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1 Introduction

Modigliani and Miller (1958) examine that investment and financing decisions are com-
pletely separable in a perfectly competitive market. Since their seminal study, the cor-
porate finance literature has highlighted the role of market financial frictions between
investment and financing decisions.! As a result, investment strategies are distorted,
compared with the level of investment in a perfectly competitive market.

Brennan and Schwartz (1984), Mauer and Triantis (1994), Mauer and Sarkar (2005),
and Sundaresan and Wang (2007) examine the interaction between investment and fi-
nancing decisions. These models have two major limitations. First, there are no financial
frictions. Second, the firm is financed by a single kind of debt, not various debt struc-
tures. The drawback of treating corporate debt as uniform is highlighted by the fact that
different types of debt instruments have quite different effects on investment strategies
(see Hackbarth et al. (2007) and Rauh and Sufi (2010)).

Several recent studies have already begun the task of incorporating either financing
frictions or various debt structures separately into the investment timing decision (real
options) model. Boyle and Guthrie (2003), Hirth and Uhrig-Homburg (2010), and Nishi-
hara and Shibata (2011) examine investment timing decisions under internal financing
constraints. Nishihara and Shibata (2010) and Shibata and Nishihara (2012) investigate
the investment timing strategies under debt financing constraints.? An interesting result
among these earlier papers is that investment strategies are non-monotonic with respect to
the financial frictions.®> Alternatively, most models approximate a firm with only market
debt (a single kind of debt), assuming that dispersion of creditors prevents debt reorga-
nization during financial distress. In practice, a leveraged firm in financial distress can
try to restructure its outstanding debt into a more affordable form. This model allow-

ing for debt restructuring approximates a firm with bank debt (i.e., non-market debt).*

LAn incomplete list includes Fazzari et al. (1988), Hoshi et al. (1991), Whited (1992), Kaplan and
Zingales (1997), Cleary (1999), Gomes (2001), Clementi and Hopenhayn (2006), Hennessy and Whited

(2007), and Livdan et al. (2009).
2See, e.g., Stiglitz and Weiss (1981), Gale and Hellwig (1985), and Greenwald and Stiglitz (1993) for

static models of the investment decision under a financing constraint.
3See Boyle and Guthrie (2003), Hirth and Uhrig-Homburg (2010), Nishihara and Shibata (2011), and

Shibata and Nishihara (2012) for theoretical analyses. See Cleary et al. (2007) for an empirical analysis.
4 A partial list of structural models with bank debt includes Mella-Barral and Perraudin (1997), Mella-



Sundaresan and Wang (2007) derive investment strategies under various debt structures
by considering debt reorganization strategies for a firm under financial distress. However,
these strategies are derived independently of financing frictions.

In this paper, we assume that a firm can issue two classes of debt: bank and market
debt. Following Bulow and Shoven (1978), Gertner and Scharfstein (1991), Cantillo and
Wright (2000), and Hackbarth et al. (2007), the only difference between bank and market

> In addition, we assume that the firm has limited

debt is the bankruptcy procedure.
capacity constraints for issuing debt. The justification for this assumption is that investors
are reluctant to lend beyond a certain amount, because issuing debt encourages risk
shifting from equity holders to debt holders (see Jensen and Meckling (1976)).

This paper develops a model of financial frictions between investment and financing
decisions with various structures of debt and examines its implications for a firm’s in-
vestment decision strategy. In this model, we have endogenously determined investment
timing, coupon payment level, and debt structure (either bank or market debt issuance)
under financial frictions. To be more precise, our model is solved as follows. First, given
a debt structure, we derive the optimal investment and coupon payment strategies under
capacity constraints. Second, we choose the optimal debt structure by comparing the
equity values financed by bank debt with those financed by market debt. Finally, under
the optimal debt structure, we derive the optimal investment timing and coupon payment
level.

Our model builds largely on three papers: McDonald and Siegel (1986), Sundaresan
and Wang (2007), and Shibata and Nishihara (2012).® Our model becomes an all-equity
financing model when the firm cannot issue any kind of debt (i.e., McDonald and Siegel
(1986)). Our model is a non-constrained model under various debt structures when the
firm can issue bank and market debt without issuance capacity constraints (i.e., Sundare-
san and Wang (2007)). Our model becomes a constrained model under a market debt

structure when a firm can issue only market debt with an issuance capacity constraint

Barral (1999), Fan and Sundaresan (2000), Broadie et al. (2007), and Hackbarth et al. (2007). None of

these papers considers investment strategies.
5They assume that payments to market lenders cannot be changed outside the formal bankruptcy

process and that the new owners can recapitalize optimally, although costs are incurred.
6In a different sense, our model can be regarded as incorporating investment strategies into the struc-

tural model for various debt structures developed by Hackbarth et al. (2007).



(i.e., Shibata and Nishihara (2012)). Our model can be regarded as a natural extension
of the three models which it is built, and yields several additional important implications.

Our model provides three important results. First, the firm is more likely to issue mar-
ket debt than bank debt when debt issuance capacity is increased. In particular, whether
bank or market debt is issued at the time of investment depends largely on three key
parameters (debt capacity, cash-in-flow volatility, and bargaining power in negotiations
during financial distress).” This finding sheds light on firm decision making regarding in-
vestment, financing, and debt choice strategies with respect to debt capacity constraints,
and is supported by empirical evidence. In practice, the firms with higher (lower) debt
issuance capacity are regarded as large/mature (small/young) corporations. Based on
this definition, our results show that large/mature (small/young) corporations are more
likely to choose market (bank) debt. Thus, these results are consistent with the empiri-
cal findings of Blackwell and Kidwell (1988), Cantillo and Wright (2000), and Denis and
Mihov (2003).

The second important result is that, given the debt structure, the investment thresh-
olds have a U-shaped relationship with the debt capacity constraints. These findings are
obtained under bank debt financing (Shibata and Nishihara (2012) examine this issue
under market debt financing). Under the optimal debt structure, investment thresholds
have a discontinuous W-shaped relationship with the debt capacity friction, depending
on the other parameters. This discontinuity is caused by the change in the choice of
debt structure. Thus, the choice of debt structure makes the corporate investment strat-
egy more complicated, compared with scenarios in which firms have no choice of debt
structure. The non-monotonicity between investment and friction is the same as in pre-
vious related papers (see, e.g., Boyle and Guthrie (2003), Cleary et al. (2007), Hirth and
Uhrig-Homburg (2010), and Shibata and Nishihara (2012)).

The third important result is that the investment thresholds for a firm financed by
bank debt with a capacity constraint are not always lower than those for a firm financed
by market debt, even when the firm prefers bank debt. This implies that the possibility of
choosing the debt structure (the possibility of bank debt issuance) does not always hasten

corporate investment. Our result is different to the fact that, without debt issuance con-

"This result is similar to that of Hackbarth et al. (2007) who do not consider investment strategies.



straints, the possibility of choosing debt structure always hastens corporate investment.
Thus, our result is also contrary to our intuition. The mechanism for investment strate-
gies with debt capacity constraints may be quite different from that without debt capacity
constraints. Thus, this result is obtained by incorporating debt capacity constraints.
The remainder of the paper is organized as follows. Section 2 describes the model and
derives the value functions. Section 3 provides the solution of our model and considers

its properties. Section 4 discusses the model’s implications. Section 5 concludes.

2 Model

In this section, we begin with a description of the model. We then provide the value
functions for the firms financed by bank debt and by market debt. Then, we formulate
our model as an investment optimization problem for the firms financed by bank debt and
by market debt with capacity constraints. As a benchmark, we derive the solutions to the
two extreme cases in our model. One is the solution for an unlevered (all-equity financed)
firm (i.e., the model developed by McDonald and Siegel (1986)). The other is the solution
for a firm financed by bank debt and market debt without a capacity constraint (i.e., a

model similar to that of Sundaresan and Wang (2007)).

2.1 Setup

A firm possesses an option to invest in a single project at any time. If the investment
option is exercised at time t, the firm pays a fixed cost I > 0 at time ¢ and receives an
instantaneous cash inflow X, after time ¢, where X, is given by the following geometric

Brownian motion:
dX, = pXdt + 0 X, d22, Xy =z, (1)

where z;@ denotes a standard Brownian motion defined by a risk-neutral probability space
(Q2,F,Q), and p and o are constant parameters. For convergence, we assume that r >
i > 0, where r is a constant risk-free interest rate. It is assumed that the current state
variable Xy = x is sufficiently low that the investment is not undertaken immediately.
In this paper, we assume that the firm issues two classes of perpetual debt: market

debt with a promised coupon payment flow ¢; (subscript “1” indicates market debt) and
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bank debt with a promised coupon payment flow ¢y (subscript “2” indicates bank debt).
Following Bulow and Shoven (1978), Gilson et al. (1990), Gertner and Scharfstein (1991),
Bolton and Sharfstein (1996), and Hackbarth et al. (2007), we assume that the only
difference between bank and market debt is the bankruptcy procedure. Now suppose that
the firm in financial distress tries to restructure the debt. Under market debt financing,
the coupon payments to the market lender cannot be changed outside of the formal
bankruptcy process. Under bank debt financing, the coupon payments to the bank lender
are reduced in the course of a costless private workout.

Given a debt structure j (j € {1,2}), let us denote by T} and T} the investment
(indicated by superscript “i” ) and default (indicated by superscript “d”) timings, respec-
tively. Mathematically, the investment and default timings are defined as TJ1 = inf{s >
0,X, > 2} and Tj' = inf{s > T}; X, < x}, where 2 and 2§ denote the associated invest-
ment and default thresholds, respectively. In particular, ¢ and 2§ represent the formal
bankruptcy threshold for market debt and the negotiation (coupon reduction) threshold
for bank debt, respectively. Note that these defaults are defined only after issuing the
debt at the time of investment in this model (i.e., the firm is an unlevered firm before
investment).

In the next subsection, we derive the value functions for a given debt structure.

2.2 Value functions of the firm financed by market debt

In this subsection, we derive the value functions after the market debt is issued at the
time of investment.

Let us denote by E#(Xy, ¢;) the equity value at time ¢ after issuing the market debt at
the time of investment, where the superscript “a” represents firm value after the market
debt issuance. The value, F?(Xy, ¢1), is defined as

Ty
B (Xiy 1) = sup E;@[ /t e @1 — 1) (X, — e1)dul, 2)
I
where E? denotes the expectation operator at time ¢ under probability measure QQ, and 7
denotes the tax rate. Note that T is the formal bankruptcy time that the equity holders
optimize. As in standard arguments, E?(X;, ¢;) is given by
C1

B (X, en) = mas {10, — (1= )~ (T = (1= 1)) (Z' (3)

r r/\xg



Where H = (]_ — 7—)/(7" — /,L) > 0 and f)/ = ]_/2 — /1//0-2 _ ((ILL/O-2 _ 1/2)2 + 27,./0.2)1/2 < 0
Then, the optimal threshold for formal bankruptcy is obtained by

24(c;) = argmax E(X,, ¢) = k] 'cq, (4)
oy
where
v—1
= — IIr > 0. Y
i v 1—7 = )

Note that z{(c;) is given as a linear function of ¢; with lim,, o z{(¢;) = 0. The result is
obtained by Black and Cox (1976).
The debt value, D3(Xy,¢1), is given as

Ty
DXy 1) = E2 [ / e dy 4 TN (1 — a)fo(cl)]
t
- Gay)) 1) ()
S Y 1—a)ll il 6
. pETE + (1 — a)Ilz{(cr) ey (6)
where o € (0, 1) denotes the proportional cost of formal bankruptcy. Because lim,, o ¢ (¢;) =
0 in (4), we have lim. o D}(Xy,¢1) = 0. The total firm value, V?(Xy, ¢;), is defined by

the sum of the equity and debt values, i.e.,

Vla(XtaCl) = E?(Xtvcl)_FD%(XtvCl)

= IIX,+ T% (1 - (%>7> — allzf(c)) (%)7' (7)

The first term on the right-hand side in (7) represents the value of the unlevered firm. The
second term represents the value of the tax shield. The third term represents the value of
the formal bankruptcy cost. Obviously, we have lim., o Vi*(X}, ¢1) = [LX,, implying that
the total firm value of the levered firm is equal to that of the unlevered firm when the

firm does not have any debt.

2.3 Value functions for the firm financed by bank debt

This subsection provides the value functions after the bank debt is issued at the time of
investment.
When the bank debt is issued at the time of investment, there are two types of re-

gions: normal and renegotiation regions. On the one hand, let us denote by E%(Xy, cs),



D3(Xy, ¢2), and VA(Xy, ¢2) the equity, debt, and total firm values, respectively, in the nor-
mal region, where the subscript “a” stands for the normal region after issuing the bank
debt. On the other hand, let us denote by EY(X;, ¢p), DS(Xy, o), and VP(Xy, ¢) the
equity, debt, and total firm values, respectively, in the negotiation region during the pe-
riod of financial distress. The subscript “b” indicates the negotiation (coupon reduction)
region during the period of financial distress after issuing the bank debt. The normal and
negotiation regions are divided by the negotiation (coupon reduction) threshold z$. That
is, the region {X; > 29} is the normal region, while the region {X; < 24} is the negotia-
tion region. The firm and bank negotiate and divide the surplus V> (Xy, ¢o) — (1 — a)I1X;
to avoid formal bankruptcy. The division of the surplus between the firm and the bank
depends on their relative bargaining powers. Let us denote by 1 and 1 — 7 the bargaining
powers of the firm and the bank, respectively.

The equity and debt values in the normal region, E3(X;, cy) and D3(Xy, ¢y), respec-
tively, are given by

T3
B3(Xie) = swpEP[ [ e 01— n)(X, - cdu+ o OB (X, (8)
t

Td>t
19
Di(Xier) = BY| / e ey + D DY (X, 03)]. (9)
t

The equity and debt values in the negotiation region, EY(X;, ¢;) and DS (X, ¢;), respec-

tively, are given by
T3l .
BY(Xie) = B[ [ e 0(1= n)(X, = s(X)du+ e T B ()] (10)
t

s
Dy(Xucr) = BF[ [ e 0 du e DYy, ca)], (1)
t

where s(X;) is the reduced coupon payment in the negotiation region.
First, we begin by solving the reduced coupon payment in the negotiation region.
As in the derivation in Sundaresan and Wang (2007) and Shibata and Tian (2012), the

reduced coupon payment in the renegotiation region, s(Xj), is given by
s(X;) =1 —an)(1-7)X;, X; <19, (12)

The reduced coupon payment s(z) is a linear function of z with lim, | s(z) = 0. The
lower the cash inflow z, the lower the coupon payment s(x). This means that the firm

need not consider formal bankruptcy once it is in the negotiation region.
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We then rewrite the equity and debt values in the negotiation region, EY(Xy, ;) and

DY (X4, ¢o), respectively, as

b Teo v Xp\P

Ey(Xi,02) = n|allX; — Tﬁ(g) ]7 (13)
b o TC2 7Y Xi\?

Dy(X,00) = (1—oanlX,—(1- 77)7B—_7 (x_g) ; (14)

where X; < 2¢ and 8 :=1/2 — p/o? + ((p/0? — 1/2)? 4+ 2r/c?)'/? > 1. The values, (13)
and (14), are equal to the fraction of the residual value for avoiding formal bankruptcy,
depending on the bargaining powers 1 and 1 — n of the firm and the bank, respectively.
The total firm value is defined by the sum of the equity and debt values, i.e.,

V2b(Xt702) = E;)(XtvCQ)_FDS(XtaC?)

X\ B
- HX(t)—@L(—;) . (15)
rof—y\ag
Finally, the value functions in the normal region are derived. Using the standard
valuation principle, the equity value in the normal region, E3(X;, ¢2) in (8), is rewritten
as

a Co Cy ny X\
(X 2) = ma {HXt —1-nZ - {(1 o)l — (1 -7~ Tﬁ)} (x_gt) }.(16)
The optimal negotiation (coupon reduction) threshold is decided to maximize (16) with

d

x4, 1.e.,
r9(co) = argmax E3(Xy, ¢2) = Ky ey, (17)
5
where
PR S Sl VS (18)

v 1-7(1-n)
Note that 23 (cz) is a linear function of ¢y with lim,, ;o 29(c2) = 0.2 The debt value in the

normal region, D3(X;, ¢p) in (9), is given by

DY(Xiy o) = 2+ {(1 - am)llaf(a) — 21— 77 0 — 7)) (x;((;))v. (19)

It is straightforward to obtain lim,, o D3(X¢, c2) = 0. The total firm value in the normal

region, V*(Xy, ¢3), is defined by the sum of the equity and debt values, i.e.,

VQa(Xt:CZ) = Eg(Xtvc2)+D;(Xt702)

TC Xy \7

- HXt+—2<1—L< = )) (20)
r B =y \zh(c2)

8This result is the same as in Sundaresan and Wang (2007) and Shibata and Tian (2012).
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Note that there is no bankruptcy cost term in (20). The first term on the right-hand side
represents the value of the unlevered firm. The second term represents the value of the

tax shield. As in (7), we obtain lim,, o V& (X}, o) = I1X, in (20).

2.4 Investment problem for the constrained levered firm

In this subsection, we formulate the investment decision problem for the firm financed by
bank debt and by market debt with issuance capacity constraints.

Suppose that the debt structure j is given (j € {1,2}). Given a debt structure j, the
debt capacity constraint is assumed to be

D?(x}7 Cj) <

7 <4 (21)

for some constant ¢ > 0. The inequality (21) means that the ratio of the debt issuance
amount to the investment cost is restricted by the debt issuance capacity ratio ¢q. In other
words, the firm has access to debt issuance D?(xij,cj) up to the amount g/ > 0. For
example, the friction might arise because of the risk-shifting problem. Because issuing
debt encourages risk shifting from equity holders to debt holders, investors are reluctant
to lend beyond a certain amount (see Jensen and Meckling (1976)). Note that we have
assumed ¢ € [0,+00), not ¢ € [0, 1]. The reason is that the levered firm has the possibility
of issuing the amount D]a(a:l], ¢j), which is more than the amount 7, to maximize its value.
The case of D;‘(xlj, ¢j) > I may lead to the result ¢ > 1, which implies that the excess is
distributed to equity holders as a dividend.’

Let us denote by Ef-(x) the equity options value of the constrained firm for a given
debt structure j (j € {1,2})0 where the superscript “o” represents the options value
before investment, and the subscript “C” indicates the constrained firm. Given a debt
structure j, the equity options value of the constrained firm is defined as

Sle) == swp B2 e e (B2 (Xp,cjo) — (T = Di(Xps,ci0) )], (22)

Tie>0,¢;0>0

subject to D?(XT%, cjc) < ql, where z < a:ijc, and E? denotes the expectation operator
J

at time 0. Using standard arguments in Sundaresan and Wang (2007) and Shibata and

9Mauer and Sarkar (2005) and Sundaresan and Wang (2007) consider debt issuance without any debt
capacity constraint at the time of investment. At the equilibrium, the firm issues the amount D% (:L’;, ),

which is more than the amount I, i.e., D?(w}, cj) > 1.
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Nishihara (2010), the value, E9.(x), is given by

@) = max () Bl — (1-Diwhece) ) (29

@i 20,6,0>0 \Tsc

subject to D3(z%¢, ¢jc) < ql.

We formulate the investment decision problem of the firm financed by bank debt and
market debt with issuance capacity constraints. Let us denote by E2(z) the equity options
value of the firm with optimal debt structure subject to capacity constraints. The equity

options value Eg(x) is obtained by

Ee () = max{Eys(x), E5(r)}, (24)
where E%(x) is given by
0 z \? a(,.i
subject to D¥(z;c, cjc) < ql, (26)

for any z < min{ziq, 25} (j € {1,2}).

This problem is related to the issuance of either bank debt or market debt at the time
of investment. The reason is that we can remove the mixed issuance of bank debt and
market debt (we show that this assumption is correct below).'

Before analyzing the optimal investment strategies for a firm with different debt struc-
tures subject to a debt issuance capacity constraint, we first review two extreme cases

briefly: the optimal investment problems of the unlevered firm and the levered firm with

different debt structures without capacity constraints.

2.5 Investment problem for the unlevered firm

In this subsection, we assume that ¢ = 0, i.e., D3(x},¢;) = 0 for all j (j € {1,2}). This
problem is equivalent to the investment problem for an all-equity financed firm, which is
the simple version of the seminal model by McDonald and Siegel (1986).

Let us denote by E? (-) the equity options value of the unlevered firm before investment,

where the subscript “U” stands for the unlevered firm. When ¢ = 0, we have ¢; = 0 for

OHackbarth et al. (2007) consider the mixed debt policy because they incorporate the priority struc-

tures of bank and market debt. Note that we do not introduce them.

10



all j, which leads to E%(x,c;) = Vi (v, ¢;) = llw and D(z,¢;) = 0 for all j (j € {1,2}).

Thus, the value, EY(x), turns out to be
x\B .
E°(z) = max { (—) (I, — I)}, (27)
for any x < x1,. The optimal investment strategy and the equity options value are

. g1 z\? 1
=0 L mw= (L) |
T v(@) ) B—1

(28)

Wy ”

where the superscript “x” represents the optimum.

2.6 Investment problem for the levered firm with different debt

structures without capacity constraints

In this subsection, we assume that ¢ is sufficiently large (¢ T +00). Then, the debt issuance
capacity constraint becomes immaterial. This problem is similar to that in Sundaresan
and Wang (2007).

Let us denote by ER(x) the equity options value for the firm financed by bank debt

and market debt without an issuance capacity constraint. The value, E%(z), is formulated

EX(2) = max{EY(z), E3(x)}, (29)
where E? () is given by
ES(x) -, gloixm(x ) (Vi ;) — I}, (30)

for any v < min{a!,z}} (j € {1,2}). The only difference between (24) and (29) is whether
a debt financing capacity constraint exists.

The solutions and value for a given debt structure j are'!

* K'¢' ix ,QZ} ix 0 0
%xU: Cj = ;L_ij: x?:#an E]( T) = ¢ °E v(2), (31)
J

where = <z} (j € {1,2}), and

T e R R (R S S -
hzzz(%(l—fy))_lMZl e (1+%%)_1§1

1See Sundaresan and Wang (2007) and Shibata and Nishihara (2010) for a detailed derivation.
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We have two important properties in (31). The first property is that we have x}* < ¥
and Ef(x) > Ep(z), where x < z* for any j (j € {1,2})." The second property is that
the inequality 1; < 1) implies that x}* < ¥ and E2(x) > Ep(x) (J,k € {1,2},7 # k).

We summarize these results as follows.

Lemma 1 Suppose that the firm does not have a debt financing capacity constraint (i.e.,
q is sufficiently large). If the investment thresholds for market debt financing are smaller
than those for bank debt financing, the non-constrained levered firm prefers market debt
financing, i.e., E}(x) = Ef(x) = max{E{(z), E9(x)}. Otherwise, the non-constrained

levered firm prefers bank debt financing, i.e., E}(x) = ES(x) = max{E}(x), E9(z)}.

3 Model solution

In this section, we derive the solution to the problem formulated in (24). Section 3.1
provides the solution to the investment decision problem for the constrained levered firm
with a given debt structure. Section 3.2 examines the optimal debt structure by comparing
the equity options values for a firm with bank debt and market debt with issuance capacity

constraints. Then, we obtain the solution to the problem (24).

3.1 Optimal investment strategies for a given debt structure

Given a debt structure j (j € {1,2}), we define the constant value z; satisfying

Di(xj,ci(x;)) = ql, (33)
where ¢;(z) is given as
a kj
cj(x) == argmax V' (r,¢;) = T (34)
¢ J

where x; and h; have been defined in (5), (18), and (32). Note that (34) is the optimal
coupon payment of the non-constrained levered firm given a debt structure j and is

obtained by Leland (1994). We have z§(c;(x)) = 2/h; by substituting (34) into (4) and

12The same result is obtained in the static model of Myers (1977).
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(17).'* The debt values, D%(x, c;(z)) and D3(x,cy(x)), are obtained as

Dz, er(z) = hll( (1= K) + (1~ o)TIA] ), (35)
. 1 e IR 2o s My,
Da(z, ea(7)) = h2( (1= h3) + (1 — @)k} + 2hj7(1 5_7+5_7)) . (36)

Then, D3#(x,c;(x)) is a strictly monotonically increasing continuous function of r with
limgyo D3 (, ¢j(7)) = 0 and limgpy0 D§(2, ¢j(2)) = +o00 for any j. Then, there exists a
unique value z; for any j (j € {1,2}).

Suppose, for example, x}* > z; for any j (j € {1,2}), implying that the investment
threshold of the non-constrained levered firm is larger than the critical value. Then, the
firm would prefer to issue more debt than the amount ¢/, to maximize the equity value,
while the debt holders restrict the amount to less than ¢/. Thus, the firm is financially
constrained by its debt issuance capacity. Suppose that, instead, x‘]* < z;. Then, the firm
can choose the investment threshold to maximize the total firm value on the condition
that the debt issuance is less than the capacity q/. Therefore, the firm is not constrained.

We summarize these results as follows.

Lemma 2 Given a debt structure j (j € {1,2}), there exists a unique x; satisfying (33).

Then, if xlj* > xj, the firm is financially constrained. Otherwise, it is not.

Lemma 2 implies that, by comparing the magnitudes of xlj* and z; for j, we recognize
whether the debt capacity constraint is binding. Using these properties, we have the

following results (the proof is given in the Appendix).

Proposition 1 Suppose that xi* > x; > 0 for a given debt structure j (j € {1,2}). For
=0, because ¢ = 0, we have (23, o, 29) = (x5, 0, 0). For z; > 0, because q > 0,

the solutions (x]C, ;‘C) are decided uniquely by two simultaneous equations:

f_]l( ]Ca ]C) . f]3(aj‘1]>’b7cjc)

i* % = 0? (37)
fi2(@ jCaCjc) fj4(ij7CjC)
D (x5, ¢jc) — ¢l =0, (38)
where f1, fij2, fis, and fj4 are given as
ik T J"i* TT *
fu = G-+ (57 - G- (H5) G +alle o =81 (39)

13Gee Shibata and Nishihara (2010) for the derivation of ¢;(x) and 29(c;(z)) in detail.
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o= () (5 - - e (10)
fu = L (%)7(1 - 7)(; +allk '), (41)
fu= e (Y 0 (G- -, (22
and
= (5 et 57 (1= (55 ) g - (43
= R e e UL o) S )
po= T () a- 5 (45)
for = % - (%)7(1 - 7)(%(1 T ’ - 7677_77) — (1~ an)TTr, ) (46)

Moreover, ¢, = x(c¢) is obtained by substituting cj. into (4) and (17). Suppose, on

the other hand, that :L'IJ* < x; for a given debt structure j (because q is sufficiently large).
We obtain (xjc, Cias x%) = (xlj*, c;, x?*) Substituting the solutions into the equity value
before investment yields

x

Ejo(x) = (xi%) (V7 @hes €)= 1), (47)

Proposition 1 implies that the solutions (investment thresholds and coupon payments)
for the constrained levered firm are determined by solving two simultaneous equations.
Given a debt structure j, the solutions include those for the unlevered firm in the extreme
case satisfying %c > x; = 0 because of ¢ = 0, and the non-constrained levered firm in
the extreme case satisfying x; > x * because ¢ is sufficiently large.

Given a debt structure j, the equity options value of the constrained levered firm
is monotonically increasing with respect to ¢. It is easy to show the proof. For any
q, ¢" with ¢" > ¢ > 0, we suppose that the respective optimal values are given as
(22 (Vi (s i) — 1), (/)P (VP (il o) — T), and (/)P (Ve o) — 1) >
(x/2")P (VA(alt, ¢jc) — I). Then, because the firm in state ¢” can increase its value by

choosing (xjc, cjc), there is a contradiction. Thus, we summarize this result as follows.

Corollary 1 Given a debt structure j (j € {1,2}), the equity options value of the con-

strained levered firm E;’C(x) 18 monotonically increasing with respect to q. In particular,
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we have
Ej(z) > Ejo(r) > Eg(x), (48)
for any q > 0 with limgo ESy = EY(v) and limgy o o = £ (7).

The result obtained in Corollary 1 fits well with empirical studies by Whited (1992).
Note that Corollary 1 does not state which is larger, Ey-(z) or ES.(z) for any ¢ > 0. In

the next subsection, we examine their magnitudes by using numerical examples.

3.2 Optimal debt structure strategies

In the previous subsection, we considered the solutions and their values for a given debt
structure j. In this subsection, we examine the solutions to the problem (24). Recall
that we cannot obtain the analytical solution of E¥.(z) for j € {1,2}. By comparing the
magnitudes of Ef-(z) and ES(z) for given parameters, we obtain the solutions to the
problem defined by (24) numerically.

Suppose that the basic parameters are r = 0.09, = 0.01, I =5, 7 = 0.15, a« = 0.4,
and z = 0.4."* Whether bank or market debt is issued depends on the combination of the
three key parameters: ¢ (debt issuance friction), n (bargaining power), and o (cash-in-flow
volatility).

Figure 1 depicts the regions of Ef.(x) > Epc(z) in (n,0) space (j,k € {1,2},7 # k).
Three lines indicate the boundaries of E{q(x) = ES-(x) for ¢ = 1, ¢ = 0.8, and ¢ = 0.6.
Under the basic parameters, the boundary for ¢ = 1 is the same as the one for ¢ T +o0
(i.e., the one for the non-constrained levered firm). For the regions of smaller o and larger
n, we see E9«(x) > E9-(x), i.e., the firm prefers market debt financing. For the regions of
larger o and smaller 7, in contrast, we have ES-(z) > Ef.(z), i.e., the firm prefers bank
debt financing. Importantly, an increase in ¢ enlarges the regions of E{.(z) > E9-(z).

We then have the following.
[Insert Figure 1 about here]

Observation 1 Consider the optimization problem for the constrained levered firm de-
fined by (24). As debt issuance capacity increases, the firm becomes more likely to issue

market debt.

"“Under the basic parameters, z = 0.4 always satisfies 2 < min{z{}, 2%, zi*} for all j (j € {1,2}).
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We consider in detail the effects of the debt issuance constraints. Figure 2 illustrates
the investment thresholds and equity options values with the debt capacity ratio ¢ for
n=1lando € {0.1,0.15,0.2} (the top, middle, and bottom panels represent o = 0.10, o =
0.15, and o = 0.20, respectively). The three left-hand side panels depict the investment
thresholds with respect to q. Recall from Lemma 2 that the firm is constrained by debt
issuance capacity if z; < ¥ (j € {1,2}), while it is not otherwise. In the top left-
hand side panel, for example, if ¢ < 0.9449 (¢ < 0.7045) because z; < 2i* (zy < k),
the firm is constrained by market (bank) debt issuance capacity (the two other left-

ix

hand side panels follow similarly). We have limgo2ly = 2if and limg 2l = o

(j € {1,2}). Interestingly, 2%, is not always between z}* and zi; for ¢ € (0,400). That

is, the investment thresholds x}*c are non-monotonic with respect to ¢.'
[Insert Figure 2 about here]

The three right-hand side panels of Figure 2 demonstrate the equity options values
with respect to q. There are three difference cases. First, in the top right-hand side panel,
we have Ef.(z) > E9+(x) for all regions of g. Second, in the middle right-hand side panel,
we see that E9.(z) > E9(x) for ¢ < ¢ = 0.71 and Ef¢(x) > ES.(z) for ¢ > ¢. Finally, in
the bottom right-hand side panel, Ed.(z) > E{-(z) for all regions of q.

Figure 3 depicts the investment thresholds and equity options values with respect to
q for n = 0.5 and o € {0.05,0.075,0.1} (the top, middle, and bottom panels represent
o = 0.05, 0 = 0.075, and o = 0.1, respectively). In the three left-hand side panels, the
investment thresholds have a U-shaped relationship with ¢q. In the three right-hand side
panels, there are three cases at the equilibrium. The properties of the three different
cases under n = 0.5 are exactly the same as those under n = 1 in Figure 2. As a result,
we conclude that there are three different cases for n > 0 because we choose n = 1 and

n = 0.5 arbitrarily.
[Insert Figure 3 about here]

Figure 4 demonstrates the investment thresholds and equity options values with re-

spect to ¢ for n = 0 and o € {0.1,0.15,0.2} (the top, middle, and bottom panels are

15Gee Section 4.1 for non-monotonicity in detail.
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assumed to be ¢ = 0.1, 0 = 0.15, and 0 = 0.2, respectively). The three left-hand side
panels demonstrate the non-monotonic relationship between x;*c and ¢. In the three right-
hand side panels, we have E9.(x) > Ef.(z) for all regions of ¢ and for all regions of o.

Consequently, under n = 0, the firm prefers bank debt financing at the time of investment.
[Insert Figure 4 about here]

In Figures 2 to 4, we have considered the investment thresholds and equity options
values with respect to ¢ for n (n € {0,0.5,1}). We summarize the results obtained in

these figures as follows.

Observation 2 Consider the optimization problem for the constrained levered firm de-
fined by (24). For q =0, the solution and the value are the same as those in (28). For
q T +o0, the solution and the value are the same as those in Lemma 1. We assume that

q € (0,+00). Forn € (0,1], there are three optimal cases, depending on the parameters.

(i) There exists ES(x) > E.(z) for all regions of q. Then, the constrained levered

firm chooses bank debt issuance at the time of investment.

(i) There exists a unique § such that ES.(x) > E9«(x) for ¢ < ¢ and E{(z) > E9-(x)
for ¢ > q. Then, the firm prefers bank debt issuance for q < q, while it prefers

market debt issuance for ¢ > q.

(1ii) There exists ESo(x) > ES(x) for all regions of q. Then, the firm chooses market

debt issuance.

For n =0, on the other hand, there exists only one case. The firm chooses bank debt

wssuance at the time of investment.

These results are obtained by incorporating the debt capacity constraints. They shed
light on models of bank and market debt financing across debt issuance capacity. In
particular, in case (ii) for the firm with 1 > 0, increasing ¢ prompts a change in the choice
of debt structure. These results are similar to those in Hackbarth et al. (2007) who do

not consider the endogenous timing of investment.'

6Hackbarth et al. (2007) focus only on the firms with = 0 and n = 1. The firms with n = 0 and

n = 1 are defined as the weak and strong firms, respectively.
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Observations 1 and 2 are most closely related to empirical studies on debt composi-
tion. According to the definition by Rajan (1992) and Hackbarth et al. (2007), the firms
with larger ¢, larger n, and smaller o (smaller ¢, smaller 7, and larger o) best approx-
imate large/mature (small/young) corporations. Then, based on the above definition,
small/young firms are more likely to issue bank debt, whereas large/mature firms are
more likely to issue market debt. These implied results in Observations 1 and 2 fit well
with the empirical findings of Blackwell and Kidwell (1988), Cantillo and Wright (2000),
and Denis and Mihov (2003).

4 Model implications

In this section, we consider the more important implications of our model. Section 4.1
investigates the effects of debt issuance constraints on the investment thresholds. Section
4.2 examines the relationship between the investment thresholds and the corresponding
values. Section 4.3 considers the effects of optimal debt structures. Section 4.4 analyzes
the comparative statics with the other key parameters (cash-in-flow volatility and bar-
gaining power in private workouts) when the firm is financially constrained. Section 4.5

discusses the effects of a debt issuance constraint on the other solutions.

4.1 Non-monotonicity between investment thresholds and debt

issuance constraints

This subsection examines the effects of a debt issuance constraint on investment thresh-
olds. As demonstrated in Figures 2 to 4, to the extent that we have numerically solved
for the investment thresholds for various parameters, we could not find any example of a
monotonic relationship between x}*c and ¢ for any j (j € {1,2}). Consequently, we have

the following result.

Observation 3 Given a debt structure, the investment thresholds have a U-shaped rela-

tionship with the debt capacity friction q in almost all cases.

Shibata and Nishihara (2012) have already shown a non-monotonic relationship be-

tween x1%, and ¢. The new result obtained in Observation 3 is that we find a non-monotonic
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relationship between 2l and ¢. The non-monotonicity property is consistent with the-
oretical studies by Boyle and Guthrie (2003) and Hirth and Uhrig-Homburg (2010) and
empirical study by Cleary et al. (2007).

In order to consider the most interesting case, we assume that = 1 and o = 0.1.17
Under these parameters, as shown in the middle right-hand side panel of Figure 2, we
have already shown that the firm chooses bank debt issuance at the time of investment for
0 < g < ¢=0.71, and market debt issuance for ¢ > ¢ = 0.71. Figure 5 provides a close-up
of important points in the middle left-hand side panel of Figure 2. The large dotted line
shows the investment thresholds at the equilibrium. Then, an increase in ¢ leads to a
jump in the investment thresholds, because the debt structure strategy has changed from
bank debt to market debt. We see that, at ¢ = 0.71, the investment threshold jumps from

zhe = 0.6612 to i, = 0.6585. We summarize the result as follows.
[Insert Figure 5 about here]

Observation 4 Consider the optimization problem for the constrained levered firm de-
fined by (24). Then, at the equilibrium, the investment thresholds have a discontinuous
W-shaped relationship with the friction parameter q, depending on the two other key pa-

rameters, n and o.

With the optimal choice of debt structure, the relationship between the investment
thresholds and debt capacity is a more complicated non-monotonicity relationship, com-

pared with the scenario in which firms have no choice of debt structure.

4.2 Relationship between investment thresholds and values

In this subsection, we consider the relationship between the investment thresholds and
the corresponding values. Recall in Lemma 1 that 2i* < zi¥ if and only if E?(x) > E9(z),

where x < min{z*, z¥}, when ¢ is sufficiently large.

[Insert Figure 6 about here]

17Recall that the firm has three different debt financing cases for 7 € (0,1] but only one debt financing
case for n = 0. The three cases for 5 € (0, 1] include the one case for = 0. Furthermore, the three cases

for n = 1 are the same as those for n € (0,1). From now on, we assume 1 = 1.
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The two top panels of Figure 6 show the effects of cash-in-flow volatility, o, on invest-
ment thresholds and equity options values, respectively. We now suppose ¢ = 0.7 and
n = 1foro € [0.1,0.2]."® In the top left-hand side panel, we have z'*%, < i, for o < 0.1579.
In the top right-hand side panel, we see that Ey(x) > ESy(x) for o < 0.1495." From
these two results, we obtain zi < 2, and E%(z) < ES«(z) for o € (0.1495,0.1579).

The two middle panels of Figure 6 demonstrate the impact of firm bargaining power, 7,
on the investment thresholds and equity options values, respectively. We assume ¢ = 0.7
0.15 for € [0,1].*° In the middle left-hand side panel, we have ziy > i for
0.8198. In the middle right-hand side panel, we see that Ef.(z) < FE.(x) for

o

<
< 0.7930. From these two results, we obtain zi%, > zb, and E%(z) > ES-(z) for

= I3

€ (0.7930,0.8198). We summarize the two above results as follows.

Observation 5 Consider the optimization problem for the constrained levered firm de-
fined by (24). Then, the investment thresholds with bank (market) debt financing are not
always lower than those with market (bank) debt financing when the firm prefers bank

(market) debt financing to market (bank) debt financing.

Observation 5 implies that the relationship between the investment thresholds and
values for the constrained levered firm is not necessarily consistent with that for the non-
constrained levered firm in Lemma 1. Thus, these findings provide important new insights
by extending the investment decision problem for the non-constrained levered firm to the

problem for the constrained levered firm.

4.3 Effects of optimal debt structures

This subsection examines how the possibility of bank debt issuance influences corporate
investment. Recall that our model becomes that of Shibata and Nishihara (2012) after

removing the possibility of bank debt issuance at the time of investment. Thus, this

8For all the regions of o € [0.1,0.2] with ¢ = 0.7 and n = 1, we have z}* > z; (j € {1,2}), implying

that the firm is financially constrained by its debt issuance capacity.
19We confirm one of the results obtained in Figure 1, namely, that an increase in o changes the firm’s

debt capital strategies from market debt financing to bank debt financing.
2°For all the regions of n € [0,1] with ¢ = 0.7 and ¢ = 0.15, we have zi* > z; (j € {1,2}), implying

that the firm is financially constrained by its debt issuance capacity.
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subsection makes clear the difference between our model and the previous model developed
by Shibata and Nishihara (2012).

Suppose, as a benchmark, that ¢ is sufficiently large, and that the firm can issue bank
debt in addition to market debt at the time of investment. Then, the possibility of bank
debt issuance increases the equity options values and hastens corporate investment. The
reason is that, as shown in Lemma 1, zt* > zi* if and only if E°(z) < ES(z), where
r < min{z*, i}

Suppose that the firm comes up against the debt capacity constraint, and that the firm
can issue bank debt in addition to market debt. Consider, for example, ¢ € (0.63,0.71),
n =1, and 0 = 0.15 (see Figure 5, which provides a close-up of the middle left-hand side
panel of Figure 2). Then, interestingly, the firm’s access to bank debt delays corporate
investment, although it always increases the equity options value (see the middle right-

hand side panel of Figure 2). Thus, we summarize the result as follows.

Observation 6 Suppose that the firm faces the debt issuance constraint at the time in-

vestment. Then, the choice of debt structures does not always hasten corporate investment.

Our model differs from that of Shibata and Nishihara (2012) in that the firm can choose
the optimal debt structure (i.e., the firm has the possibility of issuing bank debt). We can
predict intuitively that choosing the optimal debt structure enables the firm to hasten its
corporate investment. However, interestingly, this intuition is not always correct when

the firm comes up against financial constraints.

4.4 Comparative statics

This subsection considers the effects of the cash-in-flow volatility parameter, o, and the

bargaining power parameter, 7, on the investment thresholds, equity options values, and

credit spreads. The credit spreads are defined as ¢s; (2}, ¢ic) = ¢ic/D3(@lg, ¢io) — .
From the two top and the bottom left-hand side panels of Figure 6, we summarize the

effects of o as follows.

Observation 7 Consider the optimization problem for the constrained levered firm de-

fined by (24). When volatility is greater, the firm is more likely to prefer bank debt.
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Denis and Mihov (2003) and Rauh and Sufi (2010) find that low-credit-quality firms are
more likely to have bank debt. Firms with low-credit-quality are regarded as having high
cash-in-flow volatility. Furthermore, Blackwell and Kidwell (1988) observe that small and
risky firms sell debt privately. Moreover, the bottom left-hand side panel demonstrates
that the credit spread is increasing with o, which is the same as in the standard contingent
claims models (see, e.g., Leland (1994)).

From the two middle and the bottom right-hand side panels, we summarize the effects

of n as follows.

Observation 8 Consider the optimization problem for the constrained levered firm de-
fined by (24). When the bargaining power of the firm is higher (in other words, when the

bargaining power of the bank is lower), the firm is more likely to choose market debt.

The bottom right-hand side panel of Figure 6 depicts the credit spread with n. The
higher 7, the higher csy (25, ¢3), and the lower ES,(x). Davydenko and Strebulaev (2007)
demonstrate empirically that higher bargaining power of equity holders results in higher

spread and lower equity values. Our theoretical finding fits well with the empirical finding.

4.5 Effects of debt capacity constraints on the other solutions

In this subsection, we consider the effects of debt capacity constraints on the coupon,
default, and values at the time of investment. As in the previous subsection, we assume
n=1.

Figures 7 and 8 demonstrate the effects of the debt issuance constraint on the other
solutions and values (the left- and right-hand side panels are assumed to be o = 0.1 and
o = 0.2). In the left-hand side panels of Figures 7 and 8, the firm chooses market debt
issuance (see the top right-hand side panel of Figure 2). In the right-hand side panels
of Figures 7 and 8, the firm chooses bank debt issuance (see the bottom right-hand side
panel of Figure 2).

The two top panels of Figure 7 show the coupon payments with respect to q. We
see that cjo is monotonically increasing with respect to ¢ for j (j € {1,2}). The next

observation summarizes this property of the coupon payments.
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Observation 9 Given a debt structure, the coupon payments for the constrained levered

firm are between those for the unlevered firm and those for the non-constrained levered

firm.

Observation 9 contrasts with Observation 3, where x}*c is not always in the regions

[z}, 25].>" Thus, it is less costly to distort zl, away from the regions [z, z{;] than to

distort cjo away from the regions [0, cj].
[Insert Figure 7 about here]

The two middle panels of Figure 7 display the default probability defined by E? [e_’"(j?_TJd)] =
(zl/25¢)7 with respect to ¢. We see that the default probabilities are monotonically in-
creasing with respect to ¢. Comparing two probabilities, we have (25 /238)7 > (21 /2{&)7,
which implies that the default (coupon reduction) for the firm financed by bank debt is
more likely to occur than the default (formal bankruptcy) for the firm financed by market
debt. The reason for this finding is that the distance between zk and g, is smaller than
the distance between zi%, and z{% because there is no default cost for the firm financed
by bank debt. Moreover, even though the firm chooses bank debt financing, the default
probability for bank debt financing is larger than that for market debt financing.

The two bottom panels of Figure 7 depict the credit spreads. The credit spreads are
also monotonically increasing with respect to g. We have cso (2l ¢3) > cs1 (2%, ¢}). These
results correspond to the fact that the default probabilities for bank debt are larger than
for market debt. Davydenko and Strebulaev (2007) find empirically that the possibility
of strategic debt service increases corporate credit spreads. Thus, our theoretical findings
are consistent with empirical findings.

The two top panels of Figure 8 depict the equity and debt values at the time of
investment with respect to ¢. We see that the equity values are monotonically decreasing
with respect to ¢. On the other hand, the debt values are monotonically increasing with
respect to ¢g. We confirm that the debt value is equal to the debt issuance capacity for the
regions in which the firm is constrained, and that it is constant for the regions in which

the firm is not constrained.

[Insert Figure 8 about here]

21Recall that there are two control variables, a:} and c¢;, for the optimization problem defined by (25).
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The two middle panels of Figure 8 illustrate the total firm values with respect to q.
We see that the total firm values have a U-shaped relationship with ¢, which corresponds
to the U-shaped relationship between the investment threshold and ¢. In the left-hand
side panel (¢ = 0.1), the firm prefers market debt financing for all regions of ¢. The
total firm values for the firms financed by market debt are lower than those for the firms
financed by bank debt for all regions of ¢. In the right-hand side panel (o = 0.2), the
firm prefers bank debt financing for all regions of q. The total firm values for the firms
financed by bank debt are not always lower than those for the firms financed by market
debt.?? These results are similar to those obtained in Observation 3.

The two bottom panels of Figure 8 illustrate the leverages defined as D3(x}, ¢;) /V2 (], ¢;)

with respect to g. We see that the leverages are monotonically increasing with respect to

q.

5 Concluding remarks

We have proposed a model that analyzes optimal investment strategies under an optimal
structure of bank debt and market debt with issuance constraints. By extending previous
studies to consider various debt structures with debt issuance capacity constraints, we
shed light on decisions regarding a firm’s investment, financing, and debt choice strategies
with issuance constraints. As a result, we can discuss the availability and effects of various
debt structures under issuance capacity constraints.

We have three important results with respect to financial frictions. The first result
is that increasing debt issuance capacity makes a firm more likely to issue market debt
than bank debt. In particular, which type of debt is issued at the time of investment
depends largely on three parameters (debt issuance capacity, cash-in-flow volatility, and
bargaining power in the renegotiation during financial distress). These insights from our
model are supported by empirical evidence.

The second result is that, for a given debt structure, the relationship between in-

vestment thresholds and debt capacity is non-monotonic. This finding is obtained under

22For n = 1 and o = 0.15, at the equilibrium, the total firm values have a discontinuous W-shaped
relationship with the friction. The reason is that their shape corresponds to that of the investment

thresholds, which have a discontinuous W-shaped relationship with the friction.
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market debt financing as well as bank debt financing. We could not find any example
of a monotonic relationship, to the extent that we have solved numerically for various
parameters. Moreover, under the optimal debt structure, the investment thresholds have
a discontinuous W-shaped relationship with the debt capacity constraint, depending on
the parameters. This discontinuity is caused by the change in the choice of debt struc-
ture. Thus, the optimal debt structure makes the corporate investment strategy more
complicated, compared with the scenario in which firms have no choice of debt structure.

The third result is that the investment thresholds for the firm financed by bank debt
with a capacity constraint are not always lower than those for the firm financed by market
debt, even when the firm prefers bank debt. This implies that the choice of debt structure
(the possibility of bank debt issuance) does not always hasten corporate investment. This
result is contrary to our intuition. The mechanism for investment strategies with financial
frictions may be quite different from that without financial frictions. Thus, it is important

that we consider the impact of financial frictions on the investment strategies.

Appendix

In this subsection, we derive the functions f;1, fj2, fj3, and fj4 in Proposition 1. Note
that f; is a function of (z%, ¢j¢) for all j and k (j € {1,2},k € {1,2,3,4}). Because the
derivations of fi, and fy, are the same (k € {1,2,3,4}), we show only the derivation of
for- In the subgame to the investment decision problem for the firm with constraint bank

debt financing, the Lagrangian is formulated as

i B TCxc  Tex B The \7
L = (H e ( ) . I) Al
Toc Toc , r B =7\ Lenc (A.1)
Coc 1 C2c B ny xi20 7
A (1 g ten — B Ty ( e V)
q , (1 — an)llk; o , (1-7 75_7 Tﬁ—’y) Ky Leac

where A > 0 denotes the multiplier on the constraint. The Karush-Kuhn-Tucker condi-

tions are given by
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Assume that A\ > 0, which is equivalent to zl > z; from Lemma 2. For ¢ = 0, because

cho = 0 from (A.4), we have 2l = z1¥ and 235 = 0. For ¢ > 0, we have ¢}y > 0. Then

(2, cb) are obtained uniquely by two simultaneous equations:

fa1 (xIQ*Cv CEC) N f23(1‘i2*Cv CEC)

. i = 07 Dy xi* 70* - QI = 0. A5
f22($§E,C§c) f24(ajl2*c,c’2ﬁc) 2( 2C 2(]) ( )

The first equation is given by rearranging (A.2) and (A.3), while the second equation is
given by (A.4). Thus, for, foa, fo3, and fo, are obtained as (43)-(46). Similarly, we can

derive fi1, fi2, fi3, and fi4.

References

Black, F., Cox, J. C., 1976. Valuing corporate securities: some effects of bond indenture

provisions. Journal of Finance 31, 351-367.

Blackwell, D., Kidwell, D., 1988. An investigation of cost differences between public sales

and private placements of debt. Journal of Financial Economics 22, 253—-278.

Bolton, P., Sharfstein, D., 1996. Optimal debt structure and the number of creditors.
Journal of Political Economy 104, 1-25.

Boyle, G. W., Guthrie, G. A., 2003. Investment, uncertainty, and liquidity. Journal of
Finance 63, 2143-2166.

Brennan, A., Schwartz, E., 1984. Optimal financial policy and firm valuation. Journal of

Finance 39, 593-607.

Broadie, M., Chernov, M., Sundaresan, S., 2007. Optimal debt and equity values in the
presence of Chapter 7 and Chapter 11. Journal of Finance 62, 1341-1377.

26



Bulow, J. 1., Shoven, J. B., 1978. The bankruptcy decision. Bell Journal of Economics 9,
436-445.

Cantillo, M., Wright, J., 2000. How do firms choose their lenders? An empirical investi-
gation. Review of Financial Studies 13, 155-189.

Cleary, S., 1999. The relationship between firm investment and financial status. Journal

of Finance 54, 673-692.

Cleary, S., Povel, P., Raith, M., 2007. The U-shaped investment curve: Theory and

evidence. Journal of Financial and Quantitative Analysis 42, 1-40.

Clementi, G. L., Hopenhayn, H. A., 2006. A theory of financing constraints and firm
dynamics. Quarterly Journal of Economics 121, 229-265.

Davydenko, S. A., Strebulaev, I. A., 2007. Strategic actions and credit spreads: An em-

pirical investigation. Journal of Finance 62.

Denis, D., Mihov, V., 2003. The choice among bank debt, non-bank private debt, and
public debt: Evidence from new corporate borrowings. Journal of Financial Economics

70, 3-28.

Fan, H., Sundaresan, S., 2000. Debt valuation, strategic debt service and optimal dividend

policy. Review of Financial Studies 13, 1057-1099.

Fazzari, S. M., Hubbard, R. G., Petersen, B. C., 1988. Financing constraints and corporate

investment. Brookings Papers on Economic Activity 1, 141-206.

Gale, D., Hellwig, H., 1985. Incentive compatible debt contracts: The one period problem.
Review of Economic Studies 52, 647-664.

Gertner, R. H., Scharfstein, D. S., 1991. A theory of workouts and the effect of reorgani-
zation law. Journal of Finance 46, 1189-1222.

Gilson, S. C., John, K., Lang, L., 1990. Troubled debt restructuring: an empirical study of

private reorganization of firms in default. Journal of Financial Economics 27, 315-353.

Gomes, J. F., 2001. Financing investment. American Economic Review 90, 1263-1285.

27



Greenwald, B., Stiglitz, J. E., 1993. Financial market imperfections and business cycles.

Quaterly Journal of Economics 108, 77-114.

Hackbarth, D., Hennessy, C. A., Leland, H. E., 2007. Can the trade-off theory explain
debt structure?. Review of Financial Studies 20, 1389-1428.

Hennessy, C. A., Whited, T. M., 2007. How costly is external financing? Evidence from

a structural estimation. Journal of Finance 62, 1705-1745.

Hirth, S., Uhrig-Homburg, M., 2010. Investment timing, liquidity, and agency costs of
debt. Journal of Corporate Finance 16, 243-258.

Hoshi, T., Kashyap, A., Scharfstein, D., 1991. Corporate structure, liquidity, and invest-
ment: Evidence from Japanese industrial groups. Quarterly Journal of Economics 106,

33-60.

Jensen, M. C., Meckling, W. H., 1976. Theory of the firm: Managerial behavior, agency

costs and ownership structure. Journal of Financial Economics 3, 305-360.

Kaplan, S. N., Zingales, L., 1997. Do investment-cash flow sensitivities provide useful

measures of financing constraints?. Quaterly Journal of Economics 112, 169-215.

Leland, H. E., 1994. Corporate debt value, bond covenents, and optimal capital structure.

Journal of Finance 49, 1213-1252.

Livdan, D., Sapriza, H., Zhang, L., 2009. Financially constrained stock returns. Journal

of Finance 66, 1827-1862.

Mauer, D. C., Sarkar, S., 2005. Real options, agency conflicts, and optimal capital struc-
ture. Journal of Banking and Finance 29, 1405-1428.

Mauer, D. C., Triantis, A., 1994. Interactions of corporate financing and investment de-

cisions. Journal of Finance 49, 1253-1277.

McDonald, R., Siegel, D. R., 1986. The value of waiting to invest. Quarterly Journal of
Economics 101, 707-727.

Mella-Barral, P., 1999. The dynamics of default and debt reorganization. Review of Fi-
nancial Studies 12, 535-578.

28



Mella-Barral, P., Perraudin, W., 1997. Strategic debt service. Journal of Finance 52,
531-556.

Modigliani, F., Miller, M., 1958. The cost of capital, corporation finance, and the theory

of investment. American Economic Review 48, 261-297.

Myers, S. C., 1977. Determinants of corporate borrowing. Journal of Financial Economics

5, 147-175.

Nishihara, M., Shibata, T., 2010. Interactions between preemptive competition and a

financing constraint. Journal of Economics and Management Strategy 19, 1013-1042.

Nishihara, M., Shibata, T., 2011. Investment timing with fixed and proportional costs of

external financing. Working paper .

Rajan, R., 1992. Insiders and outsiders: The choice between informed and arm’s length

debt. Journal of Finance 47, 1367-1400.

Rauh, J., Sufi, A., 2010. Capital structure and debt structure. Review of Financial Studies
23, 4242-4280.

Shibata, T., Nishihara, M., 2010. Dynamic investment and capital structure under

manager-shareholder conflict. Journal of Economic Dynamics and Control 34, 158-178.

Shibata, T., Nishihara, M., 2012. Investment timing under debt issuance constraint. Jour-

nal of Banking and Finance 36, 981-991.

Shibata, T., Tian, Y., 2012. Debt reorganization strategies with complete verification
under information asymmetry. International Review of Economics and Finance 22, 141

160.

Stiglitz, J. E., Weiss, A., 1981. Credit rationing in markets with imperfect information.

American Economic Review 71, 393—410.

Sundaresan, S., Wang, N., 2007. Investment under uncertainty with strategic debt service.

American Economic Review Paper and Proceedings 97, 256-261.

Whited, T. M., 1992. Debt, liquidity constraints, and corporate investment: Evidence
from panel data. Journal of Finance 47, 1425-1460.

29



:
— 1
0181 = = =0¢=08
== q=0.6
016 E
’
. ’
5 014r o0 o RS
3 Bac™Bic AdPte
T o012t N
S ..
3 Ptie
S o01f e
£ A
% 0.08 i
[%] . r N
g =
2
© 006 =
0 0
== E° >E
004} z 1c "2¢
0.02
o . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1

n (bargaining power)

Figure 1: The regions of Ef. > ES. (E{, < E9.) for a given ¢
These lines indicate the boundaries of E{, = EY.. For the left-hand side of the boundary,
we have the regions of E5~ > E7-. For the right-hand side of the boundary, we obtain
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Figure 2: Investment thresholds and equity values with respect to ¢ for n =1

The top, middle, and bottom panels are assumed to be 0 = 0.10, ¢ = 0.15, and o = 0.20,

respectively.

31



X' (investment threshold)

(investment threshold)

X

X' (investment threshold)

' Il

L
0.8864 1.0007 12

0.546

05442

0.5431

0.54{ ) L B
* L
\ ’ |
EY |
0.538 \ p | 4
Al N 4 I
. | I
-
0536 AEA i | ,
L L ! I
0.65 075 0.847 0.9656 105
q

E° (equity option value)

E° (equity option value)

E° (equity option value)

0.2848

0.2633

L '
0.8864 1.0007

0.358

0.3562

0.353

0.345

0.34
0.8

L
0.9263

.
0.9656

0.4480

0.4349

0.4

L

03
0

0.9771

Figure 3: Investment thresholds and equity values with respect to g for n = 0.5

The top, middle, and bottom panels are assumed to be 0 = 0.05, ¢ = 0.075, and ¢ = 0.1,

respectively.

32



T T T T — T T T T T T — T T
p—
05096~ — = = = = = = —— s e .
’ == -Elc
’ R
’” E2
- o
/‘, == Ex
3 B K
K H ke
¢ 204309 — — — — — — — — — — — — o
£ S ,’
z g %
é © 4
S ,
£ 2 ”
I 3 04r *
g g
: Z e
< w ’
054 1 1 1 L i 1 1 1 1 1 1 1 I 1 1 1
0 02 0.4 0.6 0.9449 12734 16 18 2 0 02 0.4 0.6 0.9449 12734 16 18 2
q q
T T T T T T T T 075 T
0.7203 o
[
o
07082 — — — = = ——— i — o — i — e e = = =B
o
07 ® - - E
. o
,\’ - B
=) T 0651 Kd B
% 0.68 _‘3 ’
2 g
£ 0.6689 5
g £ 0.6020
£ z
@ 3
= W oo0ss B
0.6322
062 05 4
06 045 . . . . . i .
02 0.4 0.6 0.9283 12 1.4320 18 2
q q
T T T T T T T T 095 T T T — T T T T

08101 | H
0.9099
o078l

g g o8
§ 07627 3
£ s
£ g
5 5
£ orat z
g

¢ goma

x W o7

0.7

L L
02 0.4 06 0.9317 12 1.6195 2

Figure 4: Investment thresholds and equity options values with respect to ¢ for n =0
The top, middle, and bottom panels are assumed to be 0 = 0.10, ¢ = 0.15, and ¢ = 0.20,

respectively.

33



0.673

=)
S
B
o N / /
£ (N , 7
g W /
E 0665F AN / Vi
3 Ny
¢ NS / /
£ A3 / //
= AN
A , ! //
N
7 /
0.6612|- \\ P ¥
XN - /
~ v
S L
S e -
0.6585 -

N aa=

[ L L
05 0.63 0.71 0.7945 0.9283

Figure 5: Optimal investment thresholds with respect to ¢ under n =1 and o = 0.15
The firm prefers bank debt financing for 0 < ¢ < 0.71 while it prefers market debt
financing for ¢ > 0.71. Investment thresholds jump downward at ¢ = 0.71 by increasing

q.

34



XJC (investment threshold)

i

X (investment threshold)

cs (credit spread, bp)

0.725

o
3

o
>
2
o

o
@
o

0.625

0.6

0.575

0.

0.665

o
o
3

0.655

0.645
0

120

100

80

60

40

20

In the two top panels, we assume ¢ = 0.7 and = 1. Then, we have zl, <

-—-

- =X

i
1c )

2¢ [

b
1 011

0.12 013

0.14  0.1495 0.1579
o

017

0.18

0.19

0.2

0.7

L
0.8198

0.9

L L
0.12 013

L
0.14

L
0.15
o

L
0.16

L
017

L
0.18

L
0.19

0.2

o
EAC

E°. (equity option value)

i

(equity option value)

0.6

L
0.14

o

P L
0.1495 0.1579

L
017

0.18

0.19 0.2

0.595

0.585

0575
0

0.1 0.2 03 0.4

70

cs (credit spread, bp)
o
3

Figure 6: Investment thresholds and values with ¢ for n =1

1%
The and
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This figure illustrates the effects of ¢ on the coupon payment (top panels), the default
probability (middle panels), and the credit spread (bottom panels). In this figure, we

simply write cs;(x

Figure 7: The effects of financial

ix ok ix *
i, c;) and cs;(2, €io) as cs; an
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Figure 8: The effects of financial constraints for n =1
This figure illustrates the effects of ¢ on the equity and debt values (top panels), the total
firm value (middle panels), and the leverage (bottom panels). In this figure, we simply

write Ff(xij*,c;‘-), Ff(xij*c, Cic), as I, Fig, respectively (F € {E,D,V},j € {1,2}).
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