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Leverage and Growth Opportunities:
Risk-Avoidance Induced by Risky Debt*

Abstract

This paper shows that illiquid growth opportunities crucially impact the agency costs of
risky debt. If the value of these growth opportunities is sufficiently high, they reverse risk-
shifting incentives into risk-avoidance incentives, creating a new agency cost of debt. They
can also eliminate Myers3 underinvestment problem.

It is widely accepted in Corporate Finance that risky debt induces incentives for risk-shifting
by the residual equityholder. This paper shows that this result is subject to important
gualifications: risky debt does not necessarily create risk-shifting incentives. For a relevant
subset of firms it creates instead the opposite effect: it induces risk-avoidance behavior. With
risky debt outstanding, the shareholders of a firm with illiquid growth opportunities may
optimally prefer safer, less valuable projects to riskier projects with higher net present
values. These shareholders present risk-avoidance behavior to preserve control of the firm
and to appropriate the firm% future economic rents. The paper models the firm s risk choices
in a framework that shows the ex-post optimality of both risk-avoidance and risk-shifting
behavior. The presence of illiquid growth opportunities extends the maturity of the equity
contract beyond the maturity of the debt contract, explicitly accounting for the nature of the
firm as a going concern. The paper constitutes a contribution towards a multiperiod
perspective in Corporate Finance, while retaining the parsimony and elegance of finite-
period settings.

JEL Classification codes: G32, G30
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1.1 Introduction

According to received theory in Corporate Finance, risky debt creates an incentive for
excessive risk-taking on the part of the firm (Jensen and Meckling, 1976; Green, 1984). Yet in
practice, business journals frequently document instances of conservatism associated with
risky debt, such as the investment policies of leverage buy-out firms. These highly leveraged
firms usually pursue divestitures, asset sales and an increase in focus on their main business,
presenting an investment policy which decreases, instead of increasing, their business risk.
This paper reanalyzes traditional risk-shifting and underinvestment incentives in a simple
setting where the firm has outstanding some illiquid growth opportunities. The presence of
illiquid growth opportunities extends the maturity of the equity contract beyond that of the
debt contract (Fluck, 1998). The paper shows that these growth opportunities have a crucial
impact on the agency costs of risky debt: they can eliminate Myers” underinvestment

problem and reverse risk-shifting incentives into risk-avoidance behavior.

In addition to explaining why highly levered firms might exhibit conservative investment
policies, the results developed in this paper also contribute to understanding why young
firms in technology driven sectors avoid issuing debt. These firms have future growth
opportunities, which can, potentially, be very high and which need to be pursued through
risky investment policies. As a result they usually face uncertainty concerning the timing and
the level of their initial cash-flows. If these firms were financed with debt, their owners
would risk losing control of the firm before realizing its economic potential. Or, instead, to
preserve control of the firm, they would pursue a more conservative investment policy,
which, in turn, could compromise the full realization of their growth opportunities. In the
terminology introduced in this paper, these firms avoid debt financing because debt would

create severe risk-avoidance incentives.

Consider an entrepreneur who must choose between two mutually exclusive projects: one is
risky, another is safe. How will she choose? If the firm is all-equity financed, she will choose
the project with the highest net present value. If the firm has risky debt outstanding, the

received theory tells us that she might prefer the riskier project even if it has a lower,



potentially negative, net present value: she faces risk-shifting incentives (Jensen and
Meckling, 1976; Green, 1984). This paper shows that if the firm has illiquid growth
opportunities, the entrepreneur might actually prefer the safer project to the riskier project,
even if the safer project has a lower net present value. The entrepreneur faces risk-avoidance
incentives, which create what is, to the best of our knowledge, a new agency cost of risky
debt.

The risk-shifting incentives created by risky debt constitute a major tenet of Corporate

Finance theory:

“With that financial structure (firms financed almost entirely with debt type
claims) the owner-manager will have a strong incentive to engage in activities
(investments) which promise very high payoffs if successful even if they have
a very low probability of success. If they turn out well, he captures most of the
gains, if they turn out badly, the creditors bear most of the costs™ (Jensen and
Meckling, 1976, pg. 334).

Risk-shifting incentives create an agency cost of risky debt, which has had an enormous
impact both on the Corporate Finance literature (see, e.g., John and John, 1993; John and
Nachman, 1985; Rajan, 1992) and on the teaching of Finance.! This paper shows that risky
debt does not always generate risk-shifting incentives; in many instances it will create,
instead, the opposite incentives. The impact of risky debt on the firms risk choices depends
on the value of the firm3 future investment opportunities. If the firm has illiquid growth
opportunities, stockholders of levered firms might lose when business risk is increased.

These stockholders will favor safer projects over riskier ones.

Risk-shifting problems have traditionally been studied in finite period models: ““after time T
the firm has no productive activities so the payoff X; includes the distribution of all

remaining assets” (Jensen and Meckling, 1976, pg. 335). The early papers explicitly stated

! The following quote constitutes a representative example: “The (previous) game illustrates the following
general point: stockholders of levered firms gain when business risk increases. Financial managers who act
grictly in their shareholder’s interest (and against the interests of creditors) will favor risky projects over safe
ones. They may even take risky projects with negative NPVS' (Brealey and Myers, “Principles of Corporate
Finance”, 1996, pg. 492). This paper shows that this result is not general: for a relevant subset of levered firms,
shareholders lose when businessrisk is increased.



that the finite period approach created some limitations: “all dynamic aspects of the
multiperiod nature of the problem are ignored by assuming there is only one production-
financing decision to be made by the entrepreneur.” (Jensen and Meckling, 1976, pg. 314);
“our single-period discrete time framework limits the generality of the analysis™ (Green,
1984, pg. 116). Jensen and Meckling even dedicated a sub-section of their paper to
multiperiod aspects of the agency problem. They recognized that they had “ignored the
issues associated with the incentives affecting future financing-investment decisions™, that
“these are important issues which are left for future analysis” and that they ““will tend to

reduce the size of the agency costs™ (Jensen and Meckling, 1976, pg. 351).

Subsequent research has failed to address these multiperiod issues and the cautionary note
explicitly present in the original papers has become much more implicit or even absent. This
paper shows that Jensen and Meckling% cautionary notes were actually crucial: the
traditional discrete time framework, in which the firm is not really a going concern, truly
limits the generality of the results. We present a methodology which explicitly models the
firm as a going concern, even at the model s terminal date, and still retains the parsimony

and elegance of the traditional discrete time framework.

Fluck (1998) shows that a fundamental characteristic of the equity contract is that it has an
indefinite maturity as opposed to the finite maturity of most debt contracts. Our paper shows
that the fact that equity has a longer maturity than debt has crucial implications concerning
the agency costs of debt. Our model extends the maturity of the equity contract beyond that
of the debt contract and it shows that, as a result, risk-shifting incentives are always
mitigated and will often be reversed. The shareholders of a firm with valuable illiquid
growth opportunities will optimally present risk-avoidance behavior to preserve control of

the firm and, consequently, to appropriate the value of the firm% future economic rents.

This paper is very close in spirit to the banking literature adopting the charter value
perspective (se, e.g., Keeley, 1990; Acharya, 1996). This literature is motivated by the question
“Why do we not see highly levered banks, with insured deposits, taking on more risk?””. A
fixed-rate deposit insurance reinforces banks incentives to risk-shift, but empirical research

does not show banks generally trying to maximize the risk of their assets (Furlong and



Keeley, 1987, 1989). The charter value literature argues that banks do not risk-shift as much
as expected because they have valuable illiquid charters which the bank owners would lose
in insolvency: “with valuable charters as assets, banks had an incentive not to risk failure
since the owners of the banks cannot sell the charter once the bank is declared insolvent™
(Keeley, 1990, pg. 1185). This literature then attempts to link the evolution of bank charter
value with the levels of bankruptcy in banking: they argue that risk-shifting becomes an
issue in banks only when their charter value decreases. This paper shares its basic intuition
with the charter value perspective: risk-shifting incentives are mitigated by the presence of
illiquid assets. This paper differs by, among other features, presenting a general model
concerned with the firms risk choices and the agency costs of debt, while the charter value

literature is focused on banking regulation and the risk incentives of deposit insurance.?

In addition to the literature on risk-shifting incentives, this paper is also related to papers
concerned with non-pecuniary bankruptcy costs (see, e.g., Diamond, 1984) and private
benefits of control (see, e.g., Harris and Raviv, 1988, 1991; Diamond, 1991). The loss of the
firm3 illiquid growth opportunities represents a cost suffered in bankruptcy by
shareholders, which is not ameliorated by limited liability. The same applies to
non-pecuniary bankruptcy costs and to private benefits of control. They all represent
different, cumulative sources of risk-avoidance behavior on the part of shareholders. Other
related papers are those concerned with inefficient liquidation or liquidity risk (see, e.g.,
Diamond, 1991; Hart and Moore, 1989; Bolton and Scharfstein, 1990). The presence of illiquid
growth opportunities can also generate inefficient liquidation. This paper differs from the
previous papers because it is focused on the distortions introduced by the above features on
the entrepreneur investment policy. In particular, it is centered on the entrepreneur risk

choices and the resulting agency costs.

The remainder of this paper is organized as follows: section Il develops the basic model
which incorporates illiquid growth opportunities into the traditional risk-shifting finite-

period model, section Il discusses risk-shifting and risk-avoidance incentives in terms of

2 After drafting this paper we have redlized that Herring and Vankudre (1987) have developed a model, in the
context of deposit insurance, banking regulation and risk taking behavior by banks, where the bank’ s assets are
clearly separated into current assets (A) and the value of growth opportunities, which they naturally caled G.
Although their model is different from ours, the modeling of the growth opportunitiesis similar in both models.



option theory and section IV presents the impact of risk-avoidance incentives in the agency
costs of debt. Section V shows the impact of illiquid growth opportunities in Myers”(1977)
underinvestment and provides an integration of risk-shifting incentives, risk-avoidance
incentives and Myers” underinvestment problem. We show that the nature of the risk-
avoidance problem - underinvestment in risky projects - is conceptually quite different from
Myers” underinvestment. Section VI discusses the potential contributions of this paper

concerning methodology and the paper* empirical implications and section VII concludes.

1.2 The Model

1.2.1 The Traditional Risk-Shifting Model

The model is closely related to classic risk-shifting models (see, e.g., Jensen and Meckling,
1976; Green, 1984). The basic setup follows John and John (1993) and it is designed to
highlight the crucial issues as simply as possible. To focus on the conflicts between
equityholders and debtholders, we abstract away from the conflicts between management
and owners and consider an entrepreneur who manages her own firm. The model is centered
on the entrepreneur’ risk choices, which are presented as a choice between a risky project
and a safe project. Our focus is the agency problem resulting from the entrepreneur private
information concerning the quality of the risky project. The asymmetry of information

creates a problem of incomplete contracting in relation to the entrepreneur risk choices.

The model has three dates. At date 0 the financial claims are issued and external investors
pay, in a rational expectations framework, the appropriate price for these claims. We assume,
in particular, that the firm issues a debt claim, as we are interested in studying the effects of
risky debt on the firm investment policy. The debt has a zero coupon, a face value of F and

matures at date 2. All agents are risk neutral and the riskless interest rate is 0.

At date 1 the entrepreneur invests in one of two mutually exclusive investment projects: a

risky project, A, or a riskless project, B. Both projects require an investment of I. The riskless



project has a zero net present value: it pays, at date 2, a cash-flow | with certainty. The risky
project offers an uncertain pay-off: at date 2 it pays a high (H) cash-flow with probability p,
and a low (L) cash-flow with probability 1-p (by assumption H > 1 > L > 0). The net present
value of the risky project is equal, at date 1,to: - | + pH +(1- p)L.

The probability p defines the quality of the risky project: the higher p the higher the net
present value of the risky project. At date 0 it is common knowledge, that p is uniformly
distributed over the interval [0, 1]. At date 1 the entrepreneur sees p, which is private
information, and, based on p, decides whether to invest in the risky project or in the riskless
project. The agency problem arises because the quality of the risky project, p, is privately
observed by the entrepreneur and is not verifiable. This implies that contracts contingent on
p cannot be enforced. At date 2 the final cash-flows are realized, the debt claim is paid and
the residual amount accrues to the entrepreneur. Figure 1 gives a visual interpretation of this

model.

To maximize her own wealth the entrepreneur will make the following investment decisions.
If the firm is all-equity financed, the entrepreneur will invest in the project with the highest
expected net present value. She will invest in the risky project A only if pH + (1- p)L 3.

This is equivalent to investing in the risky project A for all values of p such that:

pp =" 1)

The entrepreneur s investment decision is defined by a cut-off level, p*. If the entrepreneur
sees a value p higher than the cut-off level, she chooses the risky project. If she sees a value p
lower than the cut-off level, she chooses the riskless project. The cut-off level, p*,
characterizes the entrepreneur risk choices: the lower the cut-off level the riskier the firm3

investment policy as expressed in Lemma 1. All proofs are in the Appendix.

Lemma 1: For p, <p, £ p° the investment policy with a cut-off level p, generates a cash-flow

distribution which is dominated, in terms of second order stochastic domination, by the cash-flow



distribution associated with p,. The investment policy with a cut-off level p; is then defined as being

““riskier’” than the investment policy with a cut-off level p.

If the firm has risky debt outstanding with repayment value F (I > F > L), the entrepreneur
will invest in the risky project if the expected cash-flows she receives from the risky project
are higher than the certain cash-flow associated with the riskless project. She will invest in

the risky project A only if:3
plH - F]"+(L- pL-F] s [1- FJ 2)

For | > F > L this is equivalent to p(H - F) 3 | - F.The entrepreneur will then invest in the

risky project A for all values of p such that:

pdp =7 (3)

The main result of traditional risk-shifting models is the following: as p© < po, which
results from F > L, there is overinvestment in the risky project which means there is risk-
shifting. Due to the presence of risky debt, the entrepreneur has incentives ex-post, at time 1,
to adopt an investment rule which deviates from the one that maximizes the firm value: she
will invest too often in the risky project. In particular, she will invest in the risky project for
all values of p such that p© £ p< p®, values for which the risky project has a negative net

present value. This deviation from the optimal investment policy represents an agency cost

of risky debt.

In a rational expectations equilibrium, the debtholders will correctly price ex-ante, at time 0,
the entrepreneur? ex-post incentives to deviate from the optimal investment policy. In

conseqguence, the entrepreneur bears the agency costs of risky debt.

* By convention: [f |* © max[0,f ].



1.2.2 Risk-Shifting Incentives with Growth Opportunities

This paper extends the above model by representing the firm as a going concern, even at the
model s terminal date. This effectively extends the maturity of the equity contract beyond
time 2. At every moment, including at time 2, the value of the firm is the sum of the value of
assets-in-place and the value of future growth opportunities. At date 1 the entrepreneur sees
the probability p and the value of the growth opportunities, G, as private information. Both
remain private information as of date 2. As a consequence, at date 2, the firm has some
illiquid growth opportunities in addition to the terminal cash-flows. The growth
opportunities will be exploited by the entrepreneur if she retains control of the firm at date 2;
they will be lost if the entrepreneur does not retain control of the firm.4 For greater generality
the model allows for different values of growth opportunities (Gx, GL and G)) to be associated
with different states of nature.56 Figure 2 depicts the extension of the basic model to

incorporate the future growth opportunities.

To maximize her own wealth the entrepreneur will now make the following investment
decisions. In an all-equity firm she will invest in the project with the highest expected net

present value. She will invest in the risky project A if and only if:
p(H+GH)+(1' p)(L+GL)3 I +G, (4)
This is equivalent to investing in the risky project A for all values of p such that:

[e) I+G|'L'GL
H+G, - L-G,

Q)

* To obtain the paper’s results it is not necessary for the full value of the growth opportunities to be lost, it is
enough that the growth opportunities have a liquidation value which is smaller than the value obtained if the
entrepreneur retains control of the firm. For simplicity, the growth opportunities’ liquidation value is included in
the terminal cash-flows (H, L and I) and G includes only the illiquid component of the growth opportunities
which is the entrepreneur’s private information. Hereafter we will refer to G as the firm's “illiquid growth
opportunities’ or, more simply, as the firm’'s“growth opportunities’.

® We assume that H+Gy, > 1+G, > L+G: the values for the growth opportunities are not such as to reverse the
ordering of the project’ s cash-flows.

® All the paper’s results remain equally valid if the growth opportunities are the same across states of nature.
That situation represents just a special case of the general model presented in the paper.



pg represents the cut-off level that characterizes the investment policy of an all-equity firm.

It constitutes the first-best investment policy, the one that maximizes total firm value. It
defines the ideal benchmark, which would, in general, be obtained with complete
contracting. We will be interested in analyzing the deviations from this benchmark due to

incomplete contracting and to the presence of risky debt.

If the firm has risky debt outstanding with repayment value F (I > F > L), the entrepreneur
will invest in the risky project if the expected cash-flows she receives from the risky project
are higher than those she receives from the riskless project. She will invest in the risky project

Aonly if7
p{[H } F]+ +1[H3F]GH}+(1' p){['—' F]+ +1[L3F]GL}3 [I } F]+ 1.6, (6)

For |1 > F > L this is equivalent to: p(H +G, - F)3 | +G, - F . The entrepreneur will then

invest in the risky project A for all values of p such that:

, r_ |+G -F

_ 7
P e F (7)

To define the optimal investment policy of the firm with risky debt outstanding, what is

crucial is the relation between G, the value of growth opportunities lost in bankruptcy, and
F-L, the value in bankruptcy of limited liability. If F-L > G, then pg < pg and there is risk-
shifting: the firm will invest too often in the risky project. If F-L < G then pg > pg and there
is risk-avoidance: the firm will invest too often in the riskless project. If F-L = G, then
pg = pg and there are no agency costs of risky debt, the entrepreneur will follow the

investment policy of the all-equity firm.

To understand the sources for deviations from the firm’s first-best investment policy it is

useful to rewrite pg as:

10



of = |+G,-F _ 1+G,-L-G - (F-L)+G,
© H+G,-F H+G,-L-G_-(F-L)+G,

(8)

Equation (8) highlights the impact of risky debt on the firm % investment policy. Risk-shifting
incentives are created by subtracting the term F-L, which is positive, from the numerator and
the denominator of pg , the cut-off level that defines the optimal investment policy of an all-
equity firm. Risk-shifting incentives are induced then by the limited liability feature of
corporate law. Risk-avoidance incentives are created by adding the value G. to the
numerator and the denominator of pg. Risk-avoidance incentives are induced then by the
loss of the illiquid growth opportunities, which occurs whenever the firm is liquidated at
time 2. The firm% optimal investment policy results from a trade-off between risk-shifting
and risk-avoidance incentives. The presence of illiquid growth opportunities always
mitigates the risk-shifting incentives created by limited liability. If GL > F-L the firm will

present risk-avoidance instead of risk-shifting incentives.

Let us define p (F) as the cut-off level (function of the outstanding debt level, F) above

which the entrepreneur will invest in the risky project. Proposition 1 characterizes the

entrepreneur's optimal investment policy, its deviations from the first-best investment

policy, pg , and the resulting agency problem.

Proposition 1: a) With debt of face value F outstanding the entrepreneur implements the following

investment policy:

. | +G, - L-G
F) = p® = ' L iff F £ L (debt is riskless);
PR == e ( )
| +G, - F
—pi=*G-F iff  L<FEL
H+G, - F
=0 iff F>I ©)

"By convention: 1y, =1 iff X 3Y; L.\) = Ootherwise.

11



b) With risky debt outstanding (F > L) the entrepreneur will implement:

(1) - the first-best optimal investment policy iff F-L = G. (p’ (F) = pQ);

(2) - an investment policy that is riskier than the first-best optimal policy iff F-L > G or F > I, in this
case the entrepreneur presents risk-shifting behavior (p’ (F) < pQ);

(3) - an investment policy that is less risky than the first-best optimal policy iff F-L < Gy; in this case

the entrepreneur presents risk-avoidance behavior (p’ (F) > pg).

The main result of our model is the following: for a relevant subset of firms risky debt
induces risk-avoidance incentives. This constitutes a reversal of traditional risk-shifting
results. Our model confirms that, as stated in risk-shifting models, some firms, those with
low economic prospects (with illiquid future opportunities with low economic value) will
indeed overinvest in risky projects. The new contribution of our model is that it also shows
that other firms, those with good illiquid opportunities, will not overinvest but will actually
underinvest in risky projects. These entrepreneurs will optimally pass up good but risky
investment projects because they do not want to risk losing control of the firm without
realizing the value of the illiquid growth opportunities. Traditional risk-shifting models,
which can be seen as a special case of the model presented here, assume that at the model
terminal date there are zero future opportunities (or that all growth opportunities are liquid
and incorporated in the terminal cash-flows). We showed instead that if the firm has illiquid
future opportunities the risk-shifting problem is always mitigated and that, for a relevant

subset of firms, it will be reversed.

In synthesis, our model presents a new agency cost of risky debt and it shows that the impact
of risky debt on the firm 3 risk choices depends on the value of the firm3 future investment
opportunities. The crucial feature of our model is that it extends the maturity of the equity
contract beyond that of the debt contract: the firm is a going concern even at the model%
terminal date. The presence of illiquid growth opportunities impacts the agency costs of
risky debt: the firm will present risk-avoidance or risk-shifting incentives depending on the

value of those growth opportunities.

12



It is interesting to note that the correlation between the current investment policy and the
level of future growth opportunities impacts the dimension of risk-avoidance incentives. It is
easy to see, by simple substitution on (5) and (7), that firms which need to pursue risky
investment policies to develop their growth opportunities (Gu and G are high while G is
low; as an extreme case consider Gh=G. and G,=0) face particularly severe risk-avoidance
incentives. This situation seems to represent a significant proportion of young firms in
technology driven sectors with high economic potential (high growth opportunities) which
needs to be pursued through risky investment policies. These risky investments are
associated with uncertainty concerning the timing and the level of initial cash-flows. If
financed by debt these firms would face an unappealing trade-off between a more
conservative investment policy, which could compromise the value of their growth
opportunities, and a riskier investment policy which could lead to bankruptcy. This type of
firm avoids debt financing not because debt creates risk-shifting incentives, or Myers3
underinvestment problems (see section V), but because debt creates risk-avoidance problems

and the potential loss of their valuable growth opportunities.

1.3 Using Option Analogies

Option Theory helps to explain why the presence of risky debt induces risk-shifting
incentives. Two widely known option analogies illustrated the source for risk-shifting
incentives. On the first analogy, shareholders have sold the firm to debtholders and can get it
back by paying the debt at maturity: they hold a call option on the firm assets with an
exercise price equal to the promised value of debt (Black and Scholes, 1973). Risk-shifting
incentives arise, in this context, as an attempt to maximize the value of the call option, which
benefits from an increase in the volatility of the firm assets. The second analogy states that
shareholders own the firm assets and they also hold a limited liability put option on the
firms assets with exercise price equal to the face value of debt. In this context, risk-shifting
incentives arise as the shareholders try to maximize the value of the limited liability put

option.

13



In both analogies shareholders increase the value of their option by increasing the volatility
of the firm% assets, which results on risk-shifting incentives. These option analogies are very
powerful but they are, nevertheless, simplifying analogies as it is clearly stated in the early
papers in the area. Black and Scholes (1973) develop the call analogy stating carefully the
underlying assumptions, two of which are particularly relevant for our purposes. One of
their assumptions is to consider that the firm debt is constituted by zero coupon bonds. Black
and Scholes then add that if the company has coupon bonds instead of zero coupon bonds,
the right comparison for the company s common stock is with a compound option: a call on
acall, .. ,onacall onthe firm assets. This compound option perspective is further explored
by Geske (1977).

Another assumption states that, when the debt is due, the firm will be either liquidated or
totally recapitalized by paying off the old stockholders. This means that option analogies
implicitly assume that the value of the firm as a going concern is the same as the firm3

liguidation value. Black and Cox discuss this issue at the end of their paper:

“The introduction of bankruptcy costs might have a more important effect. ...
However, their impact on our analysis should not be exaggerated. We are
considering bankruptcy as simply the transfer of the entire ownership of the
firm to the bondholders. The physical activities of the firm need not be
affected” (Black and Cox, 1976, pg. 367).

The early concerns with the detail of the exact option analogies became, with time, more
diluted and today we tend to associate the limited liability option with a straight put option.
In particular, as we will just see, traditional finite-period models in Corporate Finance
implement too closely a straight put option analogy. Figure 3 helps to explain the impact of

option analogies in Corporate Finance models.

Figure 3.C, an infinite multiperiod model, clearly describes the firm as a going concern. One
can picture an insider holding a portfolio of options which include several call options,
representing the firm future growth opportunities, and several limited liability put options,
with multiple exercise dates. Exercising the limited liability option extinguishes the

possibility to develop the remaining growth opportunities and, most likely, decreases the

14



value of the growth options, which may become nearly worthless.8 This means that the
exercise of a limited liability put option has a potentially large impact on the current value of

the firms assets, which is the options underlying.

In corporate option analogies, unlike in financial options, there are strong interdependencies
between the value of the “primitive” asset and the value of the ““derivative” asset. In
particular, the exercise of the *““derivative” asset, the limited liability option, is likely to
impact significantly the value of the “primitive” asset, the firm assets. In a sense it is no
longer clear which is the ““primitive” asset and which is the ““derivative’ asset. As a result,
the limited liability option is not a straight put option, it is instead a complex put option,

which has a lower value than the corresponding straight put option.

Figure 3.A shows that in traditional finite-period models the limited liability option is exactly
like a straight put option. As in these models the firm always ends in period 2, there is no
difference between the value of the firm as a going concern and the firm3 liquidation value.
Here the exercise of the limited liability put option does not impact the value of the firm?
assets. As a consequence, these models tend to overvalue the limited liability option, which
means, in the context of our paper, that they tend to overemphasize the presence of risk-

shifting incentives.

The innovation of our model consists in the introduction, at the model s terminal date, of an
additional option, which represents the firm growth opportunities. This option, whose
value is private information, creates the differentiation between the firm value as a going
concern and the firm3 liquidation value. It extends the maturity of the equity contract

beyond the maturity of the debt contract. Equation (8), in section Il, shows that risk-shifting
incentives arise by subtracting the term F-L from the numerator and the denominator of pg ,

the cut-off level which defines the optimal investment policy of an all-equity firm. This is
exactly the value at exercise of a straight put limited liability option. Risk-shifting incentives

are induced by a straight put option. Risk-avoidance incentives, on the other hand, are

created by adding G to the numerator and the denominator of pg . This is exactly the value

8 The exact impact on the value of the growth options will depend on how liquid or tradable these options are. It

15



at exercise of the growth option, which will be lost if the firm is liquidated at time 2. In our
model, the impact of risky debt on the firms optimal risk choices is not only defined by the
limited liability option, but it is the result of a trade-off between the value of the growth

option and the value of the limited liability option.

Figure 3.B, which corresponds to our model, is a simplifying version of the multiperiod
model, but it is one that nevertheless presents a balanced perspective on the portfolio of
options held by the firm. By accounting for a illiquid growth option at the model % terminal
date, it extends the maturity of the equity contract and incorporates a multiperiod dimension
while retaining the flexibility of traditional finite-period models. In addition Figure 3 also
highlights the potential limitations of assimilating complex corporate options to simple

straight options.

1.4 Risk-Avoidance and the Agency Costs of Debt

1.4.1 Optimal Investment Policy and the Agency Costs of Debt

The presence of illiquid growth opportunities has substantial impact on both the firm3
optimal investment policy and the agency costs of risky debt. Figure 4 compares the optimal

investment policies of firms with and without growth opportunities.

The firm% investment policy is defined by the cut-off level, p’, which characterizes the
entrepreneur risk choices. While for a firm with no growth opportunities the optimal
investment policy is increasing in risk for increasing F, for a firm with illiquid growth
opportunities there is a non-monotonic relation between the debt level and the riskiness of
the firm's investment policy. For given cash-flows and illiquid growth opportunities, the firm

might exhibit, depending on the debt level F, an investment policy which is less risky, as

risky or more risky than pg, the first-best investment policy. The discontinuities in Figure

will depend on how liquid the firm’ s growth opportunities are.
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4.B are induced by the loss of the growth opportunities, which occurs when the entrepreneur
is not able to retain control of the firm (G is lost when cash-flow L is realized and F is greater

than L, G, is lost when | occurs and F is greater than I).

The agency costs of risky debt measure the implications, in terms of total firm value, of
deviations from the first-best investment policy. Given a cut-off level p*, the entrepreneur
will invest in the risky project only if she sees, at time 1, a p value equal or greater than p’.
As it is common knowledge, at date 0, that p is uniformly distributed over the interval [0, 1]
then the net present value, at time 0, of the investment policy with a cut-off level p’ is equal

to:®

NPY(pT)=- 14 (146 )dp+ 3 [p(H +G, )+ (t- p)(L+G )l (0

which is equivalent to:

(H +GH)(1_ p*2)+(L+GL)

NPV (p)=-1+(1+G, )p’ + (- p')* (11)
We derive the loss of value induced by the presence of risky debt by substituting in equation
(11) for the optimal cut-off levels for an all-equity firm and for a firm with risky debt
outstanding. The agency costs of debt, AC(F), for a firm with no illiquid growth

opportunities are equal to:
AC(F) = NPV (p°) - NPV (pF) :%(H - D)(p°- prf (12)

For a firm with illiquid growth opportunities, the agency costs of debt are equal to:

° As p is uniformly distributed over the interval [0,1] the probability, at time O, that p will be greater than p° is
equal to 1- p”. Then thereis, at time 0, a probability p~ that the entrepreneur will invest in the riskless project
and aprobability 1- p* that the entrepreneur will invest in the risky project.
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1
AC(F) = NPV (pg)- NPV (p5) =2 (H +G,, - L- G)(p2 - p5 ) (13)

Figure 5 presents, for both types of firms, the agency costs of debt as a function of the firm3
debt level, F. While for a firm with no growth opportunities the agency costs of debt are
increasing in F, for a firm with illiquid growth opportunities there is a non-monotonic
relation between the debt level and the agency costs of debt. If the firm faces risk-avoidance
incentives, an increase in the debt level reduces the risk-avoidance problem and the agency
costs of debt. For these firms an increase in the debt level, F, increases the value of limited
liability, F-L, which was smaller than the value of growth opportunities, G.. As the two
values become more similar there is a reduction in risk-avoidance incentives and on the

overall level of agency costs.

If the firm already faces risk-shifting incentives, increases in the debt level create additional
risk-shifting incentives and, consequently, increase the agency costs of debt. For these firms
the value of limited liability, F-L, was already higher than the value of growth opportunities,
GL. Increasing the debt level, F, increases the incentives for risk-shifting and the agency costs
of debt. These comparative statics results are formally expressed in the following

propositions.

Proposition 2: For a firm with no growth opportunities, for given expected cash-flows:

a) The entrepreneur investment policy is increasing in risk for increasing F. In the range of F,
L £ F £ 1, the investment policy is strictly increasing in risk for increasing F.

b) The agency costs of debt are increasing in the debt level F. In the range of F, L £ F £ |, the agency

costs of debt are strictly increasing in F.

Proposition 3: For a firm with illiquid growth opportunities (G, > 0), for given expected cash-flows
and growth opportunities:

a) There is a non-monotonic relation between the debt level, F, and the riskiness of the firm3
investment policy. At F = L there is a discontinuity associated with a (substantial) decrease in the
level of risk of the investment policy. For F > L the investment is increasing in risk for increasing F.

b) There is a non-monotonic relation between the debt level, F, and the agency costs of debt:
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for L < F < L+G_ the agency costs of debt are strictly decreasing in F;

for L+GL < F £ | the agency costs of debt are strictly increasing in F.

Concerning the minimization of the agency costs of debt, our model presents two optima:
riskless debt and an optimal level of risky debt. The optimality of riskless debt is a standard
result, which is common with most previous models (see, e.g., Green, 1984). There is,
though, another optimum debt level, F=L+G., where debt is risky and there are no agency
costs of debt due to a perfect balance between risk-avoidance and risk-shifting incentives.
The first-best investment policy is achieved even in the presence of risky debt. Our model
shows that risky debt might create the right investment incentives concerning the firms risk

choices.

This paper is focused on the implications of a well-defined and common contract, risky debt,
on the firm% investment policy. Our main interest is to characterize the incentives faced by
the entrepreneur to deviate from a first-best investment policy and to present the resulting
agency costs of debt. The paper is developed within an agency framework and it is not its
purpose to demonstrate the optimality of the debt contract, which is done elsewhere (see,
e.g., Townsend, 1979; Diamond, 1984; Gale and Hellwig, 1985; Hart and Moore, 1989).
Nevertheless, one might ask whether, given the costs presented here, the firm should issue
debt at time 0. As long as the benefits from debt, such as tax advantages (see, e.g., Kim, 1989)
or signaling value (see, e.g., Ross, 1977; John, 1987), outweigh its agency costs, the

entrepreneur will optimally choose, at time 0, to issue debt and support its agency costs.

1.4.2 Risk-Avoidance and Bankruptcy Costs

Apparently the loss of growth opportunities on the low states of nature might seem similar
to just one more bankruptcy cost. Nevertheless risk-avoidance incentives are actually
completely different from those created by pecuniary bankruptcy costs, as can be easily seen
in the previous model. Pecuniary bankruptcy costs, P, represent a cash-flow loss suffered by

debtholders in bankruptcy: instead of receiving the firm total cash-flow, L, they will realize
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only part of that cash-flow, L-P. Pecuniary bankruptcy costs do not impact any cash-flows
received by the entrepreneur at time 2. In consequence, they do not impact the
entrepreneur® investment decision: pecuniary bankruptcy costs do not change the

entrepreneur s risk-shifting or risk-avoidance incentives.10

In a rational expectations perspective debtholders will correctly anticipate the pecuniary
bankruptcy costs and price them at time 0. So pecuniary bankruptcy costs impact ex-ante, at
time 0, the entrepreneur s behavior, such as the design and structure of financial claims, but
they do not impact ex-post, at time 1, the entrepreneur’ investment decisions, such as her
risk choices. The incentives created by pecuniary bankruptcy costs are then completely
different from those created by illiquid growth opportunities. While the potential loss of
growth opportunities impacts, ex-post, the entrepreneur’ risk choices creating risk-
avoidance incentives, pecuniary bankruptcy costs impact only, ex-ante, the pricing of

corporate debt.

Risk-avoidance incentives are motivated in this paper by illiquid growth opportunities but
they could be motivated instead by non-pecuniary bankruptcy costs (Diamond, 1984) or by
private benefits of control (Harris and Raviv, 1988, 1991; Diamond, 1991). All these features
have something in common: they represent costs that the entrepreneur suffers in bankruptcy
which are not covered by limited liability. They are all different, cumulative sources for an
entrepreneur to exhibit risk-avoidance incentives. Our paper nevertheless differs from the
above papers because it is focused on the distortions introduced by these features on the
entrepreneur investment policy. In particular, it is centered on the entrepreneur? risk

choices and the resulting agency costs.

Our paper also differs because, although they impact similarly the firm risk choices, the
nature of the growth opportunities is quite distinct from both private benefits of control and

non-pecuniary bankruptcy costs. The value of the growth opportunities is completely

1 The cut-off levels which define the entrepreneur’'s optimal policy are not affected by P, the pecuniary
bankruptcy costs. p°® and pg are not changed because an al-equity firm does not face bankruptcy costs, p©

and p¢ are not changed because the cash-flows received by debtholders in bankruptcy (L or L-P) do not enter
into the definition of the entrepreneur’ s optimal cut-off levels.
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defined by regular cash-flows which will be available to the firm in the future. Our paper is
focused on the temporal structure of the firm3% cash-flows while both non-pecuniary

bankruptcy costs and private benefits of control request the use of non-cash-flow features.

In synthesis, the presence of illiquid growth opportunities, private benefits of control and
non-pecuniary bankruptcy costs suggests that instances of risk-avoidance incentives must be

guite pervasive in reality.

1.4.3 Risk-Avoidance and Renegotiation

It is interesting to note that remedies that mitigate risk-shifting problems, such as convertible
debt (Green, 1984) and the design of managerial contracts (John and John, 1993), do not have
impact on risk-avoidance problems. In a risk-avoidance situation the entrepreneur does not
invest in risky projects because they may originate default in the low states of nature, and
consequently, the loss of the firm* growth opportunities. Remedies for risk-avoidance
problems should diminish the likelihood of default or assure that the entrepreneur retains
control of the firm even after default occurs. Debt renegotiation is then a potential tool to
address risk-avoidance incentives. This section shows that if debt renegotiation is feasible at
time 2, it mitigates risk-avoidance incentives and increases risk-shifting incentives.
Nevertheless, as long as renegotiation is costly or as long as the entrepreneur is uncertain, at
time 1, of the terms or feasibility of debt renegotiation, then she will still present risk-

avoidance incentives.

The nature of the firm% growth opportunities can be seen under three different general
perspectives. The first perspective, which we have followed so far, assumes that at least part
of the firm growth opportunities is illiquid, because their value is privately observed by the
entrepreneur. Implicitly this perspective assumes that debt renegotiation is not feasible at
time 2. All firms that default on their debt, claim that they have high growth opportunities
and the creditors are not able to distinguish those with high growth opportunities from those

with low growth opportunities. These limitations to renegotiation are similar to those
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considered by the literature on inefficient liquidation or liquidity risk (see, e.g., Diamond,
1991; Hart and Moore, 1989; Bolton and Scharfstein, 1990). This perspective shows that the
presence of illiquid growth opportunities is likely to generate inefficient liquidation. This
perspective seems reasonable in terms of empirical counterparts and it was useful to
highlight, as simply as possible, the paper’ main results. It is not, though, a necessary

assumption for the entrepreneur to present risk-avoidance behavior, as we shall see.

A second perspective assumes that the firm % growth opportunities are all public information
and contractible. In this case they are liquid and they can be assimilated to the firm current
cash-flows: the classic risk-shifting model is valid and there are no risk-avoidance incentives.
A third perspective assumes that the value of the growth opportunities is public information
but not verifiable so contracts cannot be written contingent on this value. The growth
opportunities remain illiquid but there are strong incentives, in default, for debt
renegotiation, as both creditors and debtors see that the firm value increases if it is allowed
to continue. This is the perspective adopted in the following model which expands our basic

model to include debt renegotiation.

We now assume that, at time 1 the entrepreneur knows that, at time 2, the value of the firm%
growth opportunities will be, with probability a, non-verifiable public information. With
probability 1-a, the value of the growth opportunities remains private information and there
is no renegotiation. We also assume, without loss of generality, that debt renegotiation is
costly: every time it occurs it creates a cost R to be subtracted from the firm% remaining cash-
flows. If renegotiation occurs the entrepreneur and her creditors will bargain over the
specifics of the new debt contract. We assume the following outcome for the bargaining
process: if the value of the firm% growth is enough to pay in full the debt amount
(if F+R £ L+G.), then renegotiation consists simply in rescheduling debt payments.
Otherwise, if a delayed full payment is not feasible (if F+R > L+G.), debtors either liquidate

the firm (if R 3 GL), or they offer the entrepreneur (if R < G.) an amount e from the firm3
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future cash-flows to induce her to keep running the firm and realize its growth

opportunities.it

In this setting the entrepreneur will invest in the risky project A only if:

p{[H - F]+ +1[H3F]GH +1[H<F]1[R<GH]a MaX[H +G, - R- F’e]} +
+ (1' p){['—' F]+ +1[L3F]GL +1[L<F]1[R<GL]a MaX[L+GL - R- F’e]} 3

3 I-FJ +11. 616y + 1 pplipe @ Max[l +G, - R- F,e] (14)
For I > F > L this is equivalent to:
p(H +G, - F)+(1- p)l[R<GL]a Max[L+G, - R- F,e]31+G, - F (15)

In the Appendix we characterize the entrepreneur optimal policy in this setting. The results
show that renegotiation increases the entrepreneur s expected value associated with the risky
investment. The risky project becomes relatively more attractive and consequently the
expectation of renegotiation increases the entrepreneur % incentives to risk-shift. For the same
reason renegotiation tends, in general, to mitigate the entrepreneur’ risk-avoidance
incentives. The higher the renegotiation costs and the entrepreneur s uncertainty concerning
the terms or feasibility of debt renegotiation, the smaller will be the impact of renegotiation
on the entrepreneur’ risk-avoidance incentives. For firms with very valuable G, even a

small probability of failure in renegotiation can create large risk-avoidance incentives.

1 This section main result - ex-ante expectations of renegotiation mitigate risk-avoidance incentives and increase
risk-shifting incentives — is robust to other renegotiation outcomes, as long as the entrepreneur expects, at time 1,
to receive some cash-flows after defaullt.
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1.5 Risk-Shifting, Risk-Avoidance and Myers>Underinvestment

1.5.1 Myerss Underinvestment and Growth Opportunities

The presence of illiquid growth opportunities not only impacts risk-shifting incentives but it
affects as well the incentives for a Myers”(1977) underinvestment problem. In this section,
we will show that Myers s underinvestment incentives are reduced if the firm has valuable
illiquid growth opportunities. In addition, we will show that if the value of those growth
opportunities is sufficiently high, Myers% underinvestment incentives are completely
eliminated. Figure 6 redraws Myers” problem (1977, Figure 2, pg. 153) incorporating the
firm % illiquid growth opportunities, G.

In this model the entrepreneur has, at time 1, a single investment project available. At time 2
the project generates cash-flows that depend on the state of nature s. The entrepreneur sees
privately, at time 1, the state of nature and decides whether to invest in the project. From the
entrepreneurl perspective all uncertainty concerning the future cash-flows is already
removed at the time of investing. This implies that Myers” problem is concerned with the
firm propensity to invest and not with the firm % risk choices, which is the focus of the risk-
avoidance model. The agency problem arises because contracts contingent on s cannot be

enforced: sis privately observed and is not verifiable.

Figure 6 incorporates illiquid growth opportunities in Myers”model. The presence of illiquid
growth opportunities extends the maturity of the equity contract beyond the model?
terminal date and beyond debt* maturity. In line with the risk-avoidance model, we assume
that the entrepreneur has private information concerning the value of the firm3% growth
opportunities. To reflect more clearly the impact of risky debt on the firm% investment policy
we assume, initially, that the value of the growth opportunities, G, is the same across all
states of nature. Later, we relax this assumption which is not crucial to obtain our main
results. We also assume that the value of G is independent from the entrepreneur decision

concerning the current investment project.
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In an all-equity firm the entrepreneur optimal investment policy is to invest in the current
project if it has a positive net present value. She will invest in the current project in any state
of nature at least as favorable as s.. This decision considers only the project* cash-flows and
ignores the firm growth opportunities. In an all-equity firm the entrepreneur ignores the
value of the growth opportunities to make her current investment decision, because she will
be always able to explore later the growth opportunities. She will retain control of the firm,

independently of her current investment decision.

The optimal investment policy of a firm with no growth opportunities and with debt of
promised payment F outstanding is to invest in the current project in those states of nature at
least as favorable as s». The firm presents a Myers3 underinvestment problem because it
does not invest in the current project in those states of nature in the interval [s,, Sv), States for
which the project presents a positive net present value. The entrepreneur does not invest in
the current project because the cash-flows from the project will first be used to pay F and,
consequently, in those states, the remaining value accruing to the entrepreneur will be less
than the initial investment I. The project? net present value is positive, but its net present
value to the entrepreneur is negative. The firm suffers from a debt overhang problem. The
triangle ABB" represents the agency costs of debt, resulting from an investment policy which

differs from the one that maximizes the total firm value.

The optimal investment policy of a firm with illiquid future opportunities, G, and with debt
of promised payment F outstanding is to invest in the current project in those states of nature
at least as favorable as s.. To make the current investment decision, the entrepreneur now
considers both the cash-flows generated by the current project and the value of the firm3
future growth opportunities. As a result the debt overhang problem is mitigated. The
entrepreneur invests in the current project even in those states of nature in the interval [s, S),
for which the cash-flows the entrepreneur receives from the project are not enough to cover
her investment I. Nevertheless the current project is worthwhile for her in those states,
because it enables the entrepreneur to pay off the debt and to retain control of the firm. The

current project is implemented because it enables the entrepreneur to retain access to the
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firm future growth opportunities.’2 This firm still presents a Myers3 underinvestment
problem, as it does not invest in the current project in those states of nature in the interval
[sa Sc), states for which the project has a positive net present value. Nevertheless Myers%
underinvestment problem is mitigated and the agency costs of debt are reduced to the
triangle ACC". If the value of the growth opportunities at s, is equal to or bigger than F, then

sc will coincide with s, and Myers s underinvestment problem disappears.

Figure 6 presents the same growth opportunities, G, across all states of nature. Figure 6.A
presents two additional examples where the value of the growth opportunities differs across
states of nature. The main result is the same: Myers~underinvestment problem is reduced in
both cases, but the examples present a difference in the magnitude of the effect. The exact
impact on Myers3 underinvestment problem is a function of the correlation between the
value of the illiquid growth opportunities and the level of the firm% cash-flows at time 2. For
strong positive correlations the reduction in Myers”underinvestment incentives is smaller
than for negative correlations. The higher the level of growth opportunities around and to

the right of s, the closer s. will be to s, and the lower Myers~underinvestment problem.

1.5.2 Risk-Shifting, Risk-Avoidance and Myers s Underinvestment

In this section we develop a model which combines risk-shifting and risk-avoidance
incentives with Myers” underinvestment problem. The purpose is to clarify further the
nature of the different agency costs of debt. The model is similar to the risk-avoidance model
of section Il, but now the entrepreneur has three alternatives at time 1. She can invest in the
risky project or in the riskless project and she can also pay herself an amount D as a

(potentially high) dividend.: This extended model is depicted in Figure 7. It is useful to note

12 An dlternative way for the entrepreneur to retain access to the firm's growth opportunities is to pay F directly
from the entrepreneur’s wealth, without investing I, but this is a worse dternative as the current project has a
positive net present value.

3 To incorporate Myers underinvestment problem the model alows for a dividend payment at time 1: D £ 1.
The distribution of adividend D is asimple way to create, at time 1, a Myers underinvestment problem, but it is
not the only potential source of an underinvestment problem. For an underinvestment problem to occur what is
crucial is to have a mechanism which allows that the cash raised at time O by the firm is no longer available for
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that there is no reason for Gp, the firms growth opportunities associated with no investment
at time 1, to be bigger than G,,, the growth opportunities associated with the riskless
investment. We will then assume, without loss of generality, that G, 3 Gp. This inequality
implies that for an all-equity firm the payment of a dividend D is weakly dominated by the
riskless project, because the net present values of the remaining cash-flows associated with
both alternatives are equivalent. This means that, as expected, for an all-equity firm there is

no Myersunderinvestment problem.

In an all-equity firm the entrepreneur will invest in the project with the highest expected net
present value. She will invest in the risky project A if and only if
p(H +G, )+(1- p)(L+GL)3 | +G, . This is equivalent to investing in the risky project A
for all values of p such that:

. o_ 1+G -L-G,

Pe H+G, - L-G,

(16)

The entrepreneur will invest in the riskless project B only if p < pg.

If the firm has risky debt outstanding with repayment value F (I > F > L), the entrepreneur
will invest in the risky project A only if the risky project is more valuable for her than the
riskless project B, p(H +G, - F) 3 1 +G, - F,and more valuable than paying the dividend
D, p(H +G, - F) 3 D. This is equivalent to investing in the risky project A for all values of

p such that;14

, r_ |+G -F

——— and H+G,-F)3D 17
Pe H+G, - F p( H ) (17)

investment at time 1. The cash raised can be either distributed as a dividend to shareholders, dissipated on
managers perquisites, or previoudy invested in projects which turned out to offer bad outcomes. It is possible to
develop a more complex setting which makes Myers  problem more interesting, but we believe that the main
intuitions are maintained in this simple version.

¥ As expected the introduction of a Myers underinvestment problem does not impact the optimal cut-off levels

pg and pg , which are exactly the same asin the risk-shifting model with growth opportunities.
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The entrepreneur will invest in the riskless project B only if the riskless project is more

valuable for her than the risky project A, p(H +G, - F)< | +G, - F, and more valuable

than paying the dividend D, | +G, - F 3 D. This is equivalent to investing in the riskless

project B for all values of p such that:

| +G, - F
£F: |
PZ Pg H+G, - F

and 1+G,-F3D (18)
The entrepreneur will not invest at time 1 and will pay instead a dividend D only if the

dividend is more valuable for her than the best of the investment projects:
D3 max[p(H +G,, - F),1 +G, - F| (19)

The optimal investment policy of the firm with risky debt outstanding can be seen as an
interaction between equation (19) and the results of our previous risk-shifting model with
growth opportunities. If equation (19) is verified there is a Myers”underinvestment problem.

Otherwise, if F £ L the debt is riskless and there are no agency costs of debt; if F > L what is

crucial is the relation between F-L and GL. If F-L > G. then p{ < pg and there is a risk-
shifting problem; if F-L = G, then pg = pg and there are no agency costs of risky debt; if

F-L < G then pg > pg and there is a risk-avoidance problem.

In conclusion:

a) - there is a Myers”underinvestment problem when the expected cash-flows at time 2 and
the associated growth opportunities have a lower value than the amount the entrepreneur is
able to take away from the firm (or is required to put in the firm) at time 1;

b) - there is a risk-shifting problem if a) is not true and the growth opportunities in the bad
states of nature are less valuable than the value of limited liability;

c) - there is a risk-avoidance problem if @) is not true and the growth opportunities in the bad

states of nature are more valuable than the value of limited liability.
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Some papers have implicitly considered an opposition between risk-shifting incentives
(overinvestment in risky projects) and Myers”underinvestment incentives (see, e.g., Parrino
and Weisbach, 1997; Chen, Weston and Altman, 1995). The above model shows that risk-
shifting incentives are instead in contrast with risk-avoidance incentives (underinvestment in
risky projects) and that both effects are conceptually very different from Myers”
underinvestment problem. In Myers framework there is a global underinvestment problem
as the shareholders decision to invest increases the value of bondholders claims. This
underinvestment problem can be contrasted with overinvestment problems such as those
motivated by managerial preference for bigger firms (see, e.g., Jensen, 1986; Stulz, 1990).
Myers”underinvestment and managerial overinvestment problems are both concerned with

the firm investment level or, in other words, its investment propensity.

In risk-avoidance and risk-shifting problems what is relevant is not the firm3 investment
level but only its risk characteristics: the firm% risk choices. In the risk-shifting, risk-
avoidance model of section Il there is no global underinvestment or overinvestment problem
- the firm will invest the same amount regardless of the choice of project. Myers”
underinvestment problems and managerial overinvestment problems are concerned with the
firms investment level: with the amount to be invested by the firm. Risk-avoidance and risk-
shifting problems are concerned with the firm risk choices: with the type of projects in
which the firm will invest its resources. All the above effects have something in common:
they are all concerned with deviations from the firm3 first-best investment policy.
Nevertheless the above effects are distinguishable along those two dimensions: the firm3

investment propensity and its risk choices.

Table 1 summarizes the above discussion. With the exception of managerial overinvestment,
all the remaining deviations from the firm first-best investment policy are created by the

presence of risky debt.
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Deviations from the firm % first-best investment policy concerning:

The firm investment level: Managerial overinvestment Myers”underinvestment
' (Jensen, 1986; Stulz, 1990 ) (Myers, 1977)
Risk-shifting
The firm™ risk choices: (Jensen and Meckling, 1976; Risk-avoidance
Green, 1984)

Table 1

It is interesting to note that each of the above deviations from the firm % first-best investment
policy arises due to a different motivation. In particular, in a Myers” underinvestment
problem, shareholders underinvest in riskless projects because they will lose control of the
firm in any case. Instead of investing in the firm they prefer to take as much money out of the
firm as they can, or at least to minimize the money they put in the firm before losing control
of it. In arisk-avoidance problem shareholders avoid risky projects precisely for the opposite

reason: they do not want to risk losing control of the firm.

The results presented in this section show that for a given debt level, the riskier and the more
valuable the firms growth opportunities are, the more likely they are to create a risk-
avoidance problem and not a Myers underinvestment problem. The less risky and the less
valuable the firm* growth opportunities are, the more likely they are to create a Myers
underinvestment problem and not a risk-avoidance problem. Our results suggest that it is
likely that in the early stages of financial distress, and at least for firms with valuable growth
opportunities, risk-avoidance incentives are the dominant deviations from the firms optimal
investment policy. In later stages of financial distress, for firms with low or deteriorated

economic prospects, risk-shifting and Myers”underinvestment incentives become dominant.

Our model suggests that the firm % reaction to financial distress is crucially dependent on its

economic prospects. In a situation of financial distress a firm with low economic prospects
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presents risk-shifting and Myers” underinvestment problems while a firm with good
economic prospects presents risk-avoidance problems. On the other hand, Jensen (1986)
states that if the firm presents a good financial situation and low economic prospects,
managers tend to overinvest: they will invest the firm3 resources in negative present value

projects. These ideas are summarized in Table 2.

The impact of economic prospects Economic Foundations

and financial distress on the firm%

investment incentives: Good Bad
Good First-best Managerial
investment policy overinvestment
Financial
Situation . . )
Bad Risk-avoidance Risk-shifting and Myers
underinvestment
Table 2

1.6 Discussion and Empirical Implications

In terms of methodology this paper makes two related contributions: the first is concerned
with adding a multiperiod perspective to finite-period models and the second is concerned
with the application of option analogies to Corporate Finance settings. To model the firm?%
behavior in Corporate Finance we ideally would like to work in a multiperiod, infinite
horizon, setting. For tractability most Corporate Finance models have restricted the analysis
to finite period models, but that restriction has generally ignored the value of the firm as a
going concern. This paper presents a possible approximation to multiperiod settings: it

considers that at the model* terminal date the firm still has some valuable future
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opportunities which are not immediately convertible in cash-flows. This is a step towards a
multiperiod analysis in the sense that although the model retains the flexibility of traditional
finite period settings it also incorporates the firm future opportunities. The firm is modeled
as a going concern and the future, although not explicitly modeled, is incorporated in the
problem by considering the value of the firm% future growth opportunities. The presence of
illiquid growth opportunities extends the maturity of the equity contract beyond the model 3
terminal date and the maturity of the debt contract. This approach is likely to add value to

other finite period Corporate Finance models.

The use of option analogies in Corporate Finance has brought powerful insights and has
helped to clarify difficult concepts and intuitions. Nevertheless, the present paper shows that
some care must be taken in the application of option analogies to the Corporate Finance
setting. In general, it seems that real options are rarely straight options, they involve several
interdependencies, which are usually not present in financial options. In particular, this
paper shows that finite period models tend to adopt the limited liability straight put option
analogy too literally, by restricting the life of the firm to the period which ends with the
options exercise date. As a result the nature of the firm as a going concern and the inherent

complexities are lost in these models.

Risk-avoidance incentives predict that firms with high illiquid future economic rents avoid
debt and, if they require outside financing, they prefer to use outside equity or venture
capital. These are financial contracts which minimize the risk of transfer of control in the low
states of nature and so minimize the loss of value associated with risk-avoidance behavior.
We should note that the claims that solve the risk-avoidance problem also solve the risk-

shifting problem; but the reverse is not true.

Risk-avoidance behavior occurs if future economic rents are private information. This is
consistent with the observation that ““leverage does not reduce growth for firms known to
have good investment opportunities but it is negatively related to growth for firms whose
growth opportunities are either not recognized by the capital markets or are not sufficiently
valuable to overcome the effects of their debt overhang™ (Lang, Ofek and Stulz, 1996). Risk-

avoidance behavior does not occur if future economic rents can be transformed in liquid
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cash-flows, if they are marketable. In these instances it is likely that the firm will be able to

renegotiate its (defaulted) debt contracts.

A possible extension of the results of this paper is the one concerned with the risk incentives
created by a flat-rate deposit insurance system. Our results are similar to the intuitions
developed by the banking literature adopting the charter value perspective: Keeley (1990)
shows that risk-shifting becomes an issue in banks only when their charter value (their value
as a going concern, the value of their future opportunities) decreases. Risk-shifting incentives
of a flat deposit insurance premium become a problem only when deregulation increases
competition in banking, resulting in lower charter values, at least for some banks or thrifts.
This is equivalent to say that high charter values induce risk-avoidance incentives even with
a flat-rate deposit insurance system. Only when the bank charter value is reduced, or
equivalently its future economic rents are reduced, do the risk-shifting incentives induced by

high leverage and a flat-rate deposit insurance premium become dominant.

1.7 Conclusion

The result that risky debt induces incentives for risk-shifting (overinvestment in risky
projects) constitutes a major tenet of Corporate Finance theory. This paper shows that the
above result is subject to certain qualifications: risky debt does not necessarily create
overinvestment incentives, in many instances it will actually create the opposite incentives.
With risky debt outstanding a firm with low economic prospects will indeed overinvest in
risky projects, but firms with good illiquid opportunities will instead underinvest in risky
projects. The owners of these firms will optimally pass up good but risky investment projects
because they do not want to risk losing control of the firm: they present risk-avoidance
behavior. The paper also shows that the presence of illiquid growth opportunities mitigates
and can even eliminate Myers” underinvestment problem. In synthesis, illiquid growth

opportunities crucially impact previous results concerning the agency costs of risky debt.
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Risk-avoidance incentives help to explain why firms with risky debt outstanding and illiquid
growth opportunities present conservative investment policies. The owners of these firms,
including highly levered banks and LBO firms, avoid investments which are too risky
because they do not want to lose control of the firm before realizing its growth opportunities.
Our paper also contributes to understand why young technology driven firms avoid issuing
debt. It explains why firms with high illiquid growth opportunities present, ceteris paribus,
lower levels of debt than those of firms with low or liquid growth opportunities. Firms with
illiquid growth opportunities avoid debt financing not because debt creates for them risk-
shifting incentives or Myers underinvestment problems, but because debt creates risk-

avoidance problems and the potential loss of their valuable growth opportunities.

In terms of methodology this paper makes two contributions: we argued that considering
future economic rents in finite-period models retains the flexibility of those models while
adding a multiperiod perspective. New results are derived from extending the maturity of
equity beyond debt* maturity in finite period settings. This paper also showed that finite
period Corporate Finance models implicitly associate limited liability with a straight put
option. In consequence, risky debt generates always risk-shifting incentives in these models,
as, ex-post, the entrepreneur tries to maximize the value of the put option. We demonstrate
that the firm% investment incentives are substantially more complex than the simple risk-
shifting results obtained in finite-period models. These models fail to account for the fact that
the firm has other options outstanding, particularly growth options, and that exercising the
put option provided by limited liability inhibits the exercise of the firm* remaining options.
To define the risk incentives created by risky debt what is crucial is the relation between ex-
post gains due to limited liability and the losses due to forgoing the firm future growth

opportunities.



Appendix

Proof of Lemma 1: An investment policy with a cut-off level generates the following cash-flow

1
\

1 *
distribution: H+Gy occurs with probability E(l p 2): Q pdp, 1+G; occurs with probability

P \1

p = 0 dp, and L+G. occurs with probability%(l— p )= Q. (1— p) dp. Using p: < p2 in

the terminal cash-flow distribution proves Lemma 1. Q.E.D.

Proof of Proposition 1: a) The entrepreneur will invest in the risky project if and only if
equation (6) is verified. For F £ L, debt is riskless and equation (6) is equivalent to

p(H- F+G,)+(- p)(L- F+G,)3 I - F+G,, which is equivalent to (4) and (5). Then
P (F)=pg.

For L < F £ I, debt is risky and [L- F|’ +1,.,1G, =0. Equation (6) is equivalent to
p(H+G, - F)3 1 +G, - F andto (7). Then p" (F) = p§ .

ForF>1, [l - F]' +1,.4G, =[L- F]’ +1, .G, =0.(6) isequivalent to p(H+G, - F)3 0
which is equivalentto p3 0. Then p (F)=0.

b) For L<F £1, p (F)= pg and equation (8) shows that p; = pg iff F-L = G, p¢ < pg iff
F-L> G, pt >pg iff F-L <G For F>1, p (F)=0< pg from a). The result follows from

Lemmal. Q.E.D.

Proof of Proposition 2: @) For F £ L, p (F)= p° by (1). For L < F1 < F, £ 1, (3) implies that
p (F,)<p (F)<p°.ForF>1,(2) impliesthat p'(F)=0= p (). The result follows from
Lemma 1.

b) For FEL, p (F)= p° from a). This implies that AC(F) =0.
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ForL<F£1, p (F)=p* and AC(F)=NPV(p®)- NPV (pF) :%(H - 1)(p°- p" ). Then

>0.

TACCE) _ (0 or)(H= LUH - 1)
-

For F> 1, p (F)=0= p (I)from a). Then AC(F): AC(I). The agency costs of debt are

—=.Froma) p° > p", which implies TAC(F)
(H- F) ¥

then increasing in F and strictly increasing in Fintherange LEF £1. Q.E.D.

Proof of Proposition 3: a) For F £ L, p (F)= pg by (9). For L < F1 < F £ I, (8) implies that
p (F,)< p (F).ForL<F<L+G, p (F)> pg by (8), creating non-monotonicity. For F > 1,
(9) impliesthat p (F)=0< p (). The result follows from Lemma 1.

b) For F£L, p (F)=pg from a). This implies that AC(F)=0.For L<F£1, p (F)= p&

and AC(F) = NPV (p2) - NPV (pf :%(H +G, - L- G)(p2 - pE ). Then

AC(F) :(po_ pg)(H G, - L-G)H+G, -1-G))

. For L < F < L+Gi, pQ <pg,
qF G (H+G, - F)? L P < Ps

which implies <0.ForL+GL <F£1l, pg > pg , which implies

TAC(F) TAC(F) . o
fiF fiF

For F>1, p (F) =0 and the agency costs of debt are constant. Q.E.D.

Results for the model with renegotiation in section IV.C: Equation (15) presents the condition for
the entrepreneur to invest in the risky project. The impact of renegotiation depends on the
incentives faced by the entrepreneur in the model without renegotiation, presented in section
I1.B. For L < F < L+G_ the entrepreneur faced risk-avoidance incentives in the model without
renegotiation. In the present setting the following alternatives occur:

If R > G there is no renegotiation. The value of the growth opportunities is lower than the
renegotiation costs. Renegotiation is too costly to solve the risk-avoidance problem. If the
firm defaults on its debt payment it is liquidated.

If F+R > L+G_ and R £ G, there is renegotiation but the firm% debt will not be repaid in full.
Debtors benefit from allowing the entrepreneur to appropriate an amount e from the firm3
future cash-flows to induce her to keep running the firm. The entrepreneur? optimal

investment policy is defined below in equation (A.4).
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If F+R £ L+G., which implies R < Gy, there is renegotiation and the firm% debt will be paid in
full. In this case equation (15) becomes:

p(H+G, - F)+a(l- p)(L+G, - R-F)31+G, - F (A1)
The entrepreneur will then invest in the risky project A for all values of p such that:

R_1+G -F-a(L+G, - R-F)

° Pe = A2
P Ps H+GH-F-a(|_+GL_R_ F) ( )

P& can be written as:
of = |+G, -F-a(lL+G, -F-R) _1+G -L-G_ -(l-a)F-L)+(1-a)s, +aR A3

" H+G,-F-a(L+G -F-R) H+G,-L-G -(-a)F-L)+(1-a)s, +aR
Equation (A.3) highlights the differences between pg and pg. With probability (1-a) there is

no renegotiation and, if state L occurs, the entrepreneur loses G, which, in this case, is higher
than F-L, the value of limited liability. With probability a the value of G. is public
information and there is renegotiation at a cost R, allowing the entrepreneur to realize the
value of the firm % growth opportunities.

By comparing (A.3) with (8) it is clear that pQ £ pS £p&. In one limiting case, if
renegotiation occurs with certainty and if it is costless (if a =1 and R=10) then pg = pgz
there is no risk-avoidance and the entrepreneur s optimal policy is the same of an all-equity
firm. In another limiting case, if renegotiation never occurs (if a = 0) then ps = pg and the
results from section I1.B apply. In general, there is risk-avoidance even with renegotiation
but, if R is small, there is less risk-avoidance than without renegotiation. The lower the
probability a and the higher the cost R, the higher are the risk-avoidance incentives. For
firms with very valuable G. even a small probability of failure in renegotiation can create
large risk-avoidance incentives.

If F > L+GL the entrepreneur faced risk-shifting incentives in section 11’5 model without
renegotiation. In the present setting if R £ G, then there is renegotiation but the firms debt
will not be repaid in full as G. is not high enough. Debtors offer the entrepreneur an amount
e from the firms future cash flows to induce her to keep running the firm and to realize its
growth  opportunities. In this case equation (15) becomes equal to
p(H +G, - F)+a(1- p)e 31 +G, - F. This is equivalent to invest in the risky project A

for all values of p such that:

37



(A.4)

Pe can be rewritten as:

o = | +G, -F-ae _|1+G -L-G -(F-L)+G, +ae
© H+G,-F-ae H+G,-L-G_ -(F-L)+G, +tae

(A.5)

which, comparing with (8), shows that pg £ pg . Renegotiation increases the entrepreneur %
incentives to risk-shift by subtracting the term ae from the numerator and the denominator
of pg . Renegotiation increases the entrepreneur expected value associated with the risky

investment, so it increases the attractiveness of the risky project. If at time 1 the entrepreneur
anticipates that debt will be renegotiated at time 2, then her risk-shifting incentives will

increase.
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Figure 1

The entrepreneur 3 risk choices in the classic risk-shifting framework

P H
1-p—~L
A
[} L g |
t=0 t=1 t=2
The entrepreneur issues The entrepreneur sees p and Final cash-flows
debt of face value F makes the investment decision are realized

A: Risky project. B: Riskless project.
p represents the probability that the cash-flow H will occur. The entrepreneur has private information,
at time 1 and time 2, concerning the value of p.
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Figure 2

The entrepreneurs risk choices with illiquid growth opportunities

p_ H+G,

1-p™ L+G

L
A
[} L8 I+G,
t=0 t=1 t=2
The entrepreneur issues The entrepreneur sees p and Final cash-flows are realized,

debt of face value F makes the investment decision growth opport. are not realized

A: Risky project. B: Riskless project.

p represents the probability that the cash-flow H will occur. Gy, G, and G, represent the net present
value of future growth opportunities. The entrepreneur has private information, at time 1 and time 2,
concerning the value of p, Gn, G, and G..
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Figure 3

Option analogies and Corporate Finance models

A. Finite-period model

I, i, { ]
LL opt.
t=0 t=1 t=2

B. Finite-period model with growth opportunities

G opt.
I, i, { ]

LL opt.
t=0 t=1 t=2

C. Multiperiod model

G opt. G opt. G opt.

3 0 3 3 [(F---mmmes
LL opt. LL opt. LL opt.

t=0 t=1 t=2

G opt. represents a growth opportunity call option; LL opt. represents a limited liability put option
associated with bankruptcy



Figure 4

Illiquid growth opportunities and the entrepreneur % risk choices

A. Firmswith no B. Firms with

. Illiquid Growth Opportunities . [lliquid Growth Opportunities
p (F) p (F)

I
|
|
I
| .
L | F L L+G, | F

The optimal investment policies, for different debt levels, F, for firms with no illiquid growth
opportunities and for firms with illiquid growth opportunities.

> Figure 4.B assumes that | > L+G,. If instead it was | £ L+ G, the figure would be similar but the firm would
present risk-avoidance incentives for al values of F in the interval [L, I]. The optimal cut-off level p’(F)

would be aways above pg in thisinterval.



Figure 5

Illiquid growth opportunities and the agency costs of debt

A. Firmswith no B. Firmswith
[lliquid Growth Opportunities [lliquid Growth Opportunities
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The patterns of agency costs of debt, for different debt levels, for firms with no illiquid growth
opportunities and for firms with illiquid growth opportunities.16

1® Figure 5.B assumesthat | > L+G,. If instead it was | £ L+ G, the figure would be similar but the agency costs
of debt would be strictly decreasing in theinterval [L, I].



Figure 6

Myers~underinvestment problem with illiquid growth opportunities
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The entrepreneur s investment decision as a function of the state of the world for a firm with illiquid
growth opportunities.
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Figure 6.A

Myers”underinvestment problem and illiquid growth opportunities
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The entrepreneur s investment decision as a function of the state of the world for firms with illiquid
growth opportunities. The value of the growth opportunities varies across states of nature. The
dimension of Myers”underinvestment problem depends on the correlation between the value of the
illiquid growth opportunities and the level of the project cash-flows.
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Figure 7

The entrepreneur s investment decision with illiquid growth opportunities

p_— H+G,
A 1-p~ L+G,
1 B I+G,
C
D (I-D)+Gp
t=0 t=1 t=2
The entrepreneur issues The entrepreneur sees p and Final cash-flows are realized,
debt of face value F makes the investment decision growth opport. are not realized
A: Risky project. B: Riskless project. C: Payment of a dividend D.

p represents the probability that the cash-flow H will occur. Gn, G, G and Gp represent the net
present value of future growth opportunities. The entrepreneur has private information, at time 1 and
time 2, concerning the value of p, Gn, G, Gi and Gp.
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