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This article illustrates an incentive-aligning role of debt in the presence of optimal
compensation contracts. Owing to information asymmetry, value-maximizing com-
pensation contracts allow managerial rents following high investment outcomes. The
manager has an incentive to increase these rents by choosing investments that gen-
erate greater information asymmetry. An aptly chosen debt level mitigates this
incentive, because investments that generate greater information asymmetry have
more volatile outcomes. The greater volatility would make the debt risky, causing
the shareholders to focus on high outcomes and therefore compensation contracts
that reduce managerial rents. At the optimum, the manager avoids opportunistic
investments, and the shareholders offer value-maximizing compensation contracts.
Empirically, the analysis predicts a negative relationship between leverage and
market-to-book that is reversed at extreme market-to-book ratios, a negative relation-
ship between leverage and profitability, a negative relationship between leverage and
pay-for-performance, and a positive relationship between pay-for-performance and
investment opportunities.

The literature on corporate incentive conflicts provides considerable
insight into the determinants of corporate capital structure. In their
seminal papers, Fama and Miller (1972) and Jensen and Meckling
(1976) illustrate that sharecholders have an incentive to expropriate bond-
holder wealth by substituting into riskier investments, and Myers (1977)
illustrates that shareholders have an incentive to under-invest when part
of the return accrues to bondholders. Other studies incorporate manage-
rial incentives (as distinct from shareholders) and illustrate the effects of
capital structure on managerial decisions. For example, Jensen (1986) and
Zwiebel (1996) illustrate that debt can focus managers on value maximi-
zation rather than personal objectives, and Stulz (1990) illustrates that
debt can force the disbursement of cash flows to deter over-investment.
A potential criticism of this literature is that it does not explain why
managerial decisions are influenced by capital structure rather than expli-
cit managerial compensation contracts. Indeed, studies that focus on the
explicit design of managerial incentive contracts have questioned the
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insights above. For example, Dybvig and Zender (1991) illustrate that if
the owners can implement a long-term compensation contract, manage-
rial decisions are in fact independent of capital structure (effectively
resurrecting the Modigliani-Miller irrelevancy results). In response,
Persons (1994) illustrates that such a long-term contract may not be dyna-
mically consistent: the shareholders can profitably renegotiate the
contract when the opportunity to expropriate bondholder wealth arises.
While the implication is that capital structure is again relevant, Persons
stops short of illustrating the capital structure that is optimal in the presence
of dynamically consistent compensation contracts.

In this article, we formally investigate the interaction between capital
structure and dynamically consistent compensation contracts and illus-
trate the optimal capital structure. The interaction between capital struc-
ture and compensation stems from managerial discretion over an initial
investment choice that affects the manager’s subsequent (second period)
information advantages. These second-period information advantages
include a hidden action and a hidden knowledge regarding the success
of the investment chosen in the first period. As a result, the value-
maximizing second-period compensation contract trades off managerial
rents when the investment outcome is high with suboptimal managerial
actions when the investment outcome is low. Recognizing this, the manager
has an incentive to make a first-period investment choice that increases her
second-period information advantages and therefore her second-period
rents. Specifically, the manager has an incentive to choose an investment
with greater dispersion in the privately observed second-period outcomes.
The increased dispersion is presented as a mean preserving spread, so that
the manager’s incentive to choose such investments represents an adverse
asset substitution incentive in the first period.

The manager’s asset substitution incentive depends on the firm’s debt
level, because the second-period incentive contract that maximizes share-
holder wealth depends on the level of debt outstanding. In particular, a
risky debt level distorts the sharecholders’ incentive to choose an incentive
contract that efficiently trades off the managerial rent when the invest-
ment outcome is high with the inefficiency of the action when the invest-
ment outcome is low—if the debt level becomes risky, the bondholders
bear the cost of inefficient actions when the outcome is low, and the
shareholders choose the compensation contract to minimize the man-
ager’s rent when the outcome is high [effectively, debt overhang leads to
“under-investment” following low outcomes, similar to Myers (1977)].
This implies that a second-period debt level that becomes risky with
asset substitution, but not otherwise, can deter the manager from asset
substitution in the first period.

The effect of capital structure on the dynamically consistent compensa-
tion contract is based on the assumption that debt contracts are more
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costly to renegotiate than compensation contracts (which are negotiated
in the presence of an outstanding debt level). In particular, the incentive
alignment is based on a debt payment that is due at the end of the second
period but issued at the beginning of the first. This implies that the ability
to make the second-period debt payment also depends on interim uncer-
tainty, which we incorporate via the realization of uncertain first-period
cash flows. If the exogenous realization of first-period cash flow is parti-
cularly high, the manager is able to invest opportunistically (asset sub-
stitute) and still make the second-period debt payment. Alternatively, if
the realization is particularly low, the second-period debt payment can
become risky even without asset substitution and therefore cause under-
investment by the shareholders.

The optimal capital structure minimizes the expected cost of these
agency conflicts—i.e., the expected cost of managerial opportunism
(asset substitution) following high cash flow realizations and shareholder
opportunism (under-investment) following low cash flow realizations. In
our analysis, under-investment is more costly than asset substitution, due
to the complete disregard for inefficiency following low investment out-
comes. Thus, the firm optimally chooses a relatively low debt level that
avoids under-investment and allows managerial opportunism following
the highest cash flows realizations.

Dewatripont and Tirole (1994) also present a model in which capital
structure combines with an explicit managerial compensation contract to
induce an efficient first-period action (effort choice) by the manager. In
their model, the manager’s effort choice depends on a non-contractible
second-period asset substitution choice made by the controlling inves-
tor—specifically, the controlling party, shareholders or bondholders, can
terminate existing investments, which reduces risk. (Berkovitch, Israel,
and Speigel (2000) provide a similar analysis, except that terminating the
current investment is framed as managerial replacement and assumed to
increase rather than decrease risk.) The second-period asset substitution
choice affects effort because the optimal compensation scheme provides
pay for performance, so the incentive to provide effort reflects the prob-
ability of high performance. The debt level affects asset substitution
because default transfers decision rights, and the shareholders and bond-
holders have different asset substitution preferences.

Our article differs from Dewatripont and Tirole [and Berkovitch,
Israel, and Speigel (2000)] in many ways. First, building on the work of
Dybvig and Zender (1991) and Persons (1994), we focus on the implica-
tions of capital structure when shareholders and bondholders have con-
flicting incentives with respect to the actions induced by managerial
incentive contracts [in Dewatripont and Tirole (1994) and Berkovitch,
Israel and Speigel (2000), both shareholders and bondholders prefer a
compensation contract that induces high managerial effort]. Most
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significantly, however, we focus on the case where the manager’s first-
period action is designed to affect the subsequent contracting environment.
This latter distinction is related to Dow and Raposo (2003) who examine
a manager’s incentive to pursue initial strategies that affect subsequent
compensation contracts. While Dow and Raposo (2003) focus on the links
between the firm’s environment (the scope for opportunistic strategies)
and the features of optimal compensation schemes (e.g., ex ante versus
ex post contracting), our analysis focuses on the links between incentives
and capital structure.'

The empirical implications of our analysis relate to leverage, invest-
ment opportunities, compensation contracts, and the firm’s cash flow
position. Leverage is affected by investment opportunities for two rea-
sons. First, investment opportunities increase expected cash flows, so that
leverage must increase to control asset substitution. Second, investment
opportunities increase the manager’s information rents and therefore the
shareholders’ incentive to encourage bondholder wealth expropriation, so
that lower leverage is needed to ensure efficient compensation. For firms
with “normal” opportunities (opportunities that are valuable but risky),
the second effect dominates, producing a negative relationship between
leverage and market-to-book (the empirical proxy for investment oppor-
tunities). For firms with exceptional opportunities, however, the first
effect dominates and the relationship is reversed. The relationship is
also reversed for firms that pursue value-decreasing opportunities (over-
investing firms). The negative relationship for normal firms is consistent
with the findings of Titman and Wessels (1988), Barclay, Smith, and
Watts (1995), Rajan and Zingales (1995), and Johnson (2003). The rever-
sal at extreme market-to-book ratios has yet to be fully investigated but is
consistent with the positive relationship at low market-to-book ratios
found by Rajan and Zingales (1995, note 32).

In addition, since higher managerial rents coincide with greater com-
pensation following high investment outcomes, investment opportunities
increase pay-for-performance under the optimal compensation contract.
For value-increasing opportunities, this implies a positive relationship
between pay-for-performance and market-to-book, as in Smith and Watts
(1992), Gaver and Gaver (1993), Kole (1997), and Bryan, Hwang, and
Lilien (2000). Again, the possibility of value-decreasing opportunities
implies that the relationship may not hold for the lowest market-to-book

A number of other papers link capital structure to explicit compensation contracts, but are less related to
the analysis here. Notably, in John and John (1993), compensation serves as an ex ante commitment that
offsets the shareholder incentive to expropriate bondholder wealth [similar to Dybvig and Zender (1991)
and therefore subject to the same renegotiation concern in Persons (1994)]. In Chang (1993), managerial
incentives are linked to capital structure because only financing variables (debt and dividend payments)
are contractible. In Holmstrom and Tirole (1993), external equity affects the incentive to monitor
managerial performance, and in Douglas (2002), capital structure offsets the manager’s influence over
the compensation setting process.
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ratios. And coupled with the non-monotonic relationship between market-
to-book and leverage, the analysis predicts that pay-for-performance is
negatively related to leverage for all but very high market-to-book ratios,
consistent with the negative relationship in Ortiz-Molina (2004).

Our analysis also predicts that firms with higher expected cash flows or
less volatile cash flows are more levered, since the leverage required to
deter managerial opportunism increases with expected cash flows, and the
leverage level that avoids under-investment decreases with cash flow
volatility. The latter prediction is consistent with the finding of Bradley,
Jarrell, and Kim (1984) that leverage decreases with the volatility of
EBITDA (earnings before interest, taxes, depreciation, and amortiza-
tion). In addition, our analysis predicts a negative relationship between
realized cash flows and the debt/value ratio, consistent with the negative
relationship between leverage and profitability (EBITDA) in Rajan and
Zingales (1995). In our model, this reflects the relationship between
profitability and value—debt is insensitive to realized cash flow because
the same debt level is optimal for a range of cash flow realizations and
because debt adjustment is costly (reflecting our assumption that debt
contracts are more costly to renegotiate than compensation contracts).
This is consistent with Welch’s (2004) finding that the profitability-leverage
relationship is driven by the effect of profitability on market value.

The remainder of the article is organized as follows. Section 1 presents
the basic model. The dynamically consistent second-period compensation
contracts are characterized in Section 1.1, and the asset substitution and
under-investment problems are presented in Sections 1.2 and 1.3 respec-
tively. Section 2 presents the optimal capital structure. Section 3 discusses
empirical implications and extensions, and Section 4 concludes.

. Model

In this section, we outline the basic model and then present the analysis.
The sequence of events and description of variables is presented in Figure 1.

At t = 0, the firm’s owners choose the second-period debt level, F-.
Next, first-period cash flow, ¢; ~ unific, c], is realized. The exogenous
realization of ¢; is observable but not contractible, reflecting that it is
costly to verify accounting reports similar to Townsend (1979), Chang
(1993), Fluck (1998), Gorton and Kahn (2000), and Myers (2000).> After

In our model, ¢; represents the firm’s performance in the first period. In general, firm performance
reflects both current and future cash flows (and both affect the firm’s ability to make future debt
payments). Our analysis extends immediately to the case where first-period cash flow also affects the
expectation of second-period cash flow, provided that the change in expectation is observable but non-
contractible (like ¢;). To maintain focus, however, we omit this extension. The possibility that first-period
cash flow (performance) is contractible, and the use of contractible accounting proxies, is discussed in
Section 3.
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t=0 —— Second period debt level, F,, chosen by owners

- Exogenous 1* period cash flow c; realized — commonly observed but not contractible

— Asset substitution choice Ay made by manager — commonly observed but not contractible
t=1 |— 2" period compensation contract offered by shareholders

— Investment outcome (' realized — privately observed by manager, not contractible

— Managerial action a chosen — privately observed by manager, not contractible

t=2 +— Final value realized — commonly observed and contractible

Figure 1
Sequence of events and description of variables.

¢; is realized, the manager makes an investment choice that determines
the dispersion of the investment outcomes in the second period. Similar to
Jensen and Meckling (1976) and Gorton and Kahn (2000), this is modeled
as an observable but non-contractible asset substitution choice, reflecting
that it is costly to verify the distribution of future returns. In our model,
there are two possible investment outcomes in the second period (repre-
sented by the realization of ¢), and the dispersion between the high and
low outcomes is denoted by Ae = e — £~ The manager can choose the
efficient level of dispersion, in which case Ac = Ax, or add a mean
preserving spread Ay, such that Ae = Ax + Ay (where Ax = x™ — x&
and Ay = y" — y). Thus, asset substitution refers to the addition of Ay. In
contrast to standard analyses, this choice reflects the association between
dispersion and information advantages, because the manager privately
observes ¢ in the second period. More precisely, the manager’s choice
reflects the impact of Ae on the dynamically consistent second-period
compensation contract.

The second-period compensation contract is designed to maximize ¢ = 1
shareholder wealth. We focus on contracts designed at + = 1 to ensure
dynamic consistency, and because there is no loss of generality from
focusing on ¢t = 1 contracts in our model (i.e., £ = 0 contracts are
suboptimal in our model).?> The optimal contract maximizes 7 = 1 share-
holder wealth subject to the manager’s second-period information advan-
tages. These information advantages include the private observation of
the investment outcome ¢’ and a hidden second-period action a. The
second-period investment outcomes, e € {e,eM}, are equally likely

3 In general, 7 = 0 contracts might be beneficial because the option to retain the 7 = 0 contract can increase
the manager’s utility requirement in a ¢ = 1 renegotiation. In our model, however, the manager earns
strictly positive rents at 7 = 1, so the ability to further increase his utility is not beneficial and there is no
loss from excluding r = 0 contracts. For models where ¢ = 0 contracts can add value, see Aghion,
Dewatripont and Tirole (1994) and Dow and Raposo (2003).
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with e > ¢ > 0, and the dispersion Ae = ™ — " determines the degree
of the manager’s information advantage.

Attt =2, final firm value v, = ¢ + ¢ + a is distributed to the shareholders,
debt holders, and managers according to the contracts outstanding. The
manager receives the payment w according to her compensation contract,
and the investors receive the remainder—the debt holders receive up to the
face value F> in the debt contract and shareholders receive the residual. The
shareholders and bondholders are risk-neutral and concerned only with
their expected returns. The manager, however, has utility given by u(w, a) =
w — A(a), where A(a) is the disutility of the managerial action (e.g., effort
or foregone perquisites). The possible effort levels are given by «a € [a, al,
and to simplify, the disutility function is given by*

ko
a@ = {5 ezt
0 ifa<O.

Thus, the manager is risk-neutral with respect to her monetary returns
but exhibits increasing marginal disutility of the action (4'( = k > 0).
Finally, the manager’s reservation utility, denoted u, is normalized to
zero, as is her outside wealth.

The remainder of this section presents the analysis. Section 1.1 presents
the optimal second-period compensation contract when the outstanding
debt (F») is risk free. Section 1.2 illustrates the managerial asset substitu-
tion problem associated with this debt level, Section 1.3 illustrates how
risky debt alters the shareholders’ compensation design problem (i.e.,
presents the shareholders’ under-investment incentive), and Section 1.4
illustrates the interaction between the asset substitution and under-investment
incentives. Section 2 presents the optimal 1 = 0 capital structure.

1.1 Second-period incentive contracts with risk-free debt
In our model, the ability to make the second-period debt payment depends on
three factors: (i) the value of F5, (ii) the exogenous realization of first-period
cash flow, ¢, and (iii) the first-period investment choice, as represented by
Ae. For illustrative purposes, we begin with the contract design problem
when the second-period debt level is risk free—i.e., for combinations of F,
¢1, and Ae such that F, is risk free at # = 1. When the outstanding debt is
risk free, there is no shareholder-bondholder conflict, and the compensa-
tion contract reflects only the manager—owner conflict. We present the case
of risky debt (due to a higher F5, lower ¢y, or higher Ae) below.

At ¢ = 1, the firm’s investment choice, Ac € {Ax, Ax + Ay}, and exist-
ing cash flow, ¢; € [c, ¢], are known to the shareholders, and the optimal

4 We specify 4(a) = 0 for a < 0 to avoid corner solutions. As seen below, this further requires ¢ < —Ae and
a>1/k.

611



The Review of Financial Studies | v 19 n 2 2006

compensation contract is designed to induce efficient second-period
actions a subject to the manager’s private knowledge of the investment
outcome ¢. The second-period contracting problem is similar to that in
Baron and Myerson (1982), Laffont and Tirole (1986), and Kofman and
Lawarree (1993). Specifically, the shareholders observe only the com-
bined outcome ¢ + a (or equivalently, total value v, = ¢; + ¢ + a),
knowing that each realization &' was equally likely. Thus, they design
the incentive contract to maximize their ¢ = 1 expected payoff

.5(c1—i—sH—i—aH—wH)—i-.S(cl+€L+aL—WL) —F,,

where @' denotes the incentive compatible action for each realization of &’.
The incentive contract must satisfy the manager’s reservation utility con-
straint for each possibility (W' — A(a’) > u) to ensure the manager’s
participation when there is a good or bad outcome. It must also satisfy
the manager’s incentive compatibility constraints for each possibility,
given by’

wh — A(d") > wh — A(a" + Ae)
and

wi — A(ah) > wt — A(d" + Ae).

These incentive compatibility constraints ensure that the manager in fact
chooses the intended levels of @', given his ability to claim either value of ',

Some important features of the optimal contract follow immediately
from the constraints. In particular, the incentive compatibility constraint
for the high state (i = H) enables the manager to obtain rents, as seen by
substituting w™ = u + A(a") into the constraint, yielding

wH — A(a™) > u+ A(d") — A(a" — Ae).

That is, the simultaneous information advantages provide the manager
with an information rent equal to 4(a"™) — A(a" — A¢) in the high state, and
the reservation utility constraint for i = H does not bind. Additionally,
the two incentive compatibility constraints cannot simultaneously bind,
as seen by rewriting them as

> Of course, the incentive compatible values of @ associated with each value of ¢ must still be preferred to
any other a, which in our setting would be immediately detectable and therefore result in the minimum
compensation payment of zero—formally, the compensation contract is given by
wh o if vy = ¢ + e +a"
wn) =4 wl if vy =¢; + e + ol
0 otherwise.
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wH —wh < A(@a" + Ae) — 4(a")
and
wH —wh > A(a™) — A(d" - Ae).

Since A’ > 0 and 4” > 0 imply A(a™ + Ae)— A(a") > A(a™) - A(a" - Ae),
only one constraint can bind. To induce efficient actions with the lowest
possible payments, it is the constraint for the high state that binds
(otherwise the shareholders would pay the manager more than necessary
when i = H).

The optimal contract therefore maximizes the shareholders’ expected
return subject to the incentive compatibility constraint for the high state
and the reservation utility constraint for the low state. The Lagrangian is

max L =.5(c; +e- +a- —wt) +.5(c; +e¥ +at —wh) — F,
<wha'>

+ Oky (Wh — A(a") — u) + O (W — A(a) — Wb+ A(d" - Ac)).

The first-order conditions for w" and w'! yield 0k, = 1 and 6iL = .5,
and the first-order condition for ' yields

OL

o= S —A'(d") =0= 4'(d") =1,

illustrating that the optimal contract induces the first best action if i = H,

a = a"®. However, the contract induces a lower level of the action in the

bad state, as seen from the first-order condition for ¢

oL . .
P S—A(a") + 54" (@ — Ae) =0,
so that
1 —A'(a") = A'(a“) — A'(d" — Ae) = A'(a")<1. (1)

The optimal contract induces a" < " to reduce the information rent
A(d") — A(d" - Ae) required to satisfy the incentive compatibility con-
straint for the high state. The information rent decreases when a" is
reduced because A” = k > 0.° Intuitively, the lower action reduces the

marginal disutility of the action, so that the manager has less incentive to

© The result that the agent receives a rent to deter mimicry of lower states in the presence of simultancous
hidden knowledge and hidden actions is well established in the contracting literature. As mentioned
above, the analysis here is closest to Kofman and Lawarree (1993), who present a simplified (two state)
version of the contracting problems in Maskin and Riley (1984) and Laffont and Tirole (1986).
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mimic the low state (which requires further reducing the action by Ae). As
the incentive to conceal value decreases, so does the information rent that
must be offered to deter concealment. Thus, the reduction in " reflects a
trade-off between managerial rents in the high state and the inefficient
actions in the low state.

In sum, the cost of the manager’s second-period information advantage
consists of two components: (i) the manager’s information rent if i = H,
denoted by

pla", Ae) = A(dY) — A(d" — Ae),
and (ii) the inefficiency cost of ¢~ < ¢"™®, given by
a™® — A(d"™®) — (d* — A(d")).

The optimal compensation contract minimizes the expected contracting
costs, denoted

Kk(a", Ae) = 5[p(a", Ae)] + .5[a"® — A(a"®) — (a* — 4(dY))],

as seen by re-writing the expression for the optimal value of " in
Equation (1) as

O S (ah) — A(d" — Ae) — (1 — A/ ()] = 0 (1)
dal

The optimal value of ¢ in Equation (1) characterizes the value-max-
mnzmg second period compensation contract in our model and is denoted
a“ (i.e., a“ characterizes the contract that maximizes the value available to
1nvestors, given the unavoidable managerial information advantages).

It is optimal for the shareholders to induce a“ when F, is risk free as
above, since maximizing shareholder wealth is equivalent to maximizing
firm value. In our model, however, a risk-less second-period debt level
leaves the manager with an opportunistic asset substitution incentive in
the first period, as seen next.

1.2 The asset substitution choice

As discussed above, asset substitution is modeled as a mean preserving
spread in project outcomes, such that Ae increases from Ax to Ax +Ay.
Similar to the standard analysis, asset substitution is an observable but
non-contractible investment decision. Here, however, the asset substitu-
tion incentive reflects a positive association between outcome dispersion
and the manager’s information advantages, which arises because the
manager asymmetrically observes . In particular, the first-period asset
substitution choice reflects the effect on the value-maximizing second-
period compensation contract characterized by Equation (1).
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Asset substitution is costly in our model, because it increases the
manager’s information advantage and therefore the cost to the owners
of contracting with the manager. The increase in contracting costs can be
seen by totally differentiating K(CIL*(Aé‘), Ae), where aL*(Ae) reflects that
the optimal reduction in a" from the first best increases with the man-
ager’s information advantage (as seen formally by differentiating Equa-
tion (1) with A’ (a) = ka, which yields da™" /dAs = —1. The effect of Ae on
expected contracting costs is therefore given by

di(a“ (Ae),Ae) Ok Oa“ +ﬁ
dAe ~ 0at OAe  OAce

= .54'(a" — Ae)>0.

The effect of asset substitution on firm value at ¢ = 1 is seen by
substituting the compensation levels under the optimal contract back
into the objective function. Recalling that the manager’s reservation
utility is normalized to zero, the optimal compensation levels are wH =
A@™®) + p(a", Ae) and w" = A(a"), so that = 1 firm value is given by

vi(er,d" , Ae) = S[ep + M+ atB — A(a"B) — p(d™ (Ae), Ac))
+ .5[cr +e¥ +a¥ — A(dY)] = ¢; + E[e] + B — 4(a"®)
— k(a" (Ag), A¢).

Since asset substitution is a mean preserving increase in Ae that
increases contracting costs, it decreases firm value.” We present this result
formally as lemma 1.

Lemma 1. 4 mean preserving spread in investment outcomes (asset sub-
stitution) increases the level of contracting costs under the value-maximizing
second-period compensation contract to k(@ (Ax + Ay), Ax + Ay) >
K(a™ (Ax), Ax), reducing t = 1 firm value.

Despite the adverse effect on firm value, the manager may pursue asset
substitution to increase the information rents she receives under the
value-maximizing second-period compensation contract, i.e., to increase
p(a" (Ae),Ac) = A(a" (Ac)) — A(d“ (Ae) — Ae). The effect of Ae on the
manager’s information rents is given by

d da“ . .
A0 g~ pey+ (E> (4 (d¥) — A (d — A7)
/

L _
drhe =~
(a" — Ae) — kAe.

7 The result that asset substitution is endogenously suboptimal further contrasts our model from standard
analyses, where an exogenous cost is often required to make the mean preserving spread inefficient
[Gorton and Kahn (2000)].
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The first term represents the direct effect of Ae, which increases the
manager’s rents, and the second term represents the effect of the offsetting
adjustment in ¢~ to maintain the optimality condition Equation (1). In
contrast to firm value (which monotonically decreases in Ae), the man-
ager’s rents are concave in Ae (d°pldAs* = —3k), reaching a maximum at
Ae = 1/(3k). To maintain focus, we restrict attention to the case where the
direct effect of the additional information asymmetry dominates, so that
asset substitution increases the manager’s rents (a sufficient condition is
that Ax + Ay < 1/(3k)).2

This implies that, when F, is risk-less and the incentive contract is
designed to maximize ¢ = 1 shareholder wealth as in Equation (1), the
manager pursues asset substitution. This result is stated formally as
lemma 2.

Lemma 2. When the debt level F> remains risk-less, the manager invests
opportunistically (chooses asset substitution) in the first period, increasing
Ae from Ax to Ax + Ay.

Lemma 2 illustrates that a suboptimal first-period investment strategy
results if second-period debt remains risk free.

Higher (potentially risky) debt levels, however, affect investment
choices, because risky debt introduces the familiar agency conflicts
between shareholders and bondholders. In our model, this affects the
shareholders’ + = 1 compensation design problem and therefore the
manager’s first-period investment incentives, as seen next.

1.3 Risky debt and under-investment

A risky second-period debt level affects the analysis above because risky
debt levels leave no residual in the low state, so that sharcholders are
primarily concerned with the high state and shareholder—bondholder
agency conflicts arise [Myers (1977), Jensen and Meckling (1976)]. Since
the manager makes the operating decisions in our model, the shareholder—
bondholder conflict affect the analysis through the managerial incentive
contract—i.e., the opportunity to expropriate bondholder wealth distorts
the shareholders’ contract design problem at ¢ = 1. Specifically, with risky
debt, the incentive contract that maximizes shareholder wealth induces
highly inefficient actions when low value is realized (¢ = 0) to increase
the return when high value is realized. This expropriation incentive is
similar to the under-investment incentive in Myers (1977) where share-
holders forego profitable projects because part of the return would accrue
to debt holders. Here, the shareholders forego a profitable ex post

The restrictions above, i.e. e > ¢~ > 0 and y~ = 3™ < 0 50 that Ay is mean preserving, require x" > —y"~
= M. The restriction that 0 < Ae = Ax + Ay < 1/(3k) requires x" > x™ — 1/(3k) + Ay = x™ — 1/3k) + 2p™.
There are parameter values that satisfy these restrictions — e.g., x* = y™ and x™ + y* < 1/(3k).
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“investment” of w' since the benefit, an increase in a“, accrues to the
bondholders.

The effect of risky debt on the incentive contract offered by the share-
holders is presented in lemma 3.

Lemma 3. When the second-period debt payment F, is risky, the dynami-
cally consistent compensation contract offered by the shareholders induces a
highly inefficient level of a", i.e. a* = 0. This reduces firm value despite
reducing managerial rents to zero.

The formal explanation (proof) of lemma 3 follows directly from the
change in the shareholders’ objective in the contract design problem,
which becomes

max L =.5(c; + gt —wh — F) + 9]§U(WL — A(d") — u)

<wi,ai>

+ 01 (W — A(a™) — wh + 4(a" — Ae)).

The first-order conditions for w' and a" now yield 0k, = .5 and - = .5,
A'(a'') =1, and

%:—.S(A’(aL) —A'(d"—Ae)) =0=d"=0 (3)

The shareholders reduce a" to zero to minimize the manager’s rent in the
high state, p(a", Ae). They are no longer concerned with the cost of the
corresponding inefficiency in the low state, because this cost is borne by the
bondholders. As illustrated above, bowever, fifrn value (i.e., the value of
equity plus debt) is maximized at a“ [i.e., x(a", Ae) < k(0, Ac) as in (1')].
Thus, inducing a“ = 0 expropriates bondholder wealth but reduces firm
value.

Although the creditors bear the cost of under-investment in a" at r = 1,
they anticipate the possibility at # = 0 and price it into the initial debt
contract. Thus, as in Jensen and Meckling (1976) and Myers (1977), the
original owners ultimately bear the residual loss from the expropriation
incentive. This implies that the initial owners issue risky debt at = 0 only
to the extent that there are offsetting benefits. In our model, the offsetting
benefits stem from the interaction between the manager’s first-period
asset substitution incentive and the shareholders’ second-period under-
investment incentive.

1.4 The interaction between the asset substitution

and under-investment incentives

The analysis above illustrates that the firm’s capital structure affects the
dynamically consistent compensation contract in our model and therefore
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the manager’s first-period investment incentive. In particular, lemma 2
illustrates that when the second-period debt payment F, remains
risk-less, asset substitution will increase the manager’s rents under the
dynamically consistent compensation contract. Lemma 3, however, illus-
trates that the manager will refrain from asset substitution that makes F»
risky, because risky debt induces the sharcholders to offer the under-
investment contract that minimizes managerial rents. The manager’s
first-period asset substitution choice therefore depends on the risk of
making the second-period debt payment. Since the risk of making the
second-period debt payment depends on the value of F> chosen at r = 0
and the realized cash flow ¢, the asset substitution choice depends on F»
and c¢;. In this subsection, we develop the effects of ¢; on the asset
substitution choice, still taking F, as given. The optimal choice of F; is
presented in the next section.

The first-period cash flow ¢, affects the asset substitution choice
because, ceteris paribus, a lower realization reduces the funds available
to make the second-period debt payment. Sufficiently low realizations
make F, risky, such that the shareholders prefer the under-investment
compensation contract. Since ¢, affects the compensation design incen-
tive, it affects the manager’s investment incentive.

To formally illustrate the effect of ¢; on the investment choice, we
identify the realization of ¢; for which the shareholders are indifferent
between the efficient and under-investment compensation contracts. This
realization, denoted ¢, is found by equating the shareholders’ expected
wealth in each case. Since the under-investment contract in lemma 3
induces a™ = 0 and allows no managerial rents in the high state (so that
wH = A(a"®)), expected shareholder wealth is given by

Sler + e+ a'B — 4(a"B) — ] + .5[0]

In contrast, the efficient (value-maximizing) contract of Equation (1)
yields a residual in the low state and allows managerial rents in the high
state, yielding expected shareholder wealth of

Sler + e 4 a" — A(a™®) — p(d" (Ac), Ac) — F2]
+ .5l + el +dt — A(aL*) — B

The value of ¢; at which the shareholders are indifferent, denoted ¢,

equates these two expressions,
e(Fy,Ae) = F> — €& + p(d" (Ae), Ac) — (a" (Ae) — A(d" (A€)))

N 4
=F — " —d"™ + 4(a"®) + 2k (a" (Ac), Ac), )
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where  again  x(a" (Ae),Ac) = 5[p(d" (Ae), Ae)]| + .5[a"® — A(a"®)
—(a" (Ae) — A(a" (A¢)))] is the contracting cost under the efficient com-
pensation contract (i.e., the expected cost to the firm of the rent in the high
state or the low action in the low state).

As seen in Equation (4), the set of realizations for which the share-
holders offer the under-investment contract, i.e. ¢; < ¢(F», Ae), is contin-
gent on the manager’s asset substitution choice, As. A mean preserving
increase in Ae, from Ax to Ax + Ay, increases this set (increases ¢) for two
reasons. First, since Ay is mean preserving, y~ < 0 and y™ > 0, so that "
decreases from x" to x™ + y". This reduces the shareholders’ residual in
the low state if they offer the efficient contract, making the under-invest-
ment contract relatively more attractive. To restore indifference, ¢; must
increase to restore the shareholders’ residual under the efficient contract.
Second, adding Ay increases contracting costs as in lemma 1, reflecting
the increase in managerial rents and the offsetting reduction in a", both
of which reduce expected shareholder wealth under the efficient contract.
The increase in ¢ due to asset substitution is represented by ¢, i.e.

¢

(Fz,AX+ Ay) - z'(1;‘27Ax)

2(k(a" (Ax + Ay), Ax + Ay) — k(d" (Ax), Ax)) — y+>0. ©)

The increase in ¢ due to asset substitution implies that there are realiza-
tions of ¢; for which the shareholders will offer the under-investment
contract if the manager pursues asset substitution, but not otherwise.
Specifically, equation (5) implies that, upon observing

¢(F2,Ax) < 1 < ¢(Fy, Ax + Ay),

the manager refrains from asset substitution to ensure the efficient contract,
and the associated rents p(a™ (Ax), Ax) > 0; otherwise the shareholders
will choose the under-investment contract and reduce the manager’s rents
to zero. For these values of ¢y, therefore, the second-period debt payment
induces efficient investment and compensation decisions. This result is
stated formally as Proposition 1.

Proposition 1. For first-period cash flow realizations satisfying ¢(F>, Ax)
< ¢ < ¢(Fr, Ax + Ay), the second-period debt level F, deters asset substi-
tution in the first period and produces the value-maximizing incentive con-
tract in the second period. For lower realizations, c¢; < ¢(Fa,Ax), the
shareholders pursue under-investment, a“=0, and for higher realizations,
¢1 > ¢ (Fo, Ax + Ay), the manager pursues asset substitution, Ay.

Proposition 1 illustrates that, for a particular range of first-period cash
flows, the second-period debt payment F, can control asset substitution
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without causing under-investment. The optimal capital structure exploits
this benefit, while accounting for the incentives associated with the
remaining realizations of ¢, as seen next.

. Optimal Capital Structure

The optimal capital structure in our model minimizes the expected cost of
the asset substitution and under-investment problems developed above.
As seen in Proposition 1, there is a set of cash flows for which the second-
period debt payment can deter both asset substitution and under-
investment at no cost, ie., ¢(F,Ax) < ¢ < ¢(F,Ax+ Ay). Since ¢
depends on F, as in Equation (4), the t = 0 debt choice determines which
realizations fall within this set. The optimal debt choice depends on the
size of this set relative to the set of possible realizations, i.e., on the size of
¢ = ¢(Fp, Ax + Ay) — ¢(F», Ax) relative to ¢ — ¢ (the boundaries of the
uniform distribution ¢; ~ unif|¢,¢]). We focus on the case where ¢ —
¢ > ¢, so that it is not possible to satisfy the condition in Proposition 1
for all realizations of ¢;—i.e., the case where asset substitution induces
under-investment only for a subset of first-period performance levels.”

With ¢ — ¢ > ¢ , the debt payment F, cannot induce value-maximizing
investment and compensation decisions for all realizations of ¢; because, if
the firm sets F> sufficiently low to ensure the efficient incentive contract for
all possible realizations of ¢;, such that ¢(F,, Ax) = ¢ , the manager will
invest opportunistically when the highest realizations obtain, i.e., when
c1>¢ + ¢, as in Proposition 1. Alternatively, if the firm sets F, sufficiently
high to avoid asset substitution for all ¢, ie., ¢(F>, Ax+ Ay) = ¢, the
shareholders will offer the under-investment contract when the lowest
realizations obtain, i.e., when ¢;<¢ — ¢ . The optimal choice of F, therefore
depends on the relative costs of asset substitution and under-investment.

The cost of asset substitution in our model is given by the increase in
contracting costs under the efficient compensation contract due to the
greater information asymmetry as in lemma 1, i.e., by

k(" (Ax + Ay), Ax + Ay) — k(a" (Ax), Ax).

Similarly, the cost of under-investment is the increase in contracting costs
that results when the shareholders offer the inefficient compensation con-
tract of lemma 3 rather than the efficient contract characterized by (1), i.e. by

(0, Ax) — k(a™ (Ax), Ax).
If ¢—c< ¢, an F2 satisfying ¢ +x" + y& + a® — 4(a™) - 2K(Ax + Ay) < F2 < ¢+ xb + )yt + 4B
—A(a"™) — 2K (Ax) produces efficient incentives for all realizations of c1. Note that the optimal F2

below satisfies this condition (i.e. the optimal choice of F2 when ¢ — ¢ > ¢ is also an optimal choice of F2
when ¢ —c<¢).
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As in lemma 3, the under-investment contract allows the shareholders
to induce the first best action when the high state is realized without
paying managerial rents, for either Ae = Ax or Ae = Ax + Ay. Thus, x(0,
Ax) = x(0, Ax + Ay), and since

(0, Ax) = k(0, Ax + Ap)>x(a™ (Ax + Ay), Ax + Ay),

asset substitution is less costly than under-investment in our model. That
is, the distortion in managerial actions due to the additional information
advantage Ay is less costly than the distortion in the shareholders’ com-
pensation design problem due to the complete disregard for managerial
actions in the low state, making the opportunistic managerial investment
choice less costly than bondholder wealth expropriation in our model.

Owing to the relatively high cost of under-investment, the optimal
capital structure specifies a relatively low debt payment that avoids
under-investment despite opportunistic asset substitution for the highest
realizations of ¢;. This result is presented formally as Proposition 2 (proof
in the appendix).

Proposition 2. The optimal debt level allows either under-investment for the
lowest realizations of c;, or asset substitution for the highest realizations.
Since asset substitution is less costly, the optimal debt level is set sufficiently
low to avoid under-investment. Specifically, the optimal debt level is chosen
such that ¢(Fy, Ax) = ¢ , which yields Fy = ¢+ x" + a"® — A4(a"®) — 2«
(" (Ax), Ax).

The optimal debt level in Proposition 2 is designed to make the share-
holders indifferent between the efficient and the under-investment com-
pensation contracts when the lowest value of ¢; is realized and the
manager makes the efficient investment choice. At the optimum, there-
fore, the debt level is risk-less (made with certainty). The debt level
optimally increases with the lower bound of the cash flow distribution ¢
and with the low investment payoff x", since both increase the share-
holders’ residual in the low state and therefore the incentive to offer the
efficient compensation contract. The debt level is particularly (twice as)
sensitive to the contracting costs, x(a" (Ax), Ax), because each component
reduces the shareholders’ residual under the efficient contract—a lower
value of a™ reduces efficiency and therefore the residual in the low state,
and a higher managerial rent reduces the residual in the high state.

The results in Proposition 2 illustrate that capital structure can increase
value in our model. If the firm issues no debt, the manager pursues asset
substitution for all realizations of ¢;, as in lemma 2. In contrast, the optimal
debt level in Proposition 2 deters asset substitution for ¢ < ¢} < +¢.
Higher debt levels are suboptimal because they substitute under-investment
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for asset substitution, and under-investment is more detrimental to firm
value. In short, the optimal capital structure trades off the manager—owner
and shareholder—bondholder agency conflicts to maximize firm value.

We relate the analysis to the empirical literature and discuss some
interesting extensions, in the next section.

. Empirical Implications and Extensions

This section presents the empirical implications of our analysis and dis-
cusses extensions relating to contractible variables and security design. The
empirical implications address the relationships between leverage, invest-
ment opportunities, compensation, and the firm’s cash flow position.

Investment opportunities are a major determinant of the firm’s optimal
leverage (defined as the market value of debt divided by the market value
of the firm). As discussed above, investment opportunities are character-
ized by the mean and dispersion of their payoffs. A higher mean corre-
sponds to a higher value of Ex (since, by definition, Ey = 0). Holding
dispersion constant, a higher Ex implies a higher payoff x in each state,
so that greater leverage is needed to deter opportunistic asset substitution.
In contrast, a mean preserving increase in dispersion Ax = x — x* implies
a higher payoff in the high state and a lower payoff in the low state. This
decreases the debt/value ratio for two reasons. First, the debt level
decreases with the payoff in the low state but is insensitive to the payoff
in the high state, whereas firm value incorporates the change in both
payoffs. Second, dispersion increases the manager’s information advan-
tage and therefore his rents under the efficient compensation scheme. This
exacerbates the shareholders’ incentive to offer the expropriating scheme
and avoid the rents at the bondholders’ expense. To offset this incentive,
the firm further reduces its leverage. These results are presented formally
in Proposition 3 (proven in the appendix).

Proposition 3. The firm’s t = 0 leverage increases with the expected payoff
of the investment opportunity, Ex, and decreases with the dispersion in

payoffs, Ax.

Empirical proxies for investment opportunities do not distinguish the
mean and dispersion of investment payoffs. The most common empirical
proxy is market-to-book, which incorporates simultaneous variation in
Ex and Ax. To illustrate the relationship between leverage and market-
to-book, therefore, we consider a simultaneous increase in mean and
dispersion—specifically, we consider increasing the scale of the investment
opportunity, which increases the mean and dispersion in proportion. As
suggested by Proposition 3, the effects on leverage and market-to-book
depend on the increase in the mean relative to the increase in dispersion and
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therefore on the magnitude of Ex relative to Ax. Increasing the scale of the
worst opportunities (i.e., those with the smallest Ex relative to Ax)
decreases firm value, because the additional contracting costs arising
from the increase in dispersion outweigh the increase in the expected pay-
off. Similarly, leverage decreases because the dispersion effect in Proposi-
tion 3 dominates. This produces a positive relationship between leverage
and market-to-book for firms with the worst (value-decreasing) investment
opportunities. For firms with value-increasing opportunities (i.e., those
with higher values of Ex relative to Ax), market-to-book increases
with the scale of the investment. The effect on leverage, however,
depends further on the relative value of Ex. In particular, for values
of Ex where the investment opportunity moderately increases value
“normal” investment opportunities), increasing the investment scale
decreases leverage because the debt level is highly sensitive to the addi-
tional contracting costs. This produces a negative correlation between
leverage and market-to-book. For the highest values of Ex relative to Ax
(i.e., exceptional opportunities that are highly successful even in the low
state), the mean effect in Proposition 3 dominates, so that leverage
increases, producing a positive correlation between leverage and
market-to-book. The model therefore implies a non-monotonic relation-
ship between leverage and market-to-book, as presented formally in
Proposition 4.

Proposition 4. Increasing the scale of the investment opportunity x pro-
duces a negative relationship between leverage and market-to-book for firms
with normal investment opportunities, and a positive relation between lever-
age and market-to-book for firms with exceptionally bad (value-decreasing)
or exceptionally good (certain success) opportunities.

The negative relationship for “normal” opportunities—i.e., opportunities
that neither decrease value nor are certain to be highly successful—
is consistent with the negative relationship between leverage and mar-
ket-to-book found by Titman and Wessels (1988), Barclay, Smith, and
Watts (1995), and Rajan and Zingales (1995). In addition, since excep-
tionally good (bad) opportunities are associated with exceptionally high
(low) market-to-book ratios, Proposition 4 suggests that a closer exam-
ination may reveal non-monotonicity in the tails of the market-to-book
distribution, such as that detected in the lower tail by Rajan and
Zingales (1995, note 32).

Next, consider the effect of investment opportunities on pay-for-
performance, defined here as the difference between the optimal compensation
in the high and low states, w'' — w". The effect is seen from the optimal
compensation levels implied by Equation (1),
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wh = 4(a"®) + p(a" (Ax))
= A(d™) + A(d" (Ax)) — A(a" (Ax) — Ax) and w" = A(a" (Ax)),

which yield pay-for-performance of w — wt = A4(a"™®) - A(aL*(Ax) — Ax).
Additional investment opportunities increase Ax and therefore pay-for-
performance, since

d(wt —wh) da"“
aw W) (%
dAx < X >>0’

where the sign follows because the optimal value of a” decreases in Ax as
above. Intuitively, investment opportunities increase the manager’s infor-
mation advantage, so that higher compensation must be offered to deter
mimicry in the high state (i.e., greater high state compensation is required
to satisfy the incentive compatibility constraint). The increase in pay-for-
performance is driven solely by the increase in dispersion and therefore
results for all opportunities. For value-increasing opportunities, there-
fore, the model predicts a positive relationship between pay-for-performance
and market-to-book, consistent with Smith and Watts (1992), Gaver and
Gaver (1993), Kole (1997), and Bryan, Hwang, and Lilien (2000). In
addition, when combined with the relationship between market-to-book
and leverage, pay-for-performance decreases with leverage for all but very
high market-to-book ratios, consistent with the negative relationship
found on average by Ortiz-Molina (2004).

Our analysis also predicts that leverage is related to the firm’s cash flow
position, as defined by both the r = 0 distribution and the 7 = 1 realization
of the cash flows from assets in place, ¢;. The mean and variance of the
uniform distribution for ¢; both affect the debt level chosen at ¢ = 0, since
both affect the lower bound ¢, which appears directly in the expression
for the debt level in Proposition 2. An increase in the mean shifts the cash
flow distribution right, increasing ¢. This increases the potential for
opportunistic asset substitution, so that the debt (and leverage) level
optimally increases with expected cash flow.!? In contrast, a mean pre-
serving spread decreases ¢, increasing the potential for under-investment,
so that leverage decreases with cash flow volatility (these results are
shown formally in the appendix). The negative relationship between

To our knowledge, the positive relationship between leverage and mean cash flows has not been directly
tested. To the extent that price proxies for expected cash flows, however, the relationship is consistent
with the positive announcement effects of leverage increasing transactions [Smith (1986)]. Similarly, to the
extent that industry classification proxies for expected cash flow, it is consistent with the finding of Long
and Malitz (1985) that firms in mature industries (cash cows) use more debt. A more direct examination
requires a mean cash flow variable, perhaps similar to the volatility variable in Bradley, Jarrell, and Kim
(1984).
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leverage and volatility is consistent with Bradley, Jarrell, and Kim’s
(1984) finding that cash flow volatility (measured by the standard devia-
tion of differenced earnings before interest, taxes, depreciation, and
amortization, EBITDA) reduces leverage.

The ¢t = 1 realization of cash flows also affects the firm’s leverage,
because higher realizations of ¢; increase firm value without changing the
debt level. The debt level is insensitive to ¢; for two reasons. First, as in
Proposition 1, the pre-set debt level dissuades asset substitution for all
realizations satisfying ¢ < ¢; < ¢+ ¢ , because the discrete increase in
variance would make the debt payment risky (causing the sharcholders to
offer the rent-minimizing compensation contract). Second, debt adjust-
ment is costly, reflecting our underlying assumption that debt contracts
are more costly to renegotiate than compensation contracts, so that debt
is not adjusted to dissuade opportunistic investment when ¢ + ¢ < ¢; < ¢.
The constant # = 1 debt level implies that higher realizations of ¢ increase
firm value without affecting the value of debt, decreasing the = 1 debt/
value ratio.'"

The negative effect of realized cash flow on leverage is consistent with
the negative relationship between leverage and profitability (EBITDA)
found by Barclay, Smith, and Watts (1995), Rajan and Zingales (1995),
Fama and French (2002), and Johnson (2003). These studies, however,
interpret this finding as evidence against free cash flow (or static trade-
off) theories of capital structure, in favor of the pecking order hypothesis.
Our analysis is more consistent with the free cash flow theories [Jensen
(1986), Zwiebel (1996)], in that ex ante debt commitments deter manage-
rial opportunism. While the optimal commitment is based on expected
cash flows, periods of non-adjustment produce the negative relationship
found in the data.'? Moreover, this relationship arises from the positive
effect of profitability on firm value, rather than the negative effect of
profitability on debt financing predicted by the pecking order hypothesis.
Together, therefore, our analysis helps reconcile the negative leverage—
profitability relationship, with the finding of Welch (2004) that this
relationship is driven by changes in firm value rather than debt, and the
recent finding of Leary and Roberts (2004) that specific financing choices
deviate from the pecking order.

Finally, our analysis can be directly extended to examine the effects of
contractible proxies for the firm’s cash flows and the firm’s optimal

There is a discontinuity in the relationship between firm value and realized cash flow in our model at
¢ = &(F>,Ax + Ay) = ¢+ ¢, where an increase in ¢; induces asset substitution and decreases value by ¢.
Overall, value is positively related to ¢; since ¢ increases value one-for-one (dv,/dc; = 1) at all other ¢;
and ¢ — ¢>¢ .

2 The negative relationship here is consistent with the simulation results of Strebulaev (2004), which

illustrate that even relatively small adjustment costs can produce leverage—profitability relationship
observed in the data.
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securities. If cash flows are directly contractible in our model, the firm can
design its capital structure to control both the under-investment and asset
substitution problems without cost (i.e., so that total contracting costs
remain (a" (Ax), Ax) for all ¢;). In particular, the debt contract can
specify a cash flow-contingent repayment, F>(c;), where

Fy(cr) — x% — a"™ + 4(a"™®) + 2x(a" (Ax),Ax) < ¢; < Fo(e)) — x& =yt —a™™®
+ A(a™®) 4 2x(a" (Ax + Ay), Ax + Ay).

This contingent repayment deters asset substitution and induces the
value-maximizing compensation contract for all realizations of ¢y, just
as in Proposition 1. Since the best that can be done in our model is to
ensure the low contracting cost x(a" (Ax), Ax), this debt contract would
be an optimal security.

In practice, however, it is prohibitively costly to contract on actual cash
flows, and contractible proxies for ¢;, such as accounting reports, are
employed. The effects of including such proxies in our analysis depend on
their reliability. For example, if accounting reports are perfect and cost-
less proxies for ¢y, the optimal security specifies a debt payment contin-
gent on accounting reports as in the preceding paragraph (since ¢
effectively becomes contractible). Alternatively, if accounting reports
are imperfect but still informative, accounting covenants can be employed
to reduce the cost of the incentive problems that remain in Proposition 2.
For example, an accounting covenant that is violated in the first period
can provide bondholders with the power to deter expropriation. The
benefit of accounting covenants can then be balanced against the costs
of unreliability, such as the unnecessary violations that result from
accounting imperfections. Finally, if accounting values are completely
unreliable (so that ¢ is effectively non-contractible as above), the stan-
dard debt contract considered above is an optimal security.

. Conclusions

The literature studying corporate incentive conflicts has typically focused
on shareholder-bondholder or manager—owner conflicts, paying rela-
tively little attention to the interactions between the two.'* Our article
presents a theory of capital structure based on these interactions, which
are derived from the primitive objectives of managers, shareholders, and
bondholders. In particular, we show that, when debt contracts are more
costly to renegotiate than managerial compensation contracts, the agency
conflict between shareholders and bondholders affects the shareholders’

“ See, for example, the conclusions of Allen and Winton (1995).
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compensation design problem and the ability to discipline managerial
opportunism.

Our analysis yields many interesting predictions, including that the
shareholder—bondholder conflict is the main concern when the firm is
performing poorly and the manager—owner conflict is the main con-
cern when the firm is doing well and that relatively low debt levels
minimize the costs of the potential agency conflicts. The value-maximizing
debt and compensation contracts provide additional insight into the empiri-
cal literature studying the interactions between capital structure, managerial
compensation, investment opportunities and cash flows.

There remain significant directions for future research. For exam-
ple, we focus on optimal capital structure in a setting where compen-
sation is designed to maximize shareholder wealth, implicitly assuming
a well functioning board. Another possibility is that managers influ-
ence the board (and therefore capital structure and compensation
decisions). With moderate managerial influence, the primitive objec-
tives and information structure here should produce similar interac-
tions between capital structure and compensation design. In the more
extreme case, however, where the manager effectively controls the
board (including the compensation committee), debt and compensa-
tion contracts would be designed to maximize managerial rents sub-
ject to the possibility of external discipline (e.g. a hostile takeover or
bankruptcy). This should produce results closer to those relying on
debt to discipline managers while abstracting from the role of com-
pensation contracts, such as Grossman and Hart (1982), Jensen (1986)
and Zweibel (1996).

Appendix

Proof of Proposition 2. Define ¢* = ¢(F>,Ax) and ¢ = ¢(F>,Ax+ Ay). When ¢ — ¢ > ¢¥ —
¢ = ¢, there are realizations of ¢ that are less than ¢* or greater than ¢”. From Proposition 1,
the former leads to under-investment at additional cost of UI = (0, Ax) — K(aL'(Ax), Ax), and
the latter leads to asset substitution at additional cost of AS = K(aL‘(Ax + Ay), Ax + Ay)
- K(aL‘(Ax), Ax). Letting g(c;) represent the density function for the uniform distribution of ¢,
the expected cost of the under-investment and asset substitution problems when ¢ — ¢>¢ is
therefore
EC(F,) = J Ulg(er)dey + JOg(cl)dcl + JASg(cl)dcl.

¢ ox &

Since Oc*/OF, = d¢’ JOF, =1 as in (4), OEC/0F, = Ulg(c*) — ASg(¢”). Since k(0, Ax) =
k(0, Ax + Ay),

UI — AS = k(0, Ax + Ay) — k(a" (Ax + Ay), Ax + Ay)>0.
Thus, the expected cost increases in F, for g(¢*) > 0, and F, is optimally reduced until

g(c)=c,or " =F —x"—a"® + A4(a"™) + 2x(a" (Ax),Ax) = c and F> = ¢+ x* +a"®
—A(a™®) — 2k(a" (Ax),Ax). W
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Proof of Proposition 3. Optimal leverage is given by the ¢ = 0 debt/value ratio, Ly = Fy/v.
The t = 0 value of debt is simply F>, since the interest rate is zero and, at the optimum, F, is
risk-less. The 7 = 0 market value is the expectation of 7 = 1 value in (2), which is conditional
on ¢;. Since ¢; ~ unif|c, ¢] and asset substitution occurs for ¢ + ¢ < ¢; < ¢, market value is

et

vo() = | [(e1 + Ex+a™ — A(a"®) — x(a" (Ax), Ax)) /Ac]dc,

+ J [(e1 + Ex +d"™® — A(a™) — k(a" (Ax + Ay), Ax + Ay)) /Ac]de,
cto
= Ec; + Ex +d™ — 4(a"™) - Ex(-),

where Ac = ¢ — ¢ and

Ex(-) = ((;5/Ac)lc(aLx (Ax),Ax) + (1 - <j)/A(f)ic(uLv (Ax + Ay),Ax + Ay)

is the expected contracting cost at # = 0.
(i) A ceteris paribus increase in Ex implies dEx = dx" so that dFy = dvy = dEx. Since
Fy < v, this implies dLo/dEx > 0.
(ii) A ceteris paribus increase in Ax yields
dFy  dx" _ 2dx(a" (Ax), Ax) < —2dx(d" (Ax), Ax)

dAx — dAx dAx dAx
and
dvy (2) dic(a" (Ax), Ax (1 B ﬂ) di(a“ (Ax + Ay), Ax + Ay)
dAx Ac dAx Ac dAx
dg\ (k@™ (Ax + Ay), Ax + Ay) — k(a" (Ax), Ax))
dAx Ac

Now 0<@/Ac and di(a"(Ax+ Ay),Ax + Ay) /dAy<di(a“ (Ax),Ax)/dAx imply
—(p/Ac)dr(d" (Ax),Ax)/dAx — (1 — ¢/Ac)di(a" (Ax + Ay),Ax + Ay/dAx> — di(a" (Ax),
Ax/dAx.

In addition,

( do ) (c(a" (Ax + Ay), Ax + Ay) — k(a" (Ax), Ax)) - —dx(a“ (Ax),Ax

dAx Ac dAx
since
A'(a“ (Ax + Ap) — Ax + Ay) = Sk(1/k — 2Ax — 2Ap) = .5(1 — 2kAx + dé/dAx)>0
implies
ddT@> — (1 = 2kAx) = =2(dx(a" (Ax), Ax) /dAx) (A1)
X
and

(k(a" (Ax + Ap), Ax + Ay) — k(a" (Ax), Ax)) /Ac
<5(2(k(a" (Ax + Ay), Ax + Ay) — k(a" (Ax),Ax)))/Ac<.5
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(since Y™ < 0). Thus, dvy/dAx> — 2dx(a“ (Ax),Ax) /dAx>dF /dAx and, since vy > Fy, L,
decreases with Ax (the absolute value of the percentage change in F> exceeds that in v). H

Proof of Proposition 4. Increasing the scale of the investment by A > 1 yields A\x €
{Ax™ Ax™}, increasing the mean to E[Ax] = .5Ax" + 5Ax™ = AEx, and the dispersion to
Mx = AxH —AxL. The optimal debt level from Proposition 2 becomes

Fo=F(\x,") = c+ X" +a™ — 4(a") — 2ic(a" (\Ax), MAx),
so that
AFy = (A= 1)xt = 2(k(a" (Mx), MAx) — (a" (Ax), Ax)).
Similarly, firm value becomes
vo(2x,) = Ec+ AEx +a"™® — 4(a"®) — Ex(\Ax, )
so that
Avy = (A — 1) Ex — (Ex(Mx, -) — Ex(Ax, -)),
where
Ex(Ax,-) = (0(Ax)/Ac)k(a" (MAX),2Ax) + (1 — d(Ax)/Ac)i(a™ (AAx + Ay), \MAx + Ay)
Now AF, < Av,, since x" < Ex and
Ex(Mx, ) — Ex(Ax, ) — (k(a" (\Ax), Mx) — x(a" (Ax), Ax))
= (1 = p(Ax)/Ac) (r(a" (AAX + Ap), MAx + Ay) — k(a" (\AX), MAx))
—(1 = 6(x)/Ac) (1c(a" (Ax + Ay), Ax + Ay) — k(a* (Ax), Ax)) <0
which follows because « is concave in Ax (i.e. d?x(a" (Ax),Ax)/dAx* = —54"<0), so that

K(a“ (AAX + Ap), Mx + Ay) — k(a" (AAx), Mx)
<x(a" (Ax + Ay), Ax + Ay) — k(" (Ax), Ax) ’

and because ¢ is decreasing in Ax as in (Al), so that ¢(Ax)<¢(x).

Thus, for 0<Ex<(Ex(Mx, ) — Ex(Ax,-))/(A — 1), we have AF, < Avy < 0 which implies
that both leverage and market-to-book decrease.

For Ex(MX,-) — Ex(Ax,)(A — 1)<Ex<(i(a" (AAx), \Ax) — r(a" (Ax), Ax) + .5x)/
(A= 1), we have AF, < 0 < Ay so leverage decreases while market-to-book increases.

For Ex>(i(a" (AMx), Mx) — k(a" (Ax),Ax) + .5x7) /(A = 1), we have Avy > AFy > 0
so that the effect on leverage depends on the percentage changes. For the smallest Ex in this
range, AF, is very small so that the percentage change in value dominates and leverage
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decreases. For larger Ex, the mean effect in Proposition 3 dominates, so that leverage
increases with market-to-book. H

Proof that a ceteris paribus increase in the mean Ec, increases leverage. An increase in Ec;
holding Ac constant increases ¢ by the same amount, so that F, and v, increase by the same
amount. Since vy > F>, the percentage change in F; is greater so that L, increases. W

Proof that a ceteris paribus increase in Ac = ¢ — ¢ decreases leverage. A mean preserving
increase in Ac implies d¢/dAc = —dc/dAc = .5, so that

dF [dAc = (dF /dc)(dc/dAc) = 1(—.5) = —.5.
Substituting ¢ = Z(K(aL* (Ax + Ay),Ax + Ay) —K (aL‘ (Ax), Ax)) — yL into v, yields

vo(-) = Ex + a"™ — 4(a"™®) + Ec — k(a" (Ax + Ay), Ax + Ay) + (¢/Ac) (¢ + y*) /2

so that
dvo/dAc = —(6/AP) (6 +y5) /2 = = 5(¢* + &y") /AP> — 5

since ¢ < Ac and y& < 0. Thus, the absolute value of the percentage change in F» exceeds that
in vy, and leverage increases. M

References
Aghion, P., M. Dewatripont, and J. Tirole, 1994, “Renegotiation Design with Unverifiable Information,”
Econometrica, 62, 257-282.

Allen, F., and A. Winton, 1995, “Corporate Financial Structure, Incentives and Optimal Contracting,” in
Jarrow, et al. (eds), Handbooks in Operations Research and Managerial Science, Vol. 9, Elsevier Science,

Amsterdam.

Barclay, M., C. Smith, and R. Watts, 1995, “The Determinants of Corporate Leverage and Dividend
Policies,” Journal of Applied Corporate Finance, 4-19.

Baron, D., and R. Myerson, 1982, “Regulating a Monopolist With Unknown Costs,” Econometrica, 50,
911-930.

Berkovitch, E., R. Israel, and Y. Spiegel, 2000, “Managerial Compensation and Capital Structure,”
Journal of Economics and Management Science, 9, 549-584.

Bradley, M., G. Jarrell, and E. Kim, 1984, “On the Existence of Optimal Capital Structure: Theory and
Evidence,” Journal of Finance, 39, 857-878.

Bryan, S., L. Hwang, and S. Lilien, 2000, “CEO Stock-Based Compensation: An Empirical Analysis of
Incentive-Intensity, Relative Mix, and Economic Determinants,” Journal of Business, 73, 661-693.

Chang, C., 1993, “Payout Policy, Capital Structure and Compensation Contracts When Managers Value
Control,” Review of Financial Studies, 6, 911-934.

Dewatripont, M., and J. Tirole, 1994, “A Theory of Debt and Equity: Diversity of Securities and
Manager-Shareholder Congruence,” Quarterly Journal of Economics, 109, 1027-1054.

Douglas, A., 2002, “Capital Structure and the Control of Managerial Incentives,” Journal of Corporate
Finance, 8, 287-311.

630



Capital Structure, Compensation and Incentives

Dow, J., and C. Raposo, 2003, “Active Agents, Passive Principals: Does High-Powered CEO Compensa-
tion Really Improve Incentives?” Working Paper, London School of Business.

Dybvig, P., and J. Zender, 1991, “Capital Structure and Dividend Irrelevance with Asymmetric Informa-
tion,” Review of Financial Studies, 4, 201-219.

Fama, E. F., and K. R. French, 2002, “Testing Trade-Off and Pecking Order Predictions About
Dividends and Debt,” The Review of Financial Studies, 15, 1-33.

Fama, E., and M. Miller, 1972, The Theory of Finance, Holt, Rinehart and Winston, New York.

Fluck, Z., 1998, “Optimal Financial Contracting: Debt Versus Outside Equity,” Review of Financial
Studies, 11, 383-418.

Gaver, J., and K. Gaver, 1993, “Additional Evidence on the Association Between the Investment
Opportunity Set and Corporate Financing, Dividend, and Compensation Policies,” Journal of Accounting
and Economics, 16, 125-160.

Gorton, G., and J. Kahn, 2000, “The Design of Bank Loan Contracts,” Review of Financial Studies, 13,
331-364.

Grossman, S., and O. Hart, 1982, “Corporate Financial Structure and Managerial Incentives, in
J. McCall (ed.), The Economics of Information and Uncertainly, University of Chicago Press, Chicago,
107-137.

Jensen, M., 1986, “Agency Costs of Free Cash Flow, Corporate Finance, and Takeovers,” American
Economic Review, 76, 323-329.

Jensen, M., 1993, “The Modern Industrial Revolution, Exit and the Failure of Internal Control Systems,”
Journal of Finance, 48, 831-880.

Jensen, M., and W. Meckling, 1976, “Theory of the Firm: Managerial Behavior, Agency Costs and
Ownership Structure,” Journal of Financial Economics, 3, 305-360.

John, T., and K. John, 1993, “Top-Management Compensation and Capital Structure,” Journal of
Finance, 48, 949-974.

Johnson, S., 2003, “Debt Maturity and the Effects of Growth Opportunities and Liquidity Risk on
Leverage,” Review of Financial Studies, 16, 209-236.

Kofman, F., and J. Lawarree, 1993, “Collusion in Hierarchical Agency, Econometrica, 61, 629-656.
Kole, S., 1997, “The Complexity of Compensation Contracts,” Journal of Financial Economics, 43, 79-104.

Laffont, J., and J. Tirole, 1986, “Using Cost Observation to Regulate Firms,” Journal of Political
Economy, 94, 614-641.

Leary, M., and M. Roberts, 2004, “Financial Slack and Tests of the Pecking Order’s Financing Hier-
archy,” Working Paper, Fuqua School of Business, Duke University.

Long, M., and I. Malitz, 1985, “The Investment-Financing Nexus: Some Empirical Evidence,” Midland
Corporate Finance Journal 3, 53-59.

Maskin, E., and J. Riley, 1984, “Monopoly with Incomplete Information,” Rand Journal of Economics,
15, 171-196.

Myers, S., 1977, “Determinants of Corporate Borrowing,” Journal of Financial Economics, 147-176.
Myers, S., 2000, “Outside Equity,” Journal of Finance, 55, 1005-1038.

Ortiz-Molina, H., 2004, “Does Capital Structure Matter in Setting CEO Pay?” Working Paper, Uni-
versity of British Columbia, Canada.

Persons, J., 1994, “Renegotiation and the Impossibility of Optimal Investment,” Review of Financial
Studies, 7, 419-449.

631



The Review of Financial Studies | v 19 n 2 2006

Rajan, R., and L. Zingales, 1995, ‘What Do We Know About Capital Structure? Some Evidence from
International Data, Journal of Finance, 50, 1421-1460.

Smith, C., and R. Watts, 1992, “The Investment Opportunity Set and Corporate Financing, Dividend,
and Compensation Policies, Journal of Financial Economics, 32, 263-292.

Strebulaev, 1., 2004, “Do Tests of Capital Structure Theory Mean What They Say?” Working Paper,
London Business School.

Stulz, R., 1990, “Managerial Discretion and Optimal Financing Policies,” Journal of Financial Economics,
22, 3-28.

Titman, S., and R. Wessels, 1988, “The Determinants of Capital Structure Choice,” Journal of Finance,
43, 1-19.

Townsend, R., 1979, “Optimal Contracts and Competitive Markets With Costly State Verification,”
Journal of Economic Theory, 21, 265-293.

Welch, 1., 2004, “Capital Structure and Stock Returns,” Journal of Political Economy, 112, 106-132.

Zwiebel, J., 1996, “Dynamic Capital Structure Under Managerial Entrenchment,” American Economic
Review, 86, 1197-1215.

632



Copyright of Review of Financial Studies is the property of Society for Financial Studies and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.



