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Abstract

This paper examines whether debt renegotiation mitigates the
agency costs associated with asset substitution. Inspired by the stud-
ies of Mella-Barral and Perraudin (1997) and Leland (1998) we have
developed an analytic continuous time model of a firm that has the
option to switch to a higher risk activity and renegotiate the terms

of the debt. Our model creates a tradeoff between increasing firm
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volatility and decreasing growth rate which characterizes the poten-
tial for asset substitution. This study finds that debt renegotiation
substantially reduces agency costs for moderate to high substitution
potential, but it increases the costs for low substitution opportunities.
Further evidence suggests that the effectiveness of debt renegotiation
in mitigating the costs of asset substitution is highly influenced by the
equityholders’ bargaining power. Our results show that agency costs

are eliminated by granting equityholders the entire bargaining power.
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1. Introduction

The possibility of debt restructuring upon financial distress is a central
element in the corporate finance literature. In particular, a number of stud-
ies examine the effect of debt renegotiability on capital structure and wealth
transfer between firm’s claimants. Asset substitution problem, first described
by Jensen and Meckling (1976), is another well-studied issue in the corpo-
rate financial theory. The purpose of this paper is to combine these two
strands of literature into one model and, moreover, to examine whether debt
renegotiation can mitigate the asset substitution problem.

The framework of this study is a unified dynamic model of capital structure
and risk selection. Our model relates to the dynamic contingent claims mod-
els of Leland (1998) and Ericsson (2000). Their models examine asset sub-

stitution by considering that equityholders have the flexibility to change firm



risk after debt is contracted. Equityholders’ risk-shifting incentives reduce
the ex post optimal firm value and, hence, generate agency costs. Agency
costs are expressed as the difference between the ex ante (before debt is
contracted) and the ex post (after debt is contracted) optimal firm values.
However, both papers do not examine debt renegotiation and ignore oppor-
tunity costs of risk-shifting. Staying in the tradition of this approach, sev-
eral relevant studies (e.g., Henessy and Tserlukevich, 2004; Ju and Ou-Yang
2005; Mauer and Sarkar, 2005) consider that the asset substitution problem
is equivalent to a pure risk-shifting problem. Intuitively, a setting that only
relates risk-shifting to volatility changes, can serve as a preliminary step in
studying equityholders’ risk-taking incentives. According to Décamps and
Djembissi (2007) the inclusion of risk-shifting costs in the asset substitution
problem is fundamental: “two problems jointly define asset substitution (i)
a pure risk-shifting problem acting on the volatility of the growth rate of the
cash flows, and (ii) a first order stochastic dominance problem acting on the
risk adjusted expected growth rate of the cash flows”.

In the present paper, we adopt the assumption that equityholders have
the ability to switch to a high-risk activity, but this decision entails an op-
portunity cost. This cost is reflected by decreasing the growth rate of the
high-risk profile. Notably, our study creates a tradeoff between increasing
firm’s volatility and decreasing growth rate which characterizes asset substi-
tution opportunities. Risk-shifting costs are indeed a crucial determinant of
the equityholders’ incentives for asset substitution and, hence, the agency
problem.

Although the asset substitution problem has been widely studied in the



literature, the role of debt renegotiation in mitigating the costs of asset sub-
stitution has received relatively little attention. The study of Flor (2011)
offers a first insight into the relationship between debt renegotiation and
risk-shifting incentives. However, this framework of analysis is restrictive
in the sense that asset substitution is only used as a threat to debt rene-
gotiation. Our study builds upon Leland (1998), who focuses on the joint
determination of risk policy and capital structure when the terms of the debt
are non-renegotiable, and both Mella-Barral and Perraudin (1997), and Fan
and Sundaresan (2000), who examine strategic debt renegotiation.

The influential studies of Anderson and Sundaresan (1996), Mella-Barral
and Perraudin (1997) and Fan and Sundaresan (2000) highlight the signifi-
cance of incorporating debt renegotiability in determining the firm’s optimal
capital structure. All these studies incorporate debt renegotiation under the
assumption that equityholders service the debt strategically. Debt renegoti-
ation takes the form of take-it or leave-it offers (from the equityholders to
debtholders or from debtholders to the equityholders) that lead to temporal
coupon reductions. In this paper, we establish a unified model of renego-
tiable debt that accounts for taxes and renegotiation costs. Mella-Barral
and Perraudin (1997) asset pricing model is nested in our model framework.
By setting the renegotiation costs and taxes to zero along with take-it or
leave-it offers, and assuming no risk flexibility, our model reduces to Mella-
Barral and Perraudin (1997). Francois and Morellec (2002), Roberts and
Sufi (2009), Pawlina (2010) and Favara et al. (2012, 2017) are also impor-
tant studies on debt renegotiation to consider.

Our analysis illustrates that the possibility of debt renegotiation mitigates



in most cases the asset substitution problem. In particular, the impact of debt
renegotiation on risk-shifting is highly influenced by the distribution of bar-
gaining power between equityholders and debtholders. Altogether, our model
shows that debt renegotiability, in combination with high equityholders’ bar-
gaining power, can serve as a mechanism to eliminate the asset substitution
problem.

The rest of the paper is structured as follows. Section 2 extends the pro-
posed model in order to include risk-shifting considerations. Section 3 deter-
mines optimal risk policies and provides a measure of agency costs. Section
4 presents the numerical results of our study. Finally, Section 5 concludes.
The generalization of Mella-Barral and Perraudin (1997) asset pricing model
to incorporate tax advantages to debt and renegotiation costs is presented

in Appendix A. Remaining proofs and derivations are given in Appendices

B and C.

2. Model Setup

The current section develops the proposed dynamic model of debt renegoti-
ation and asset substitution that incorporates tax advantages, renegotiation
costs and bargaining power of firm’s claimants. Subsection 2.1 presents a re-
view of the Mella-Barral and Perraudin (1997) asset pricing model of strategic
default and debt renegotiation. Subsection 2.2 generalizes the basic model to
include the tax benefits to leverage and renegotiation costs. Subsection 2.3
modifies the generalized model to incorporate the bargaining power of firm’s

claimants. Finally, Subsection 2.4 extends the developed model to study the



asset substitution problem.

2.1 THE BASIC MODEL

Mella-Barral and Perraudin (1997) consider a one-product firm selling a
unit of its product for a price, p;, where the price of the product is assumed
to follow geometric Brownian motion, while incurring constant production
costs, w, per unit output. In their model, bankruptcy reduces the firm’s
efficiency, by generating diminished net earnings per unit output. The degree
to which net earnings decline, is a measure of the magnitude of direct costs of
bankruptcy. After bankruptcy, the new owners of the firm are the debtholders
who have the option to liquidate the firm or maintain the firm’s operations
with diminished net earnings.

Mella-Barral and Perraudin (1997) determine the optimal capital struc-
ture and debt service under three different scenarios. In the first scenario,
the contracted coupon payments cannot be renegotiated and bankruptcy is
triggered endogenously by equityholders in order to maximize the value of eq-
uity. In the second scenario, equityholders can make take-it or leave-it offers
to creditors regarding contracted payments. The debt service is a piecewise
function of the output price, p;, applying to intervals which are uniquely
determined by the optimal trigger values of p;. As a consequence, debthold-
ers accept a reduced service flow within the renegotiation region. In the
third scenario, the alternative polar case of debt renegotiation is examined
in which debtholders have maximum bargaining power and can make take-it

or leave-it offers to equityholders regarding debt service. Here, debtholders



have an incentive to maximize the value of their claim and minimize the value
of equity. Throughout the analysis, it is assumed that the levered firm has
issued perpetual debt with face value, b/r, and coupon, b.

Because we are interested in risky debt, we further assume that debt prin-

cipal is no less than the liquidation value, 7, and hence, v < b/r.

2.2 GENERALIZED ASSET PRICING MODEL

In order to examine the effect of potential risk-shifting, Mella-Barral and
Perraudin (1997) model is generalized to include the tax advantages of debt
and renegotiation costs. Similar to a large strand of the literature we assume
that the cash flow to equityholders is taxed at a rate, 7, while the coupon
payments are tax deductible. Fan and Sundaresan (2000) assume that the
tax advantage is lost inside the renegotiation region and is restored when the
full coupon payment is made. The tax structure adopted here is based on
this reasonable assumption.

In addition, the analysis herein assumes a costly debt renegotiation process.
The proposed model formulates the Mella-Barral and Perraudin (1997) model
so as to include renegotiation cost by assuming that renegotiation of debt
service incurs a cost, 0, per unit of time when the full contracted coupon, b,
is not paid. The incidence of this cost will be entirely on equityholders in the
case of equityholder offers and on debtholders in the case of debtholder offers.
We define the renegotiation cost function C'(p) over the interval [p., ps), where
Pe is the output price that triggers bankruptcy and py is the lowest price

at which equityholders pay the contracted payment, b. Subsequently, we



determine C(p) as the value of a claim that provides a payment ¢ when
the output price p; lies in the interval [p.,ps) and zero when p; > ps. It
follows that the renegotiation cost function C'(p) satisfies ordinary differential

equations

8 + upC'(p) + Zp*C"(p)  for p € [pe, ps),
rC(p) = ’ (1)

pupC' (p) + Zp*C" (p) for p € [ps, 00),

where p is the rate of return and o is the risk of the asset return.

Analytic solutions for equity and debt values as well as the optimal service
flow function for each renegotiation scenario (no-renegotiation, with equi-
tyholder offers, with debtholder offers) are obtained in Appendix A. Fur-
thermore, a detailed mathematical treatment of the generalization of the
basic model to incorporate corporate taxes and renegotiation costs is also

presented.

2.3 NASH BARGAINING GAME

Having determined the model of optimal capital structure for the non-
renegotiable debt and the two limit cases of debt renegotiation, we pursue a
Nash equilibrium analysis in order to take into consideration the bargaining
power of firm’s claimants. Mella-Barral and Perraudin (1997) presume that
there are only two extreme debt renegotiation scenarios, the cases that either
equityholders or debtholders hold all the bargaining power. Our analysis ex-
tends this approach by considering that the bargaining power is distributed

among the firm’s claimants. By adopting the notation made by Fan and Sun-



daresan (2000), we define i to be the equityholders’ bargaining power that
takes values in the interval [0, 1]. Since 7 is the equityholders’ bargaining
power coefficient, 1 — n corresponds to the debtholders’ bargaining power.
Here, the firm’s claimants bargain over the net firm value W(p) — C'(p) with

equityholders receiving a fraction 6* (W(p) -C (p)) and debtholders receiv-

ing the remaining (1 — 6%) (W(p) — C’(p)). The sharing rule 6* is optimal
if it is the solution of the Nash bargaining game. Given that the payoffs of
equityholders and debtholders for quitting renegotiation are zero and X(p),

respectively, the Nash bargaining solution can be expressed as

= agnas| (o(wi) ) ) (0 -0 (wiw - ) - xw) ]

o X(p)
T ) =) @

where X (p), W(p) and C(p) are given by Equations (A-4), (A-18) and (A-20)
respectively, with p.; = p. and ps; = ps. Given the optimal sharing rule 6*,
we may now derive the values of equity V' (p) and debt D(p) as well as the

optimal renegotiation trigger, ps. The equity value is given by

n(W(p) - X(p) — C(p)) for p € [pe, ps),




The value of debt can be expressed as

nX(p) + (1 —n)(W(p) —C(p)) for p € [pe,ps),

D)=+ [nx<ps> - (W@s) ()

—ce) -t (2)" for p € [p,.o0).

=

\

where p; is determined from the smoothness condition %—?|p¢psz %—lp)]mps and

equals

M (I=-7)1=-n(1-&)w+(1—-7+n7)b
D=y T—ni-&)rd-7 r=w.

Applying the optimality condition W’(p.) = 0 allows for determining the
default trigger, p.. The latter is given by the implicit solution of the following

equation

)\1 - 1)pc

r( e\
(I1—71) p— —)\1(’7T—|—5—|—(1—T)w)+)\1(Tb+5)(—) = 0.

(6)

From Equation (6) it can be seen that if taxes and renegotiation costs are
zero (T = § = 0), the bankruptcy triggers for the cases of all-equity financing
and debt financing with renegotiable debt are the same, p: = p.. The opti-
mal debt service is found by substituting D(p) into the ordinary differential

equation

2

rD(p) = s(p) + D' (p) + T0*D" (). p € pepil. (7)
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Given that s(p) = b if p > ps, we can directly obtain the expression for

optimal debt service s(p)

(

nry+(1—71)(1—mn) (p—w— 11) for p € [pe, ),
S(p) - (1 - T) [(1 - 77) (p —w— &) + n <€1p - ng)] fOI‘ p € [pxaps)7

b for p € [ps, 00),
(8)

where p, is the optimal default trigger of the debtholders running the firm

\

and is given by Equation (A-5).

2.4 RISK STRATEGY SELECTION

The proposed asset pricing model is further extended by considering that
firm volatility ¢ and growth rate p are not constant and the firm is flexible
to change its risk strategy. So far, a large strand of the literature studying
the asset substitution problem (Leland, 1998; Ericsson, 2000) has assumed
that altering the firm risk is costless. A necessary modification is to sup-
pose that risk-shifting imposes a cost on equityholders. Risk-shifting cost
is reflected in lowering the growth rate u associated with the high volatility
strategy. To study this extension of the model, we assume that equityhold-
ers have the option to choose between two firm activities related to different
volatilities and growth rates. We denote by H and L the high- and low-risk
activities, respectively, imposing the assumption that oy > o and py < pp.
The inclusion of risk-shifting alters the discussed model in a simple fashion.

More specifically, the solutions for the firm, debt and equity values are deter-
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mined by substituting u, A\; and Ay with u;, A} and N to the corresponding
expressions of the previous section, where, 1 = H, L.

In order to investigate the influence of a given tradeoff between decreasing
growth rate and increasing firm volatility on the risk strategy choice, we
concentrate on non-renegotiable debt. We start by examining two extreme
cases, the case that equityholders always choose the high-risk activity and
the polar case that the safe activity is always chosen. The following lemma
shows that when puy = g and oy > o, the value of equity V(p) becomes

equal to Vi (p).

Lemma 1. If the terms of the debt cannot be renegotiated and the increase
in risk is costless (ug = pr, oy > or) then, equityholders always choose the
high-risk profile. This condition implies that the firm goes into liquidation at

the trigger price pf.

Here, equity value is an increasing and convex function of the output price
p. In turn, this implies that there is a positive relationship between eq-
uity value and the volatility of the output price, p. Figure 1 shows that
Vp € (0, 00), VH(p) >V (p) thus, equityholders always choose the high-risk
profile and provoke liquidation at the trigger price pf’. Equityholders’ opti-
mal decision is driven by the fact that the bankruptcy trigger is decreasing
with the volatility, so a necessary condition for never being optimal by eq-
uityholders to switch to the high-risk profile is p > pF. This condition
occurs when the cost of increasing the firm risk is extremely high, hence,
for a given increase in firm volatility Ac = oy — o the decline in growth

rate Ap = pp — pg is enormous. The following lemma shows that when

12



iy << pr and oy > oy, the value of equity V(p) becomes equal to VL(p).

Lemma 2. If the terms of the debt cannot be renegotiated and pt < pf! then,
equityholders always choose the low-risk profile. This condition implies that

the firm goes into liquidation at the trigger price pk.

Here, the cost of increasing the firm risk is so high that it is optimal
for equityholders to never adopt the high-risk profile. More precisely, the
condition pE < p ensures that Vi(p) > Vi (p) Vp € (0,00) (see Figure 2).
Mathematical proofs of these two lemmas are presented in the Appendix B.
The findings of the above analysis are consistent with the study of Décamps
and Djembissi (2007).

When the firm is financed with renegotiable debt then an analytical proof
for the equityholders’ incentives cannot be obtained. The analysis there-
fore relies on numerical methods. As expected, the findings show that debt
renegotiation does not affect the optimal decision of equityholders for never
switching to the safe (high) activity when pg = pr (pg << pr).

However, in practice, equityholders immediately choose the high-risk ac-
tivity in order to exploit potential tax advantages, whereas for larger values
of the output price it may be optimal to switch to the low-risk activity (see
Figure 3). Consequently, our analysis focuses on more realistic cases, where
neither always adopting the safe or the high-risk profile is optimal. This
approach is achieved by formulating the presented model so as to create a
reasonable tradeoff between firm volatility ¢ and growth rate p and is de-

scribed in the following section.
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3. Determination of Optimal Risk Choices and
Agency Costs

The firm chooses its optimal risk switching point pg;, depending on whether
the switching decision can be committed ex ante or will be selected ex post.
The ex ante determination of optimal risk strategy is characterized by the
claimholders’ incentives to maximize the initial firm value. On the other
hand, the ex post optimal risk profile is characterized by the equityholders’
incentives to maximize the value of equity. The loss in firm value that arises
from equityholder’s incentives is used as a proxy for the magnitude of the
agency problem. This measure of agency costs, first established by Leland
(1998), has also been adopted by several studies (Ericsson, 2000; Décamps
and Djembissi, 2007; Djembissi, 2011) on asset substitution.

The switching trigger py; characterizes the firm’s optimal risk strategy,
thus implying that the firm adopts the low volatility strategy when p > pyp
and the high volatility strategy when p < pyr. Note that higher volatility is
associated with a lower growth rate, hence, if oy > o then also ug < pp.
The following subsections determine the ex ante and ex post optimal risk

policies and capital structure for both cases of debt renegotiation.

3.1 NON-RENEGOTIABLE DEBT
3.1.a Valuation of Claims for Non-Renegotiable Debt

First, we determine the values of the firm’s debt and equity by considering

that p, < pgr. The specified ordering implies ¢ = oy, p = py when
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oy < p < pgrand o =op, p= pr when p > pyr. Debt value is obtained
by solving Equation (A-6) with no-bubbles condition, default condition at
Py, value matching and smooth pasting conditions at the risk switching point
prr- The general solution to Equation (A-6) in the high and low volatility

regions is given by

A

D(p) = DAH(p) = -+ CAE1H10/\{{ + dQHp/\g P € [Py, PHL),

R WSS
©
N~—

= le(p) = + CALle)\f —+ CALQLP)\QL pE [pHLa 00)7

where the analytical determination of constants a1y, oy, a1, and asoy, is pre-
sented in Appendix C.
Similarly, equity value is the general solution to Equation (A-7) in the high

and low volatility regions

V(p) =

VMMzﬂ—ﬂ( p__with

r—Uug T

R

r— [ r

A H 2 H
) +b1ap™ + boyp™ D € [Py, L),

) + 81LPA1L + B2LPA§ p € [pur, ),
(10)

where 131 H,I;QH,Bl 7 and ZSQL are determined from the boundary conditions.
More precisely, the unknowns equity coefficients are defined by the absence of
bubbles condition, the bankruptcy condition at p,, the continuity conditions
both in levels and in first derivatives at py (cf. Appendix C).

Firm value in both volatility regions is the sum of debt value and equity

15



value

W(p) =
WH(p) = DH(p) + VH(p)  p € [p,pur), (11)
WL(p) = DL(p) + VL(p)  p € [pur, o).
The default trigger p, is endogenously determined by equityholders to max-

imize the value of their claim. The latter is implicitly determined by the

smoothness condition at p = p,

A . OVH (p,py, prr, b, €
hl (pbvaL» ba 61) - (p pgppHL 1) |P:Pb: 0, (12)

where €, = (og, 0, w, iy, jir,, 7, T) is the exogenous parameter vector.

3.1.b Optimal Risk Strategy for Non-Renegotiable Debt

As in Leland (1998), our study measures agency costs by the difference
between the ex ante and the ex post optimal firm values. The ex ante optimal
risk switching trigger pyy,, default trigger p, and coupon b are determined by

maximizing the initial value of the firm

max W (P, v, PEL, b, €2) |p=po (13)

Pb,PHL,D

subject to the smooth pasting condition (12), where the exogenous parameter
vector is € = (o, 0p, W, fig, fir, 7, 7,7, &1, &0). Depending on the value of py,
1474 equals WH, if p, < po < pgr and WL, if po > pur.

The ex post optimal risk strategy is determined by obtaining the maxi-

mum of (13) subject to (12) and the super contact optimality condition, first

16



documented by Dumas (1991). The latter is given by

. .. VL O?VL
hs (vapHL,b,El) W‘PTPHL apg ’pipHL (14)

= 0.

The boundary condition (14) ensures that the risk switching point pg, is se-
lected optimally so as to maximize equity value. Here, two optimal solutions
are determined, one with p, < py < pyr, and one with pg > pyr. The ex
ante and ex post optimal risk strategies corresponding to the larger initial

firm value are selected.

3.2 RENEGOTIABLE DEBT
3.2.a  Valuation of Claims for Renegotiable Debt

With renegotiation, our analysis adopts the assumption that during the
renegotiation process the firm’s risk remains unchanged, hence, p. < p, <
ps < pgr. Consequently, it is assumed that the high-risk level is chosen if
p < pgr and the low-risk level if p > pyy. First, the value of the firm in the

high- and low-risk regions can be written on the form

(1—7)( p %)+a1 P 4 agepH P € [pe:ps),

+ b b aygpMH 4 agpp™H D € [ps:PHL),

w b
WL(p) = (1—-71) ( b 7) + — + arp™E + agLp’t  p € [pur, 00).
(15)

17



Constants aq, ass, G154, a2y, a1, and asy, are determined from asymptotic con-
dition, default condition, value matching and smooth pasting requirements
at ps and pyy, (cf. Appendix C).

The renegotiation cost function satisfies the set of ordinary differential

Equations (1). It follows that

Cp) =

g + blsp)\lH + bQSp/\QH p € [pmps)?
CH(p) = (16)

bigp™H + by p2H p € [ps,pu1),

CL(p) = bipp™* + byrp™t  p € [prr, 00).

Again, boundary conditions are the zero renegotiation costs at default, the
no-bubbles condition and the value matching and smoothness conditions at
ps and pgr. Unknown constants by, bas, b1y, bog, b1y, and by, are defined by
Equation (C-5) in the Appendix.

In this setting the debt value function is the solution to Equation (A-14)

with §(p) = s(p) and is given by

nXH(p) + (L —n) (WH(p) = CH(p))  p € [pe;ps),
D(p) = DH(p) =

Yt erppMH + cogpen p € [ps, PHL),

I

-
=
=

I

9 AL Aor
. + ciLp™ + corp p € [pur,00),
(17)

where the unknown constants ciy, con, ¢ and cop are determined by the
appropriate boundary conditions (see Appendix C for complete derivation).

The after bankruptcy firm value X H(p) is given by Equation (A-4), where

18



p and \; are replaced by uy and A of the high-risk strategy. Moreover,
the trigger p, is the one that maximizes the value of X H(p) and is given by
Equation (A-5) after substituting A\; and pu with A and up, respectively.

The value of the firm’s equity in both volatility regions will then equal

Vip) =
VH(p)=WH(p)— DH(p) — CH(p) p € [pe; prr), (18)

VL(p) =WL(p) — DL(p) — CL(p) p € [pur, ).

When equityholders make take-it or leave-it offers to debtholders regarding
debt service, the bankruptcy trigger p., is chosen by the equityholders in
order to maximize the value of equity, VH'(p.) = 0. In the opposite case
that bondholders’ bargaining power n is maximum, p. is the root of the
smooth pasting condition DH'(p.) = 0. Since, the after bankruptcy firm
value X H(p) is independent of the default trigger p,, it follows that p, is the
root of the smoothness condition

OWH—-CH
hl (pmpsvaLv ba 61) = ( ap ) |P=pc: Oa (19)

where €, = (og, o, w, pg, g, 7, 7,7,0). A closed form expression for p,. is
not possible to be determined but a solution can be obtained numerically
given ps, pur, b and €.

The renegotiation trigger p is found by applying the smooth pasting con-
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dition to the value of the firm’s debt

o ( be) 8DH| 8DH|
cyMxy Vs , 0, € = 5 T
2 \Pey Pz, Ps, PHL 2 ap pTps ap plps

(20)
=0,

where €3 = (o, 00, w, gy, pp, v, 7,7, 0,1, &0, 7). Again, an analytical expres-
sion for p, cannot be determined but a solution can be derived from numerical

algorithms given p., p., prr, b and €.

3.2.b  Optimal Risk Strategy for Renegotiable Debt

Similarly to the no-renegotiation case, our analysis studies the agency prob-
lem by measuring the difference between the ex ante and ex post maximal
firm values. In each case, the optimal debt structure is associated with the
coupon payment b that maximizes the initial firm value.

When the risk switching strategy can be committed before debt is in place,
the firm will optimally choose its coupon b, risk switching trigger pg,, default

p. and renegotiation p, triggers to maximize the initial firm value

max W(papcapxapsapHL;b7 63) |p:po (21)

DesPssPHL>D

subject to the smoothness conditions (19) and (20). The exogenous param-
eter vector is €3 = (0, 0L, W, fhgg, r, T, T,7)-

When the risk switching strategy is determined ex post, after debt is con-
tracted, the optimal risk switching trigger py; will be chosen so as to max-
imize the value of equity. Our analysis, imposes continuity of the second

derivatives of equity value at pyr to ensure that pgyp is ex post optimal.
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This additional condition is the so-called super contact condition that can

be written as

hs ( bey) = VL FVL
Pes PxyPss PHL, 0, €2) = —(5—— N —
3 HL 2 apz pTPHL apg plpHL (22)

=0.

Consequently, the firm will choose the optimal ex post risk policy to maximize
the initial firm value (21) subject to the conditions (19), (20) and (22).
Here, our model distinguishes two cases for the valuation of expression (21),
one with ps < py < pgr, and one with pg > pgyr. Thus, W(py) = WH(pg) in
the former case and W(py) = W L(po) in the latter. Our analysis keeps the
solution and its associated optimal risk profile that corresponds to the larger

initial firm value.

4. Numerical Implementation

4.1 NUMERICAL RESULTS

In this section, a numerical implementation of the developed model is
performed. More precisely, a series of numerical examples investigate the
presented modeling framework and analyze the characteristics of the risk-
shifting problem. Table I shows the base-case parameter values that are
adopted in our analysis. The parameter values considered here are standard

in the relevant literature.

Insert Table I Here

21



Tables II, III, IV and V list for several cases of debt renegotiation the op-
timal ex ante and optimal ex post risk profiles and optimal capital structure.
Table II reports the numerical results for the non-renegotiable debt, while
Tables III, IV and V focus on renegotiable debt with bargaining power n

being equal to 1,0.5 and 0, respectively.

Insert Tables II, III, IV and V Here

Examining these tables reveals the following observations:

1. In our model, when the firm’s risk profile can be contracted ex ante
to maximize firm value, the firm will choose the high-risk activity for
low values of the output price to take advantage of debt tax shields.
When the firm’s risk profile is determined ex post to maximize equity
value, the firm will choose the high-risk activity for greater values of the
output price. Table II illustrates this point with optimal risk switching
trigger pyp increasing from 0.67 in the ex ante case to 1.12 in the ex
post case. In Tables III, IV and V the optimal risk switching trigger
prr increases from 0.88,0.90 and 0.91 in the ex ante case to 1.47,2.38
and 3.28 in the ex post case, respectively. This finding reflects for all
the cases of debt renegotiation the severity of the asset substitution

problem.

2. The results of the model indicate that agency costs of renegotiable
debt are lower comparing to non-renegotiable debt. In particular, the
increase in equityholders’ bargaining power leads to a bigger decline in

agency costs corresponding to renegotiable debt. For n = 0, agency

22



costs associated with renegotiable debt are the highest (9.63%), but
are still lower than agency costs of non-renegotiable debt (10.02%). If
equityholders and debtholders have equal bargaining power n = 0.5,
the agency costs of debt are reduced (6.81%). Finally, if equityholders

hold all the bargaining power n = 1, the agency costs are the lowest
(3.92%).

. Optimal leverage ratios decrease relative to the ex ante case, confirming
the predictions of Leland (1998) and Décamps and Djembissi (2007).
In particular, when the debt is non-renegotiable the asset substitution
problem tends to be more severe and this decrease in leverage ratios

becomes maximum.

. As expected, our model predicts high optimal leverage ratios when the
terms of the debt cannot be renegotiated. Notably, when the debt is
renegotiable, the degree of leverage depends crucially on the bargaining
power of firm’s claimants. Precisely, Tables III, IV and V show that the
larger the bargaining power of equityholders 7, the lower the optimal
leverage ratios. This result can be explained considering that credi-
tors anticipate debt renegotiation and impose a limit on debt capacity.
Thus, the value of debt issued by the firm will be positively related to

the creditors’ bargaining power, 1 — 7.

. Not surprisingly, yield spreads increase significantly with respect to
the ex ante case for both renegotiable and non-renegotiable debt. As
in Mella-Barral and Perraudin (1997) our results indicate that servicing

the debt strategically will substantially increase yield spreads, reflect-
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ing the high riskiness of renegotiable debt. Remark however that an
increase in the bargaining power of equityholders 7 leads to a reduction
in the yield spreads of debt. This finding underscores the existence of a

positive relationship between yields of corporate debt and agency costs.

6. The renegotiation trigger p, decreases relative to the ex ante case for
all cases of renegotiable debt. The interpretation of this observation is
the following. When the firm’s risk profile is determined ex post, the
average firm risk is greater. As risk increases, the postbankruptcy firm
value increases as well. Consequently, the bondholders’ bargaining po-
sition strengthens and, thus, the ex post optimal renegotiation trigger

ps falls.

4.2 SENSITIVITY ANALYSIS

To enhance the interpretation of our findings, we conduct a sensitivity
analysis of the ex post maximal firm value Wy (or WO), the optimal risk
switching pyr and renegotiation p, triggers, the leverage ratio L, the yield
spread Y S and the agency costs AC with respect to the main model param-
eters, for both renegotiable and non-renegotiable debt. The baseline values
of the model parameters are listed in Table 1.

Figures 4 and 5 illustrate the optimal capital structure and risk profile as
a function of oy for non-renegotiable and renegotiable debt, respectively. As
volatility increases, the risk switching trigger pyy, the renegotiation trigger
ps, the agency costs and the yield spreads increase as well. This can be

explained by considering that the potential of risk-shifting becomes greater
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with oy. As expected, leverage and maximal firm value fall with o5 when the
terms of the debt cannot be renegotiated. Less expected is the slight increase
in leverage ratio of renegotiable debt. The latter finding can be attributed to
the fact that leverage rises substantially with oz when the firms’ optimal risk
policy is determined ex ante. Note that as the asset substitution problem
becomes more severe, the agency costs of renegotiable debt are significantly
lower than those of non-renegotiable debt.

Figures 6 and 7 examine the effect of different growth rates py. Here,
the increase in puy reduces the opportunity cost of employing the high-risk
activity and, thus, implies a higher potential for asset substitution. Conse-
quently, the optimal risk switching trigger py; and yield spreads for both
non-renegotiable and renegotiable debt increase with py. Raising puy has
two opposite effects on optimal capital structure. When the optimal risk
switching trigger pyy, is low (pyr < po), a moderate increase in uy leads to
a decrease in the ex post firm value and a corresponding increase in agency
costs of debt (that is agency costs are positively related to the equityholders’
risk-shifting incentives). When the optimal risk switching trigger py is high
(pL > po), an increase in py raises the initial firm value and as a conse-
quence lowers the agency costs of asset substitution (that is growth rates are
reversely related to the probability of default). For the current parametriza-
tion, the first effect dominates if the debt is non-renegotiable and the second
one if the debt is renegotiable. In particular, our results indicate that the op-
timal risk switching trigger py associated with renegotiable debt is greater
than with non-renegotiable debt. This finding stems from the model’s un-

derlying assumption that tax benefits are suspended inside the renegotiation
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region and, thus, when the debt is renegotiable, the firm will optimally switch
to the high-risk activity at a higher trigger price pyr.

Figure 6 shows that agency costs of non-renegotiable debt increase with
g but experience a slight decrease as the opportunity cost of employing
the high-risk strategy approaches zero. Not surprisingly, optimal leverage
ratios decrease compared to their ex ante values. When the firm’s claimants
renegotiate debt service, agency costs fall with uy (see Figure 7). In this
case the ex post optimal switching trigger pgy is significantly greater than
po and the firm initially adopts the high-risk profile. Consequently, firm value
increases with py and, hence, the optimal leverage ratios and renegotiation
trigger p, increase as well.

Figure 8 considers changes in the renegotiation cost §. Higher costs pro-
duce lower equity and debt values, because the incidence of the renegotia-
tion cost is assumed to be equally distributed between creditors and debtors
(n = 0.5). Accordingly, optimal leverage ratios decrease with ¢ and, hence,
yield spreads are higher. Agency costs, optimal risk switching pg;, and rene-
gotiation p, triggers are relatively flat. As expected, the renegotiation cost
parameter § plays no role when the debt in non-renegotiable, since it does
not affect the optimal switching policy.

Figure 9 charts the effect of equityholders’ bargaining power 7. Not sur-
prisingly, the maximum firm value is obtained when bondholders hold all the
bargaining power, 7 = 0. Increasing equityholders’ bargaining power 7 re-
duces significantly the debt capacity and, hence, the optimal leverage ratios.
It can be seen that equityholders’ bargaining power coefficient 7 is negatively

related to the risk switching trigger py. Consequently, yield spreads and
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agency costs of renegotiable debt fall with 7, reflecting the reduction in av-
erage firm risk. The explanation for this finding is fairly straightforward. As
7 increases, equityholders are more willing not to loose their increasing op-
tion value to renegotiate coupon payments, thus their risk-shifting incentives
are mitigated. Less expected is that the renegotiation trigger p, decreases
slightly, despite the increase in equityholders’ bargaining power n. This hap-
pens because an increase in 7 has two opposite effects on the value of p,. First,
it increases the probability of strategic default and accordingly the trigger
price p,s at which debt renegotiation commences for obvious reasons. Second,
it reduces the debt value and its associated coupon payment b, which tends to
reduce equityholders’ strategic considerations and, hence, the renegotiation
trigger, ps. For the current set of parameters, the second effect dominates.
Note that n has no impact on the firm’s optimal capital structure and risk
profile when the terms of the debt cannot be renegotiated.

Figure 10 examines the effect of the growth rate of high-risk profile p1y on
the agency costs of renegotiable and non-renegotiable debt. The opportu-
nity cost of adopting the high-risk activity declines in volatility, and, hence,
agency costs of asset substitution rise for both types of debt. The effect of
debt renegotiation in mitigating the equityholders’ risk-shifting incentives is
positive if the asset substitution problem is severe (the right region in the
subfigures). When the potential for asset substitution is low (the decrease in
the growth rate uy is large relative to the increase in the volatility oy) - the
left region in the subfigures - and debtholders hold most of the bargaining
power (1 close to 0), then debt renegotiation worsens the asset substitution

problem. Our numerical results suggest that agency costs of renegotiable
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debt highly depend on the equityholder’s bargaining power, n. For moderate
to high values of i (n > 0.5 for the baseline parameters), the agency costs
of renegotiable debt are considerably lower than those of non-renegotiable
debt.

Figure 11 presents agency costs at varying levels of equityholders’ bargain-
ing power coefficient 17 and growth rate of high-risk profile g, for both rene-
gotiable and non-renegotiable debt. For most values of the couples (up,n),
a debt contract that allows the firm to renegotiate coupon payments, sub-
stantially reduces the agency costs of asset substitution. However, when the
risk-shifting potential is low and the shareholders’ bargaining power 7 is close

to zero, it is better choosing the non-renegotiable debt.

5. Conclusion

This paper studies the relationship between asset substitution and the
firm’s option to renegotiate debt contracts. Our debt renegotiation model is
inspired by the asset pricing model of Mella-Barral and Perraudin (1997),
that focuses on strategic debt service, and it integrates key elements of
the models of Leland (1998), Fan and Sundaresan (2000) and Décamps and
Djembissi (2007). The proposed model includes debt renegotiability by mod-
ifying the basic model to take into account the tax advantage to leverage, the
renegotiation costs and the equityholders’ bargaining power. For comparison
purposes, the case of non-renegotiable debt is also examined.

Our model also incorporates asset substitution in a setting where equi-

tyholders’ risk-shifting incentives alter not only the volatility, but also the
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growth rate of the firm’s assets. Specifically, our study assumes that risk-
shifting is not costless and, hence, the opportunity cost of adopting the high-
risk profile is reflected in the reduction of its growth rate. The analysis
framework creates a tradeoff between the increase in volatility and the de-
crease in growth rate which characterizes asset substitution opportunities.
On the one hand, when the increase in risk is large with respect to the de-
crease in growth rate, the potential for asset substitution is high. On the
other hand, when the increase in firm’s risk is accompanied by a relatively
high opportunity cost, asset substitution opportunities are low.

Numerical implementation of the discussed model determines the firm’s
optimal capital structure and risk policy for both types of debt (renegotiable
and non-renegotiable). Agency costs, leverage ratios and yield spreads of
debt are calculated for a range of model parameters. Our results indicate
that for modest to high risk-shifting opportunities, debt renegotiation mit-
igates agency costs of asset substitution. In contrast, when equityholders’
risk-shifting incentives are weak, it may then be optimal for the firm to
design debt contracts that are non-renegotiable. A central element in deter-
mining the efficiency of debt renegotiation is the bargaining power of firm’s
claimants. Precisely, our analysis shows that agency costs of asset substitu-
tion can be significantly reduced by strengthening the bargaining position of

equityholders.
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Appendix A

DERIVATION OF GENERALIZED ASSET PRICING
MODEL

Mella-Barral and Perraudin (1997) asset pricing model is generalized to
include tax advantages of debt and renegotiation costs. Consider a firm that
sells one unit of its product for p; while experiencing constant production

costs w. It is assumed that p; follows the geometric Brownian motion
dpt = pdt + opydBy,

where 1 is the expected growth rate and o is the volatility of p;. Since the firm
is less efficient after bankruptcy, the firm income p; — w before bankruptcy,
diminishes to & p; — & after bankruptey, where & < 1 and & > 1. We
make the assumption that the firm earnings are taxed at a corporate tax
rate 7 but that coupon payments are tax deductible. Hence, the firm net
earnings flows are (1 —7) (p; — w) and (1 — 7) (&1p — Ew) before and after
bankruptcy, respectively.

With the tax structure in place, the value of the firm under pure equity

financing is the solution to the ordinary differential equation

() = (1) () + W) + S0 (A
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with general solution,

where

0% — 2u — \/(02 —2u)° + 8o2r
202 ’

o? — 2+ \/(02 —2u)” + 8o2r

202

9 =

and the unknown constants a;, a, are determined from the appropriate
boundary conditions. The value matching condition W (p?) = =, ensures
that the firm value at closure equals the liquidation value of the firm . In

addition, assuming that asset prices are free of bubbles the following condi-

tion holds lim W (p) = (1 —7) ( - ﬂ). The optimal liquidation trigger
pP—00

r—pu T
ps is the one that maximizes the firm value, and is determined from the
smooth pasting condition, W’ (p¥) = 0.

Solving for W (p) and p* we derive the following expressions

W)= (1= (Tfu_%>+ {7_(1_7) (rzizu_%)]

M (A-2)
(%) for p > pZ,
De
. A 1—-7w+r
P, B Gk Lk i Y (A-3)

1-N (1-7)r

v

For p < p, W(p) = .
Alternatively, the model examines an initially levered firm that after declar-

ing bankruptcy, ends up as an all-equity firm operated by its former debthold-
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ers. The total value of the pure equity firm in the hands of the new owners
after bankruptcy X (p), satisfies Equation (A-1) after the firm net earnings
flow (1 —7)(p —w) has been replaced by (1 —7) (&p — §w). Associated

with this equation are the boundary conditions X (p,) = 7 (value matching)

and lim X(p) = (1 —17) <5”’ — ’5()7w> (no-bubbles). Consequently, X (p) is

p—00 Tp
given by
o §1p Sow §1Pe Sow
-0 (552 - (825

(A-4)

p\™
(2)" b,
Do

where p, is the optimal liquidation trigger of the creditors which is defined

by the smooth pasting condition X’(p,) = 0 and is equal to

A1 —7)w+1r
pe= 2 S ). (A-5)

Similarly, for p < p,, X(p) = .

A.1 Without renegotiation

If the terms of the debt are non-negotiable, the firm has an incentive
to maximize its value and declare bankruptcy when coupon payment failure
occurs. The firm issues debt in order to benefit from the favorable tax system
and promises to pay debtholders the contracted coupon, b until liquidation

takes place at p,. Under these assumptions, the values of debt and equity
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are the solutions to the ordinary differential equations

rD() = b+ D' (p) + 0D (o), (A0
W) = (1= —w— b+ V) + S0 (A)

The general solutions to Equations (A-6) and (A-7) are

R b
D(p) = - + bip™ + byp™?,

. w+b
Vi) = (-7 (L= ) s,

where the unknown quantities by, by, b3 and by are determined by the default
conditions at the trigger p, and the no-bubbles conditions. Therefore, under
the no-arbitrage assumption, the value of debt at default must equal that of
debtholders’ outside option, ﬁ(pb) = X(pp) and the value of equity at default
must equal zero, V(pb) = 0. Furthermore, asset prices are free of bubbles,
hence, plggo D(p) = Y and plggo Vip) = (1—7) <ﬁ - w%”’) Because the

quantity p*? tends to infinity as p goes to infinity, the constants by and by are

zero. Consequently, b; = —pb_’\l [X (pp) — 2] and the value of debt is given
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Similarly, by = —p, [(1 —7) ( P _ w+b>} and the value of equity is given

V(p)=(1-7) [Tfu—w:b‘ (r%u_w:b) (1%)1 (A-9)

for p > py.

The default trigger point, py, is the one that maximizes equity value and
is computed from the smoothness condition % (pp) = 0. The bankruptcy

trigger py is equal to

_ )\1 w4+ b
1—)\1 T

Dy = (r—p). (A-10)

Firm value W(p) equals the sum of the levered firm’s equity and debt values,

V(p) + D(p) and is given by

W) = a-m) (- 2) + 2o [x - 2

1o ( ) () e

It should be noted that if p, > p, then the value of X (py) is given by Equation

(A-11)

(A-4). If py < ps, then X (py) = v, and hence, debtholders will prefer to lead
the firm into bankruptcy at p, rather than operate the firm with diminished

earnings. This condition occurs if

So’w + -

1-7

&1

ry <b<
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A.2 With renegotiation

If equityholders make take-it or leave-it offers on coupon payments to cred-
itors, the optimal function of coupon payments §(p) is a uniquely determined
function of the output price p. If the output price p reaches the default trigger
pe1, then immediate liquidation takes place. As the output price increases,
the trigger level pg; is reached and equityholders have an incentive to pay
the contracted payment to bondholders. Debt payment is less than the ini-
tially contracted coupon when the output price p lies in the interval [pe1, ps1)-
Specifically, for production cost w > —Ab(r — u)/[(1 — 7) & (r — Aip)], the
debt service becomes negative. In this case, the company experiences operat-
ing losses and creditors inject cash to cover them. The optimal debt service

5(p) is determined by the following equation

2

N ! o 1
rX(p) = 5(p) + upX'(p) + EPZX (p) (A-12)
and is given by
T7 fOI' D € [pclapx)a
5(p) = (1 —=7)(&p —&uw) for p € [Pz, ps1), (A-13)
b for p € [ps1, 00).

The presence of renegotiation costs does not affect debt values. Hence, debt
value D;(p) satisfies the equation

0.2

D) (A-14)

rDi(p) = 3(p) + upD’(p) +
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For p < ps1, the value of debt equals the creditor’s outside option, D;(p) =

X(p). For p > ps, the general solution to Equation (A-14) is
b A A
Dy (p) = . + cp™t + cop™2.

No-bubbles condition implies that lim D;(p) = % and the constant ¢, equals
pP—+00

zero. The unknown constant ¢; and the renegotiation trigger ps; are de-

termined from the value matching D;(ps1) = X(ps1) and smooth pasting

conditions D} (ps1) = X'(ps1) at psi. Thus, the value of debt equals

Dl(p) _ X (p) for pE [pcl,psl)7 (A-15)

b b .
r + [X (psl) - ;:| <ﬁ> for pE [pslaoo)7
where p4; is given by

A (=71 éuw+b

s1 — — - . A—16
pa = o e e ) (A-16)
The general solution to firm value W (p) is determined by

(1—-7) (iu - %) + dip + dop™? for p € [pe1, pa1),

(1—171) (rfu - 170) + TTb + dsp™ + dyp™ for p e [ps1, 00),
(A-17)

where the constants d, ds, d3 and d4 are computed from the no-bubble condi-

tion lim W(p) = (1 — 1) ( P %’) + %b, the default condition W (pe) = 7

p—00 rep

and the value matching and smooth pasting conditions at ps;. Applying the
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above boundary conditions to Equation (A-17) the firm value, W (p) equals

W) = (1) (2 -2y A ()L
p)= T rT—u T Ao — A1 7\ Pa1 K
)\2 )\1
() (-l
Ao — A1 1\ ps1 r—u r Pe1
for p € [pe1, ps1),
Wp)=(1-7) (-2 LA PR T ) +
Py = r—u T Ao — A1 \ ps1
A Tb [(pa A De1 w D M (A-19)
R — (1= N . g
{74—)\2—)\1 r (Psl) ( ™) (7’—# 7”)} (pcl)

for p € [ps1,00).

We generalize the basic model so as to incorporate renegotiation costs
by assuming that debt renegotiation incurs a cost § per unit of time when
equityholders do not pay the full contracted payment, b. Therefore, the

renegotiation cost function C(p) satisfies Equation (1) with general solution

é + e1p™M + eap™  for p € [per, ps1),
Clp) =

esp™ + eqp? for p € [ps1, 00).

No-bubbles conditions include lim C(p) = g while the absence of arbitrage
pP—00

implies that C(p.1) = 0. Associated with this pair of equations are also the

value matching and smoothness conditions at pg;:

A1 Ao A1 Ao
; + €1Ps1 + €2Ps1 = €3Pg1 + €4Ps1,

A1 Ao—1 A—1 Ao—1
e+ Aseapi T = Aiespyl + Aseapli .
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Solving Equation (1) subject to the boundary conditions, the following ex-

pressions for the renegotiation cost function C(p) are derived

5 Moo \® M
Clp) =~ |1+ e I 1+
(p> r [ )\2 - )\1 (psl) <pcl> (

(A-20)
Al Pet " for p € [ )
)\2 _ )\1 Ds1 p Pe1; Ps1),
J
C@:-[ s -G (e
Ps1 Pec1
(A-21)
/\1 pcl
for p € [ps1,
Y psl >] P € [ps1,00).
Finally, the value of equity will be W (p) — D;(p) — C(p), and is given by

w) _r+d A Th+d

P
V. =(1—
1(p) = ( T)(r—u r r A—AN T

(p)AQ {ww M Tb+5(pd)k2
Ps1 r Ao — A 1 DPs1 (A—22)

(-]

for p € [pe1, pa),

Vi = (- | Oo0le] 0 b Tl

A A
2 s)‘ b 5 2
<p > |:/Yr/‘ >\— r ( ) ) (1 ) ( : / —2
sl AQ Al pSI (A 3)

) (2)" - fr-0-n (2 -2)) (2)'

fOI' b € [pmvpsl)u
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w+b yr 49 A Th+90
- + +
r )\2—)\1 r

() o (- () - (ko
Ao Tb+5> (i)h
A=A 1 DPs1

for p € [ps1, 00).

The default trigger, p.1 is the solution of the optimality condition V'(p.1) = 0
that can be written as

7“()\1 - 1)Pc1
r—uQ

(1—7) —A1(7r+5+(1—r)w)+A1(Tb+6)(@)2:0.

Ps1
(A-25)

While Equation (A-25) can be expressed in closed form, a closed form solution
for p. is not available and can be found from root finding algorithms. It is
notable that if taxes and renegotiation costs are zero, p.; = pj.

The optimal capital structure in the polar case of debt renegotiation is
determined under the assumption that debtholders make take-it or leave-
it offers regarding debt service ¢(p) to equityholders. The trigger values
for default p. and renegotiation py, define the boundaries of the interval
over which coupon payment is less than the initially contracted payment.
Particularly when production cost w > —Ab(r — u)/(r — Aipt), the debt
service is negative, meaning that creditors are willing to temporarily inject
cash into company in order to meet its operating losses. In this setting,
the value of equity inside the interval [p.o, py2) is determined by the outside
option of equityholders, hence, equity value is given by the no-renegotiation

case, V(p) Consequently, the default trigger of non-renegotiable debt and
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renegotiation trigger coincide and p, = pp2. Therefore, the optimal debt

service ¢(p) equals

o) = (1—=7)(p—w) forp€ [pa,p), (A-26)

b for p € [py, 00).

Because debtholders have maximum bargaining power, the incidence of a
costly renegotiation is entirely on them, and hence, the debt value for costly
renegotiation is W (p)—V (p)—C(p). Since, the default trigger p,s is optimally
chosen by debtholders to maximize the value of their claim, it is the solution

of the optimality condition

7”()\1 - 1)1%2
[y

(1—1) —)\1(77“+5+(1—T)w)+)\1(7b+5)(12))\2:0.

Y2
(A-27)

Note that if taxes and renegotiation costs are absent, the default triggers

for the unlevered firm and the levered firm with renegotiable debt coincide,

Do = Pel = De2-
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Appendix B

PROOFS OF LEMMAS

Proof of Lemma 1. We prove that VH(p) > VL(p) for all p > pf. 1If o >
op and py = py then pff < pf and Vy(p) > Vi(p) = 0 Vp € [pfl,pf).

Furthermore, for all p > pf:

<w+b_ py )(£>A¥><w+b_ Py ><£)A1L:>
ror—pa) \py roor—pL) \py

MO pNM wkb P
ﬂ pb T rT—UH
Ei — > — g =
pb p w+b Py
T T—pr
)‘f w+b,.
NN T S o s
(ﬁ) (p_b) N TN
H A w
p p B
T T—HH
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If inequality (B-1) is satisfied for p = pf then it is also satisfied Vp > pf.

Consequently,
1
H H_,L
L= M (pf) ™ ]
L 1 b
pb>[(1—/\L) AR ~
v/ (py)
(pr)A{I =AM
Py 1—Ap
AL\ A
[EY 1—\H
_AM 1 -\
1-\H !
A1
éi Af(l__Aﬁ) 1 > 1=
AT M (L= AD)

()
Y. N
_\H _\H
1 — \L iif )\1L /\HAAL
Y 7 TH)
17)\{1 7)\{{
1 M2 AT\
1+ —5 > 14+ —5 =
NI NN
1—)\H )\H
(i) > ()
DV A
M\ NN
-\ > )\
1>0,



where f(z) = (14 1)" is monotonically increasing Va > 0 and A} < Aff <

0. [l

Proof of Lemma 2. If pf¥ < pH then VL(p) > VH(p) = 0Vp € [pL,p). Our
result holds if the following condition is met: V/(p) > V},(p) for all p > pf’.

We have for all p > pf:

P (Vi(p)—%(p))z PP\

1—7

1 1
- (=
r—pr T —HH
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Appendix C

NON-RENEGOTIABLE DEBT
C.1 Debt and Equity Coefficients

First, we determine the debt coefficients. The asymptotic condition lim DL (p) =

P—00

g implies that as;, equals zero. The default condition at p = p, is given by

~ XH(pb) if Pz S Pu,
DH(py) =

Y if pu > s,

where X H(py) is defined as in Equation (A-4) with p = uy and A\ = A\

More precisely, if p, < p, the default condition becomes

R H R H b w
aalb)\l + QQHPb)\Q + ; _ (1 . 7_) ( flpb _ 50_) _

rT—ug r
A
(-] ()

whereas if p, > p, the default condition is
S V.
aalbl + aszb2 + ; —v=0.

The remaining unknown coefficients are obtained from the value matching
DH(py1) = DL(pyy) and smooth pasting DAH,(pHL) = le/(pHL) conditions

at the optimal risk-shifting point

N \H N A ~ A
1Py, + Q2P — O1LPyL, = 0,
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H A MT—1 H, -1 L~ AL —
A arapy,  + A a2HPHL — Naipy, =0.

Solving for the debt coefficients a1y, asg and aip, if p, < pp, yields the ex-

pression
. AH AL AL B
aim PHIL pHL —PHL
. _ A -1 AL—1
Qo | — /\H PHL )‘2 pHL _)‘1L PHL
~ A py<l
ayr pbl pr 0
(C-1)
0
0 )
H
(1_7_) (51Pb_50_w>_+_[ _(1_7_) <£1pz_£o_w>] (p_b>)\1 b
r—,u, IS8 /y 7‘—’LL IS pz '
whereas if p, > py, gives
. AH A AE |
arg DHL pHL —PHL 0
R o H A1 A1 (C 2)
asr | = |\ PHL )‘2 pHL )‘1 pHL 0 : -
R NH AH
arr pbl pbz 0 Y= %

Similarly, we obtain analytical expressions for the value of equity coef-
ficients by solving Equation (A-7) in the high and low volatility regions,

subject to the following boundary conditions. In the absence of arbitrage,

the no-bubbles condition lim VL(p) = (1 — 1) <$ - “’+b> holds and by,

P—00

is zero. The default condition V}I(pb) = 0 at p = pp, can be written as

w+b A H 4 H
(1 —T)( Pe - ) +b1HpZ\1 +b2HpZ\2 :O,
T—Uug T
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while the value matching VAH(pHL) = VL(pHL) and smooth pasting VH (puL) =
VLI(pHL) conditions at p = py are equal to
~ >\H ~ )\H ~ )\L
biapyy, + berpy, — birpy, =0,
oA Fo A1 » b1
)\{{balHlL + Aﬁ’bngH?L - /\fbleHlL =0.
Consequently, the equity coefficients by H, by and by are given by

-1

~ )\H )\H )\L
b PHL PHL —PHL
2 _ A1 M1 -1
borr | = )\{ileL AngQL _)\1LleL
A )\H )\H
bir, Py ! pr 0
(C-3)
0
0

RENEGOTIABLE DEBT
C.2 Firm, Renegotiation Cost and Debt Coefficients

As a starting point, the firm coefficients are obtained. Boundary conditions

include the bankruptcy condition at p = p.

. w
(1—1) ( P — —) + alspﬁfl + a25p§5 =
T— U r

The asymptotic condition lim WL(p) = (1 —7) < L — E)—F%b implies that

p—00 TTHL r

asr, = 0. Moreover, the value matching and smooth pasting requirements at

46



p = ps and p = pyr can be written as

H Tb

AH A AH A
1Pyt + Qospe? — arppyt — asppy? — — =0,

H A1 H M1 H A1 H A1
)\1 a’lspsl _'_ )\2 a/28p52 - )\1 aalsl - )\2 a“QHp32 = 07

A MO
M HPyy, + Q2HP, — GLPy = U,

H A1 H MT-1 L Al-1
Ap mHP, + Ay Q2HPHL, Al arpgr, =0

Solving for the unknown coefficients aqy, ass, a1, asy and aiy, gives

o] ] xd 0 0 0
A1 Yz Dc
pYd A pNd A
s ps' Ds’ —ps' —ps* 0
= |[\H A1 A\H MT-1 \H A1 A\H AT —1 0
arg | — 1 Ds 2 DPs —A1 Ds 2 Ps
A AT Ap
a2H 0 0 Pur Pur —Pur
H M 1 H A -1 LA -1
| 1L | .0 0 A PHL Ay PHL AIPHL

Determining the renegotiation cost coefficients, the asymptotic condition

lim CL(p) = 0 implies that by, is zero. The remaining boundary conditions
p—00
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include the default condition at p = p.

4
- + blspé{{ + b2spég =

and the value matching and smoothness conditions at p = py and p = p;

H H H H
. + b1 P2t 4 boepl? — bigpdt — bapp)? =0,

H_ H_ H_ H_
A{{blspﬁl 1+ )\gbzsp?"’ b A{{thpsl b AszHpi’Z '=0,

A AL AT
balHL + bZHpHL - bleHL =0,

N1 A1 A1
M owapity,  + A baupii, = AMbipil, = 0.

Thus, the renegotiation cost coefficients by, bas, b1y, bog, b1z, are given by

bis | pé{I pg\ﬁf 0 0 0
bas pat p )t —p* 0
bug | = [ M Th AT M 0
bom 0 0 p?{{; pizéj: —P;\{%L
] |0 0 Mp Tt M M
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Finally, the debt coefficients ciy, coy, c1p, and cop, are determined. Again,
the no-bubbles requirement plggo DL(p) = %, ensures that cy; equals zero.
The value matching conditions at p = p, and p = pyr and the smooth
pasting condition at p = pgr, yield the following expressions

b B w
cu + a2 (1= (-8 (-
r r— r

(5N ) ]-0-nfo-n(Zm-9) -+

a/lspsl + a28p32 - blspsl - b25p32 = 07

A A AT
C1HPgr + C2HDPHL, — C1LPHL = 0,

H A1 H AT —1 L A-1
Ap CitePyp + A5 CooPHL — Al ciLpy, = 0.
Solving for the debt coefficients c¢1g, cog and ¢q, one gets
A M Mo
C1H Pur PHr —PHL
— | \E M1 g M1 LA -1
C2H A PHL A3 DL — APy
AH AH
cir Ds' D5’ 0
0
0

>\H
_g+n[(1—7) (%—EOTW)+(7—(1—T) (s_ZH_g_w)) ()]s

(1 - 77) |:(1 - 7_) < Pe ﬂ) - g + (als - bls)pi\l + (0,23 - b?s)pg\z

T—H T

(C-6)
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Figures.

Vit (p)
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pg p:; Output price (p)

Figure 1. No-renegotiation case, puy = pp and oy > op.

Vi(p)

Vi (p)

L.H Output price (p
BEPL (p)

Figure 2. No-renegotiation case, pf! > pl, ug < ur and og > oy,
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p'; pt Output price (p)

Figure 3. No-renegotiation case, pf! < pl, ug < ur and oy > oy,
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Figure 4. Optimal capital structure and risk profile as a function of oy
Base-case parameters values: o7, = 0.2, u;, =

for non-renegotiable debt.

0.035, g = 0.0275,r = 0.06,w = 0.2,y = 3, = 1.25,& = 0.8,7 = 0.35
and pg = 1. The dot marker on the horizontal axis corresponds to the base-
case value of 0.
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Figure 5. Optimal capital structure and risk profile as a function of oy for
renegotiable debt. Base-case parameters values: o = 0.2, uy, = 0.035, ug =
0.0275,r = 0.06,w = 0.2,y = 3,& = 1.25,& = 0.8, = 0.15,9 = 0.5,7 =
0.35 and pg = 1. The dot marker on the horizontal axis corresponds to the
base-case value of og.
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Figure 6. Optimal capital structure and risk profile as a function of ugy
for non-renegotiable debt. Base-case parameters values: o, = 0.2,05 =
0.325, pup, = 0.035,r = 0.06,w = 0.2,y = 3,& = 1.25,& = 0.8,7 = 0.35 and
po = 1. The dot marker on the horizontal axis corresponds to the base-case
value of ppy.
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Figure 7. Optimal capital structure and risk profile as a function of ug for
renegotiable debt. Base-case parameters values: o, = 0.2,05 = 0.325, u, =
0.035,7 = 0.06,w = 0.2,y =3,& = 1.25,{, = 0.8,6 = 0.15,n = 0.5, 7 = 0.35
and pg = 1. The dot marker on the horizontal axis corresponds to the base-
case value of py.
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Figure 8. Optimal capital structure and risk profile as a function of § for
renegotiable debt. Base-case parameters values: o, = 0.2,05 = 0.325, u, =
0.035, ug = 0.0275,7 = 0.06,w = 0.2,y = 3,& = 1.25,£, = 0.8, = 0.5,7 =
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28



1000
.«-.,._XI’--
900 *.. _
XS 3
000 o—---g'-'-'?i& 00 0.1 P
S
800 . ©-9.., Oy, _—
N 0% x % AC 900
700 - x 3
600%-u. N
. e YS(p)
0 - " x--‘lhx
§ 500f T S
- h X
o e
s N
400 - h 1
.
® ‘\
., 1
300 . : _
e B .10 X I:)HL
e
200 'II".W.""""-.
L (%)
1004-a-a a a4 o
A iWA-A— A A -A A A -A-A A
a,********ﬁ**********
0 | ® | I
0 0.2 0.4 0.6 0.8 1
n

Figure 9. Optimal capital structure and risk profile as a function of n for
renegotiable debt. Base-case parameters values: o, = 0.2,0y5 = 0.325, uy, =
0.035, ugy = 0.0275,r = 0.06,w = 0.2,y = 3, = 1.25,& = 0.8, =
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Figure 10. Agency costs as a function of oy for different values of n and

the no-renegotiation case.
0.035,r = 0.06,w =

po = L.

60

Base-case parameters values: o;, = 0.2,u; =
0.2,y =3, = 1.25,& = 08,6 = 0.15,7 = 0.35 and
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Figure 11. Agency costs as a function of ug and n for both cases of debt
renegotiation. Base-case parameters values: o;, = 0.2,05 = 0.325, u;, =
0.035,7 = 0.06,w = 0.2,y = 3,& = 1.25,& = 0.8,6 = 0.15,7 = 0.35 and
po = 1.
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Tables.

Table 1. Base-case parameters: o, and oy are the volatilities of the low- and
high-risk activities, p;, and puy are the growth rates of the low- and high-risk
activities, r is the risk-free interest rate, w is the production costs value, v is
the liquidation value of the firm, & and & are the direct bankruptcy costs,
0 is the renegotiation costs value, 7 is the bargaining power of equityholders,
T is the tax rate and pg is the initial output price.

oL Og ML M r wo

0.2 0.325 0.035 0.0275 0.06 0.2 3

o &1 0 n T Po
1.25 08 0.15 05 035 1

Table II. Optimal capital structure and risk selection for non-renegotiable
debt. Here, W, is the optimal firm value at p = pg, b is the optimal
coupon payment, p, is the optimal liquidation trigger of the firm operated
by debtholders after bankruptcy, py is the levered firm’s optimal liquidation
trigger, pyy is the optimal risk switching trigger, L (expressed in percentage
form) is the optimal leverage ratio (D/W), Y'S (measured in basis points)
is the yield spread on debt (b/D — 1) and AC' (determined by the percent-
age difference between the ex ante and ex post maximal firm values) is the
measure of agency costs.

Without Renegotiation W, L(%) YS(bp) AC(%)

Ex ante 30.67 77.51 138.46 -
Ex post 27.88 54.71 149.56  10.02

Without Renegotiation b D DP»  DHL

Ex ante 1.76 0.16 0.47 0.67
Ex post 1.14 0.16 0.29 1.12
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Table III. Optimal capital structure and risk selection with equityholder of-
fers, n = 1. Here, Wy is the optimal firm value at p = pg, b is the optimal
coupon payment, p. is the optimal default trigger, p, is the optimal liqui-
dation trigger of the firm operated by debtholders after bankruptcy, ps is
the optimal renegotiation trigger, pyy, is the optimal risk switching trigger,
L (expressed in percentage form) is the optimal leverage ratio (D/W), Y'S
(measured in basis points) is the yield spread on debt (b/D — r) and AC
(determined by the percentage difference between the ex ante and ex post
maximal firm values) is the measure of agency costs.

Equityholder Offers W, L(%) YS(bp) AC(%)

Ex ante 28.19 48.33 211.11 -
Ex post 2712 46.64 312.12 3.92

Equityholder Offers b De Pz Ps DPHL

Ex ante 1.10 0.13 0.16 0.88 0.88
Ex post 1.15 0.13 0.16 0.69 1.47

Table IV. Optimal capital structure and risk selection for renegotiable debt
with equal bargaining power between debtors and creditors, n = 0.5. Here,
W,y is the optimal firm value at p = pg, b is the optimal coupon payment, p,.
is the optimal default trigger, p, is the optimal liquidation trigger of the firm
operated by debtholders after bankruptcy, ps is the optimal renegotiation
trigger, pyy, is the optimal risk switching trigger, L (expressed in percentage
form) is the optimal leverage ratio (D/W), Y'S (measured in basis points)
is the yield spread on debt (b/D — r) and AC (determined by the percent-
age difference between the ex ante and ex post maximal firm values) is the
measure of agency costs.

With renegotiation, n =0.5 Wy L(%) YS(bp) AC(%)

Ex ante 31.11 70.51 243.37 -
Ex post 29.12 69.94 506.17 6.81

With renegotiation, n = 0.5 b De Da Ds  PHL

Ex ante 1.85 0.12 0.16 0.90 0.90
Ex post 225 0.13 0.16 0.80 2.38

63



Table V. Optimal capital structure and risk selection with debtholder offers,
n = 0. Here, W} is the optimal firm value at p = pg, b is the optimal coupon
payment, p. is the optimal default trigger, p,. is the optimal liquidation trig-
ger of the firm operated by debtholders after bankruptcy, ps is the optimal
renegotiation trigger, pyy, is the optimal risk switching trigger, L (expressed
in percentage form) is the optimal leverage ratio (D/W), Y'S (measured in
basis points) is the yield spread on debt (b/ D —r) and AC' (determined by the
percentage difference between the ex ante and ex post maximal firm values)
is the measure of agency costs.

Debtholder Offers Wy,  L(%) YS(bp) AC(%)

Ex ante 35.61 97.48 263.75 -
Ex post 32.48 95.31 600.87 9.63

Debtholder Offers b Pe D Ps  DPHL

Ex ante 3.00 0.11 0.16 091 0.91
Ex post 3.72 0.12 0.16 0.83 3.28
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