity
value E3(Xy, ¢o,02) is given by
T3
E3(Xy, ¢9,09) = s;ldp E2 [/t e "D (1 — 1) (6, X, — Cg)dU]

= mas {51X, — (1= 1) — (811 — (1-1)2) (5} @3

for any time ¢ > Ti. Then, the optimal liquidation threshold, x3(ds, c3) is given by

Co

xg(cg, dy) = argmax E5(Xy, ¢o, 09) = (B.4)

?
2 K202

where o := (y — D)IIr/(y(1 = 7)) > 0. Note that lim,, o 29(ca, d2) = 0, as shown in Black
and Cox (1976). The debt value, D5(Xy, ca,09), is defined by

T
DX, ¢,05) = EP [/ e " Deydu + e T (1 — @) 0,112 (65, 02)]
t

_ @(1 B </<;252Xt>7> . a)HI£2102<H262Xt>7' (B.5)

r Co Co

The total firm value is defined by the sum of these two values, i.e., VR(Xy, ¢, d2) =
E3(Xy, ¢, 02) + D3(Xy, c1,02). Note that there does not exist a “region b” under debt
financing without renegotiation because the firm is liquidated once the state variable X,
reaches 29(dy, cz).

We derive the solutions of the investment problem for firms financed by debt without
renegotiation. First, suppose ¢ = 0, implying that D3(X,, cs,d2) = 0. Then the problem
is the same as in (23). The solutions are given in Proposition 1. Second, suppose that ¢

is sufficiently large. The solutions are
63 = 0%, my =haly, =8k, (B.6)

where

h2:(1—7(1+a1;7))1/721, Wy = (1+ T 1)1§1. (B.7)
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The equity option value before investment is

Bi(2) = vy " By(a) = (=) (0= 1)1(5"). (B.3)
2
Third, suppose that ¢ € (0, +00). Then, d3* = ¢* (the proof is the same as in Proposition

3). The other solutions, zi* and c}*, are obtained by solving two simultaneous equations:

for (25, e, 0%)  fas(ab™, ¢3*, 6%) 1 Ko T
= ' (—— = ¢I(6%), (B.9
foo(T5*, c55,6%) — faalah*, e3*,0%) ( 2( ) ) ¢I(6%), (B.9)

where fo1, fo9, fo3, and fo, are given as

2

. 5* I3 H
fu = (B 0I5 - (5 - (P )+ ey = B1(6")(B10)
fo = (2 5?1**)77 5Dy, (B.11)
Cy

T 2(5*]}1** T ol
f23 = ; - ( ) ’Y) (; + li—2>’ (B.12)
o= Lo 5*%"*) . 19

r

1 II

The equity value before investment is

By (o) = () (Vs o - 16}, (B.15)

)

Finally, as in (37), for any ¢,

Ej(z) = lim Ej*(z) > E3*(x) > lim B3 (v) = Ej(x). (B.16)

qt+oo ql0
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Figure 1: Scenarios of debt financing and equity values
The left-hand side panel illustrates the scenarios of debt financing. Regions a (z > z9)

and b (z < zf

) correspond to the normal and bankruptcy regions, respectively. The
right-hand side panel depicts the equity value with the initial state variable. Note that

we have F(z1*) = Ey(zi) = (0 — 1)I(5*), implying that E(z) > Ej(z) where x < zi*.
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Figure 2: Solutions and value with ¢

30



—cs]®)

13774 2324778

1.2838

0.7778

investment threshold

64.0755

credit spreads (bp) and default probabilties (%)

0.7260

Figure 3: Effects of investment quantities
The left-hand side panel depicts the neutrality of investment quantities on financially
constrained critical points. The right-hand side panel shows the neutrality on credit

spreads and default probabilities.
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Figure 4: Equity option values before investment
The parameters of the upper-right (¢ = 0.1), lower-left (¢ = 0.15), and lower-right
(0 = 0.2) panels correspond to those of Points A, B, and C of the upper-left panel,

respectively.
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Figure 5: Effects of debt renegotiation
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