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ABSTRACT

We develop a dynamic structural model of the firm that allows us to carefully

analyze the value of alternative financing strategies. We first illustrate the benefits

of joint versus separate optimization of dynamic financing and investment policies.

We then examine the impact on firm value of investment and financing distortions

due to financial agency conflicts, and highlight the compounding of these two dis-

tortions in a fully dynamic setting. We show that simple debt contract covenants

designed to restrict financing or investment behavior can decrease agency costs

quite effectively. We also investigate the performance of various simple financing

policy heuristics. We find that these heuristics fail to capture the full value of

debt financing, even though the resulting leverage distributions may appear sim-

ilar to those of optimized financing policies. Generally, our results suggest that

firm values can be quite sensitive to the exact specification of financing policies in

a dynamic setting.
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Introduction

The study of corporate financing policies has gradually evolved from a static perspec-

tive of explaining the cross-sectional variation of leverage towards a dynamic analysis

of changes in debt financing over time. Various dynamic financing strategies, reflecting

different levels of complexity, have been suggested to explain the patterns observed in

practice. Some studies report evidence consistent with managers being fairly passive

in managing capital structure, responding to changes in leverage infrequently and re-

versing leverage trends only in response to large shocks in profitability or other factors

common to the industry or economy.1 Other research supports the view that managers

only address capital structure issues when funding a financing deficit, and appear to

follow simple myopic pecking order rules.2 More sophisticated strategies have also been

analyzed, including dynamic policies designed to maximize the present value of net debt

tax shields in the presence of numerous frictions, or financing policies that time the

issuance of different securities based on managers’ perceptions of market inefficiencies.3

Empirical data is being examined in increasingly more sophisticated ways in order to

evaluate these various theories of dynamic capital structure. At the same time, evidence

from recent surveys of CFOs reveals that executives have a tendency to follow prac-

tical, informal rules when setting capital structure, focusing on maintaining financial

flexibility and a desired credit rating, rather than carefully optimizing their financing

strategies to maximize the benefits of debt financing in the face of various market fric-

tions.4 Taken together, the evidence we have on financing behavior does not clearly point

to a consistent strategy followed by all firms, nor a sense that firms are necessarily pursu-

ing sophisticated optimized strategies. This begs the important question of whether the

1Welch (2004) concludes that market leverage ratios fluctuate primarily due to movements in equity
values, and that debt levels are not actively managed. In contrast, Alti (2003), Fama and French (2002),
Flannery and Rangan (2006), Faulkender and Smith (2008), Kayhan and Titman (2007), Kurshev and
Strebulaev (2006), Leary and Roberts (2005), Lemmon, Roberts, and Zender (2007), and Strebulaev
(2007) present varying evidence regarding reversion of leverage ratios back to a static or moving target.

2See, for example, Shyam-Sunder and Myers (1999) and Frank and Goyal (2003).
3Fischer, Heinkel, and Zechner (1989), Leary and Roberts (2005), Hennessy and Whited (2005),

Gamba and Triantis (2008), Hennessy and Whited (2007), Moyen (2004), Strebulaev (2007), Titman
and Tsyplakov (2007), Tserlukevich (2006) and Tsyplakov (2007) provide dynamic financing models
based on maximizing the value of debt tax shields net of bankruptcy, tax and other transaction costs.
Baker and Wurgler (2002) and Yang (2007) present evidence to support the existence of market timing
strategies.

4Graham and Harvey (2001) survey American CFOs, while Bancel and Mittoo (2004) and Brounen,
de Jong, and Koedijk (2004) survey European CFOs.
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value impact of following different financing strategies, particularly ones that appear too

simple or suboptimal, is all that large. This valuation issue seems central to motivating

a careful study of firms’ financing policies, since if values are relatively insensitive to the

precise nature of the strategies employed, then recommending particular strategies may

not be all that consequential. Yet, this issue appears to be relatively unexplored in the

capital structure literature.

We develop a model that allows us to carefully measure the value implications of

various financing strategies in a setting which is “fully” dynamic in the sense that both

investment and financing can be adjusted over time. While simpler multi-period models

in discrete-time are useful for gaining insights into dynamic policies, they are not as

appropriate for estimating value impacts of dynamic decision making. Our model struc-

ture is similar in many ways to Hennessy and Whited (2007), but we allow for infinite

horizon debt subject to issuance costs as well as for partially reversible capital, both of

which impact the nature and consequences of debt and capital adjustments over time.

Furthermore, we develop variants of this optimization model that allow us to examine

the value effects of specific types of deviations from a fully optimized corporate financing

strategy.

We first examine the magnitude of the value enhancement attributable to debt fi-

nancing in our fully dynamic setting. We show that only part of this value (roughly

half based on our assumptions) comes from the direct benefit of overlaying an opti-

mally designed financing policy on top of an investment policy that is optimized for an

unlevered firm. The other significant portion of the value from debt financing comes

indirectly by adapting the investment policy to reflect the presence of debt financing.

This result underscores the importance of jointly optimizing dynamic investment and

financing policies to extract maximum benefit from debt financing.

We next carefully quantify the impact of investment and financing distortions due

to financial agency problems. The current literature on measuring agency costs (e.g.,

Childs, Mauer, and Ott (2005) and Moyen (2007)) has focused on the value loss asso-

ciated with investment distortions in the presence of debt financing. We reevaluate the

loss due to investment distortions when financing is dynamic. We also examine the dis-

tortions directly attributable to the dynamic financing policy, namely that shareholders

increase and decrease debt levels less frequently and are more likely to default compared

to the first-best financing policy. We find that these financing distortions can decrease
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firm value more than the agency costs tied to investment distortions. We also show that

investment and financing distortions have a compounding effect that further raises the

magnitude of the total agency costs.5

Given that covenants are often designed into debt contracts to help mitigate these

agency problems, we investigate the extent to which such covenants can be successful

at reducing agency costs. Recent research on debt covenant violations by Bradley and

Roberts (2004), Chava and Roberts (2007), and Roberts and Sufi (2007) indicates that

these covenants allow creditors to influence the firm’s investment and financing policies

when these policies are most likely to cause serious agency problems. We find that simple

covenants, such as an upper bound on the firm’s book leverage or a restriction on asset

sales, can significantly reduce agency costs. Our approach thus provides a mechanism

to gauge the relative efficacy of covenants designed to mitigate agency problems.

We also examine the performance of various simple financing heuristics, such as a

rule whereby the firm adjusts its leverage to a particular target only when leverage falls

outside of a specified range. We find that such heuristics fail to capture much of the po-

tential value associated with debt financing, and in some cases can even lead to a lower

firm value than having no debt at all. We explore various factors that might explain

the poor performance of such heuristics, and find that both the forced movements to

particular preset targets, as well as the prescribed inactivity within the leverage bounds,

significantly reduce the net benefits that debt financing could provide. Generally, our

results suggest that firm values can be quite sensitive to the exact specification of the

financing policy, and that even if the financing policy results in distributions of lever-

age and debt changes that are not too dissimilar to those from optimized policies, the

differential impact on firm value can still be quite significant.6

The next section presents the general setting of our model, and then develops the

different specifications of the general model required to obtain our results, including full,

5Sundaresan and Wang (2006) carefully delineate the different potential agency problems when
investment and financing occur at multiple dates, but do not attempt to value agency costs in a fully
dynamic model.

6Chang and Dasgupta (2006) highlight that debt financing patterns in practice might be erroneously
interpreted as being driven by complex dynamic financing strategies, yet simple randomized strategies
produce similar empirical results regarding leverage distributions. While we draw a similar conclusion
from our analysis of heuristic rules, we take this observation a step further by showing that financing
strategies that produce similar distributions of leverage may yet result in significantly different firm
values.
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partial, and constrained optimization models, as well as a heuristic model. Section II

provides results regarding the direct and indirect value associated with debt financing,

the measurement of agency costs, the effectiveness of covenants in reducing agency costs,

and the performance of various heuristics. Section III concludes the paper.

I. The Model

A. Economic and Financial Setting

We model investment and financing decisions in an infinite-horizon discrete-time dy-

namic and stochastic framework. The control variables are the book value of assets in

place, k, and the face value of outstanding debt, b.

The productivity, θ, of the firm’s capital stock is uncertain. We assume that θ follows

the process

log θt+1 = ρ log θt + εt+1, εt+1 ∼ N(0, σ), |ρ| < 1 (1)

under the risk–neutral probability.

The operating cash flow before taxes (EBITDA), π(k, θ), depends upon both the

book value of assets, k > 0, and the productivity, θ:

π(k, θ) = θkα − F. (2)

π exhibits decreasing returns to scale (α < 1), and F is a fixed cost.

We assume that capital is homogeneous and that it depreciates both economically

and for accounting purposes at a constant rate δ > 0. The company’s debt consists of

risky callable consol bonds of equal priority with face value b ≥ 0 and a coupon rate

equal to the risk free rate r (coupon income to debtholders is net of personal taxes at

the rate τb, where 0 ≤ τb < 1). The Earnings Before Taxes (EBT) is equal to the firm

EBITDA minus depreciation and interest:

y(k, b, θ) = π(k, θ)− δk − rb. (3)
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The corporate tax function, denoted g, is a convex function of EBT (to model a limited

loss offset provision): g(y) = yτ+
c if y ≥ 0 and g(y) = yτ−c if y < 0, where τ+

c and τ−c are

the marginal corporate tax rates for positive and negative earnings, respectively, with

0 ≤ τ−c ≤ τ+
c < 1.

At any date, the firm can decide to invest or disinvest to reach a new level of assets

k′.7 If there is positive investment, then the cost is represented by k′ − (1 − δ)k and

investment can be financed either with internal funds, such as current cash flows or cash

balances, or with external funds, i.e., debt or equity. On the contrary, if the firm decides

to disinvest, the cash inflow is `((1− δ)k − k′), with ` < 1 denoting a liquidation price.

For notational convenience, for a general capital stock variation, ξ, we define the fuction

χ(ξ, `) as χ(ξ, `) = ξ if ξ ≥ 0, and χ(ξ, `) = ξ` if ξ < 0.

The firm may also decide at any time to increase or reduce its debt to a new level b′ for

the next period. Any variation of debt from b to b′ entails a direct cost, q(b′, b) = q|b′−b|,
where q ≥ 0. When the debt level is changed, all the outstanding debt is called at par

and new debt is issued at the market value, in order that all debtholders retain equal

seniority and preserve the rights of the current debtholders if the firm increases its debt

level. Thus, there is also an indirect debt restructuring cost equal to the difference

between the market value and the face value of debt.

At a given date, after observing θ and the resulting cash flow, the new level of capital

k′, and the new level of debt b′, are chosen. Investment and financing decisions can be

made with no restriction as long as the firm is not in financial distress or in a state of

default.

We assume that financial distress takes place when the after-tax operating cash flow

is lower than the coupon payment, rb > π(k, θ) − g(k, b, θ). In this case, the firm sells

the minimum amount of capital, at a discount s, to make the promised payment to

debtholders. In contrast, the default occurs at a θ value which shareholders select to

maximize the value of their equity given the option created by limited liability. In the

event of default, assuming proportional bankruptcy costs γ (0 ≤ γ < 1), debtholders

receive the recovery rate (1 − γ) times the minimum of the unlevered market value of

assets (defined below) and the face value of debt.

7We assume that investment instantaneously increases the productive capacity of the firm. In con-
trast, Tsyplakov (2007) examines the effect of the time-to-build characteristic of capital in certain
industries, and shows that this can affect dynamic capital structure choices.
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Based on the assumptions above, the residual cash flow to equityholders when the

firm is solvent, in state (k, b, θ), and for a decision (k′, b′) when b′ 6= b, is

cfe(k, b, k′, b′, θ) =

max {π(k, θ)− g(y(k, b, θ))− rb, 0}+ (D(k′, b′, θ)− b) I(b′)− q(b′, b)

− χ
(
k′ − k(1− δ) + max

{
rb+ g(y(k, b, θ))− π(k, θ)

s
, 0

}
, `

)
, (4)

where D(k′, b′, θ) is the market price of newly issued debt, if the firm is solvent, consid-

ering that the new book value of assets is k′, and the new book value of debt is b′, and

I(·) is the indicator function for the event b 6= b′.

Taxes on cash flow to equityholders are levied at a constant rate 0 ≤ τe < 1. If the

optimal residual cash flow for equityholders is negative, then funds are raised by issuing

new equity, and a proportional flotation cost λ (0 < λ < 1) is incurred. Thus, when the

firm is solvent, the net cash flow to equity holders is

e(k, b, k′, b′, θ) =

cfe · (1− τe) if cfe ≥ 0

cfe · (1 + λ) if cfe < 0.
(5)

B. Optimization

We now set up the valuation of the firm (and its corporate securities) under different

optimization conditions. In Section B.1, we model the cases where the investment and

financing decisions are made to maximize either the value of equity (second best) or the

total firm value (first best) in an unconstrained environment. In Section B.2, we impose

constraints due to debt covenant restrictions into the second-best optimization problem.

In Section B.3, we present a partial optimization model where the first-best investment

or financing policy is imposed, and the other policy is determined to maximize equity

value.
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B.1. Equity and Firm Value Maximization

We first examine equity value maximization, i.e., “second-best” optimality. The value

of equity at state (k, b, θ), E(k, b, θ), is the fixed point of the Bellman operator

E(k, b, θ) = max

{
max
(k′,b′)

{e(k, b, k′, b′, θ) + βEk,b,θ [E(k′, b′, θ′)]} , 0
}
, (6)

where θ′ is the future state, and the expectation is computed with respect to the risk-

neutral probability, conditional on the current state of the firm. β < 1 is the discount

factor for equity flows.8

The optimal policy at (k, b, θ) is

(k∗, b∗) = arg max
(k′,b′)

{e(k, b, k′, b′, θ) + βEk,b,θ [E(k′, b′, θ′)]} ,

as long as the resulting equity value from this policy is not negative. Otherwise, the

equityholders default on servicing debt and surrender the firm to debtholders. We define

∆S to be the indicator function of the default event for the second best problem. When

default occurs, the firm’s depreciated assets are unchanged, i.e., k∗ = k(1− δ), but the

firm becomes unlevered (the former bondholders take over as the new equityholders).

Hence, at (k, b, θ) the optimal policy from the equityholders’ program is

ϕS(k, b, θ) = (k∗, b∗)
(
1−∆S(k, b, θ)

)
+ (k(1− δ), 0)∆S(k, b, θ), (7)

with ϕS(k, b, θ) ∈ R2.

8The discount factor for equity is β = (1 + re(1− τe))−1, with re denoting the certainty equivalent
rate of return on equity flows. Note that in a Miller equilibrium, re = r(1 − τb)/(1 − τe), where τb is
the personal tax on debt income. From this equilibrium condition, the discount factor for bond flows is
β = (1 + r(1− τb))−1, i.e., it is equal to the one used to discount equity flows. See Sick (1990) for this
specification.
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To determine the current (ex-coupon) market value of debt if the firm is solvent,

D(k, b, θ), we first define B(k, b, θ, ϕS) as the value to debtholders at (k, b, θ) when the

firm’s decision, (kS, bS) = ϕS(k, b, θ), is made:

B(k, b, θ, ϕS) =(
1−∆S(k, b, θ)

) (
rb(1− τb) +D(kS, bS, θ)

(
1− I(bS)

)
+ bI(bS)

)
+ ∆S(k, b, θ)(1− γ) min {E(k(1− δ), 0, θ), b} , (8)

where 1 − γ is the recovery rate on the unlevered firm value E(k(1 − δ), 0, θ), and I(·)
is the indicator function for the event b 6= b′. Hence,

D(k, b, θ) = βEk,b,θ

[
B(kS, bS, θ′, ϕS)

]
. (9)

We now turn to set up the first best solution, where investment and financing policies

are selected to maximize total firm value rather than equity value. The value of the firm

is V = E +B. The Bellman equation for V , when the firm is solvent, is

V (k, b, θ) = max
(k′,b′)

{e(k, b, k′, b′, θ) + βEk,b,θ [E(k′, b′, θ′)]

+rb(1− τb) +D(k′, b′, θ′) (1− I(b′)) + bI(b′)} . (10)

The value of the equity given the maximand (k∗, b∗) from (10) is

E(k, b, θ) = e(k, b, k∗, b∗, θ) + βEk,b,θ [E(k∗, b∗, θ′)] . (11)

If E is strictly positive, then (k∗, b∗) is the optimal solution. Otherwise, the firm is in

default: the optimal decision is (k(1− δ), 0), and the value of equity is set to zero (and

the default indicator for the first best problem, ∆F (k, b, θ), is set equal to one).

To summarize, the optimal policy for the first best case, ϕF , can still be represented

as in (7), but for possibly different (k∗, b∗) and ∆F , given the different optimization goal.

The value of debt is again found by applying equation (9) using the optimal policy ϕF

in place of ϕS: D(k, b, θ) = βEk,b,θ

[
B(kF , bF , θ′, ϕF )

]
.
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B.2. Constrained Optimization

To analyze the impact of covenants on firm value, we need to also consider the case of

a constrained second-best optimization problem. We impose two different restrictions,

one that sets a maximum book leverage ratio, and the other that does not permit

disinvestment.

For the first covenant case, the firm solves the equity value maximization problem,

given by equations (6) and (9), with the restriction that the (new) book leverage, b′/k′,

must be no higher than a specified level, Lu. Given the current state (k, b, θ), the set

of feasible pairs (k′, b′) is denoted Al(k, b, θ), so that the optimal policy if the firm is

solvent is

(k∗, b∗) = arg max(k′,b′)∈Al(k,b,θ) {e(k, b, k′, b′, θ) + βEk,b,θ [E(k′, b′, θ′)]} .

Note that as a consequence of the constraint on leverage, the optimal policy function,

denoted ϕS,l, and the related default indicator ∆S,l, are different from ϕS and ∆S.

A special case of this specification is where Lu = 0, i.e., the firm is restricted to stay

unlevered (b = 0 and b′ = 0). Given the absence of debt, this problem is also equivalent

to the first-best optimization with b = 0, and we denote the optimal policy for this

zero-debt case as ϕZ .

For the second covenant case, we consider a firm which maximizes equity value with

the restriction that the firm cannot disinvest, so that the new capital stock after each

decision can not be lower than the depreciated capital, i.e. k′ ≥ k(1 − δ). The set of

feasible decisions is denoted Ad(k, b, θ), and the optimal policy if the firm is solvent is

(k∗, b∗) = arg max(k′,b′)∈Ad(k,b,θ) {e(k, b, k′, b′, θ) + βEk,b,θ [E(k′, b′, θ′)]} .

We denote the optimal policy as ϕS,d and the related default indicator as ∆S,d.

In the above two cases, given ϕS,l and ϕS,d, the value of debt is found by applying

equation (9) using the respective optimal policy in place of ϕS.
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B.3. Partial Optimization

In order to isolate several valuation effects, we also analyze partial optimization prob-

lems where either the investment or financing policy is pre-specified according to some

previously determined optimal policy, and the other policy is then selected to maximize

either firm or equity value. More precisely, given ϕi, with i = F, S, Z as defined in Sec-

tions B.1 and B.2, we can take the investment policy,9 ki = (ϕi)1, and maximize either

the firm value or the equity value with respect to the financing policy. The resulting

policy is defined as:

ϕi,j(i)(k, b, θ) = (k(1− δ), 0)∆i,j(i)(k, b, θ) + (ki, bj(i))
(
1−∆i,j(i)(k, b, θ)

)
(12)

where j = F if financing is selected to maximize firm value, based on the Bellman

operator

bj(i) = arg max
b′

{
e(k, b, ki, b′, θ) + βE

[
E(ki, b′, θ′)

]
+rb(1− τb) +D(ki, b′, θ′) (1− I(b′)) + bI(b′)

}
;

or j = S if financing is selected to maximize equity value, based on the Bellman operator

bj(i) = arg max
b′

{
e(k, b, ki, b′, θ) + βE

[
E(ki, b′, θ′)

]}
.

∆i,j(i) is the indicator function of E ≤ 0 at (ki, bj(i)).

To illustrate, a possible specification of the above policy can be ϕF,S(F ): the first-

best investment policy has been imposed, and the financing decision is then selected

to maximize equity value, conditional on the first best investment (hence the notation

S(F ) for the financing policy).

An analogous model specification arises when the financing policy (ϕi)2 is pre-

specified, and the investment policy is determined to maximize firm or equity value.

An example of this case is ϕS(F ),F : the investment policy is chosen to maximize the

equity value (j = S), conditional on the first best financing policy (i = F ).10

9We use (v)n to denote the n-th component of a vector v.
10The notation in this section also encompasses the case where either i or j is equal to Z. When

j = i, ϕi,j(i) = ϕj(i),i = ϕi is just either the firm (i = F ) or equity (i = S) value maximization case in
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C. Heuristics

We now define the valuation problem for the situation where the financing strategy is

determined by a rule of thumb rather than by the maximization of either total firm

value or equity value. Since we are now in a setting where simple heuristic rules are

being used for the financing decision, it seems inconsistent to assume that the firm

would yet be so careful as to jointly determine its investment decisions together with

the financing policy. Rather, we assume that the firm optimizes its investment policy to

maximize unlevered firm value since it is common in practice that the investment policy

is separately determined (we also look at the case where the investment policy from the

first-best case is used for a robustness check).

We assume that equityholders use a simple decision rule to control either the book

leverage (h = L) or quasi-market leverage (h = M). While the capital structure and

investment decisions are effectively made at the same date, we technically assume that

the financing decision is made right after the investment decision if the firm is solvent.

In the case where the optimal investment decision, together with the capital structure

decision, does not yield a positive value for equity, the firm defaults, leaving the capital

at the current level k(1− δ), and becoming unlevered after paying the bankruptcy costs.

A heuristic decision rule for capital structure can be expressed as a function of the

current state, (k, b, θ), and of the investment decision, kj = (ϕj)1, where kj can be

either from the constrained unlevered specification (j = Z) or the first best (j = F ).

For convenience, we denote it bh = fh(k, b, θ, kj), with h = L,M .

The first rule of thumb we consider is based on keeping the book leverage L, defined

as debt face value over book value of assets, within the region Ld ≤ L ≤ Lu, where

Ld and Lu are the lower and upper bounds of the region. Specifically, at (k, b, θ), and

given the chosen new investment level kj, j = F,Z, if the debt level is such that the

book leverage based upon the new investment level, denoted by L = b/kj, is within this

region, then the debt level is left unaltered: bh = b. If instead either L > Lu or L < Ld,

Section B.1. Two additional cases (Z,L-Con.Opt and Z,L-Con.Opt-2B) introduced later in the paper
also belong to the class of problems in Sections B.2 and B.3.
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then bh is chosen so that the book leverage is equal to a given target book leverage Lt

(Ld ≤ Lt ≤ Lu), i.e., bh/kj = Lt. To summarize, the rule of thumb function is

fL(k, b, θ, kj) =

b if Ld ≤ b
kj ≤ Lu

kjLt otherwise,
(13)

for j = F,Z.11

The second rule of thumb is similar to the first, but based on quasi-market leverage

(debt face value over the sum of debt face value and market value of equity) rather than

book leverage. At (k, b, θ), given kj, j = F,Z, we denote the quasi-market leverage

at the new level of capital stock as M = b/(b + E(kj, b, θ)). If Md ≤ M ≤ Mu, then

the debt level must remain unchanged, i.e., bh = b. Otherwise, bh is chosen so that

bh/(bh + E(kj, bh, θ)) = Mt (Md ≤ Mt ≤ Mu). Note that b
b+E(kj ,b,θ)

= Mt uniquely

defines b̂ = b̂(kj, θ), because the value of equity is a strictly decreasing function of b,

so that the left–hand–side of the above equation is strictly increasing in b. The rule of

thumb function (for j = F,Z) is thus

fM(k, b, θ, kj) =

b if Md ≤ b
b+E(kj ,b,θ)

≤Mu

b̂(kj, θ) otherwise.
(14)

Given kj, j = F,Z, and bh = fh(k, b, θ, kj), with h = L,M , the value of equity

and debt are determined as the fixed point of a system of non-linear equations like

(9) and (11). The application of the rule of thumb may entail both a direct and an

indirect transaction cost to change the capital structure and to adapt the production

capacity. When the state and/or capital is low and the debt is high, equityholders

may find it unprofitable to bear the costs related to the implementation of (kj, bh),

because the equity value in (11) is zero or negative. In this case, they default and the

unlevered firm is given to debtholders, net of bankruptcy costs. This means that the

policy (kj, bh) cannot be implemented and in its place we have (k(1− δ), 0). Hence, the

actual investment and financing policy when a rule of thumb is used is

ϕj,h(k, b, θ) = (k(1− δ), 0)∆j,h(k, b, θ) + (kj, bh)
(
1−∆j,h(k, b, θ)

)
, (15)

11We also later introduce a slightly different heuristic, denoted Z,L-2B, where the target is equal to
the closest boundary of the inactivity region, i.e., where Lt = Ld if b/kj < Ld and Lt = Lu if b/kj > Lu.
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where ∆j,h is the default indicator function related to ϕj,h.

So, to find the value of the corporate securities under the application of a heuristic

capital structure decision, we have to find the fixed point of the system

E(k, b, θ) = e(k, b, kj,h, bj,h, θ) + βEk,b,θ

[
E(kj,h, bj,h, θ′)

]
D(k, b, , θ) = βEk,b,θ

[
B(kj,h, bj,h, θ′, ϕj,h)

]
,

(16)

where the function B is defined in (8), and (kj,h, bj,h) = ϕj,h(k, b, θ) from the policy

function in (15).

Table I summarizes the specific cases of the different optimizations described above

which we solve and discuss in the next section.

II. Results

A. Direct and Indirect Effects of Financing on Firm Value

We first analyze the value contribution attributable to debt financing by examining three

different cases: 1) the zero-debt case, Z, where the firm optimizes its investment policy

to maximize firm value; 2) the Z,F(Z) case where the firm uses the optimal unlevered

investment policy found in Z, and then optimizes its financing policy conditional on this

investment policy, i.e., F(Z), to maximize firm value; and 3) the first-best case, F, where

both investment and financing policies are jointly optimized to maximize firm value.

Figure 1 shows the firm values in the first two cases (Z and Z,F(Z)) as a percentage of

the first-best (F) value, across a range of values for the underlying stochastic profitability

variable, θ, assuming the firm starts with an intermediate value of capital and an initial

debt level of zero.12 The firm valuations are based on the parameter values shown in

Table II, which are similar (or equivalent) to those used in other dynamic financing and

investment papers (e.g. Gamba and Triantis (2008)).

12Using the intermediate value of capital allows us to capture a steady-state representation of the
firm in terms of capital in place. The zero debt level enables us to measure the value of debt financing
relative to the zero debt case.
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By benchmarking against the first-best value, we highlight the value that may be

lost by not following the best policy that jointly optimizes investment and financing.

Comparing Z to the first-best case, the value gained from having debt financing is ap-

proximately 3.5-6% of the value of the unlevered firm, depending on the level of current

profitability as captured by θ.13 This reflects the present value of the corporate inter-

est tax shields and lower issuance costs of debt financing relative to equity, net of the

effects of personal taxes, bankruptcy costs and the direct and indirect costs associated

with changing debt over time. Given the number of factors affecting the value of debt

financing and their complex interaction, the value attributable to debt financing is dif-

ficult to accurately quantify absent a dynamic model such as the one we develop. Note

that debt financing has a larger percentage contribution to value when θ is lower. This

effect is due to the fact that the unlevered firm value declines significantly when current

profitability is very low, while the present value attributable to the net benefits of future

debt financing drops by a relatively lower percentage.14

The intermediate case Z,F(Z) shows that if the firm follows the optimal unlevered

investment policy, and then selects a dynamic debt policy to maximize firm value, only

part (between one third to two-thirds for most θ) of the value of debt financing is

captured. The residual value attributable to debt financing comes from the firm altering

its investment policy given that it can finance investment with debt rather than just

equity, and can take further advantage of the net benefits of debt. This highlights that

there is both a direct and indirect benefit to debt financing, and to realize the full value

potential of debt financing, the firm must jointly optimize its investment and financing

policies.

B. Agency Costs due to Investment and Financing Distortions

We now examine the loss in firm value due to investment and financing distortions that

emerge from shareholder-bondholder agency conflicts. We calculate the values for three

second-best cases where either investment, financing, or both are selected to maximize

13For values of θ at or above the median, the net value of debt financing is approximately 4% of
asset value, which is consistent with the recent empirical finding in van Binsbergen, Graham, and Yang
(2007).

14The dips in percentage value for the Z and Z,F(Z) cases relative to F also reflects that while value
increases monotonically with θ for all cases, it does so at different rates for the different cases.
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shareholder value, rather than firm value. The second-best case (denoted by S) captures

the total agency costs due to shareholder-bondholder conflicts since both investment and

financing policies are jointly optimized to maximize shareholder value. We isolate the

part of the agency costs due solely to investment distortions by designing an intermediate

second-best case where the first-best financing policy is used, but the investment policy

is selected to optimize shareholder value. This case is denoted by S(F),F, signifying that

the investment policy is second best conditional on the first best financing, i.e. S(F),

while the financing policy is equivalent to that in the first-best case (F). Similarly, in

the case F,S(F), we isolate the effects of financing distortions by using the first-best

investment policy (from F), but selecting the financing policy to optimize shareholder

value conditional on following the first-best investment policy.

For each of these three cases, as well as the zero-debt case which we provide again as

a baseline, Figure 2 shows the resulting firm value as a percentage of the first-best firm

value benchmark as in Figure 1, again looking across a range of θ values, and assuming

the firm starts with an intermediate value of capital and a debt level of zero.15 While

agency costs are larger when there is a pre-existing higher debt level, the zero initial

debt level seems to be particularly appropriate when benchmarking against the zero-

debt case. We will later examine the entire distribution of firm value levels to ensure

that our results are not specific to particular nodes in the state space.

As discussed previously in the context of Figure 1, the curve for the zero debt case

(Z) relative to the first-best case indicates that having access to debt financing, and

dynamically optimizing it together with the investment policy in order to maximize

firm value, increases firm value around 3.5%-6% relative to an all-equity financed firm.

However, if the financing and investment policies are selected to maximize shareholder

value rather than firm value, a significant portion of the value potential of debt financing

will not be captured. For instance, at the median θ value of one, the second-best (S)

value is at approximately 97% of the first-best value, indicating that agency costs are

about 3% of first-best value and thus erase almost three-quarters of the potential value

from debt financing.

15In all figures (except Figure 4, where we plot distributions), we assume an intermediate value of
capital of 8.53, which is the median capital level for the S, Z, and Z,F(Z) benchmark cases (based on
the simulations we perform).
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Agency costs result from distortions to both investment and financing policies in

our fully dynamic framework. Debt overhang causes underinvestment in new capital

relative to the first-best case, as well as excessive disinvestment in low states. This

agency problem has been studied by Childs, Mauer, and Ott (2005), Moyen (2007) and

others by assuming a first-best financing policy (or the simpler case of a static optimal

capital structure) and examining the difference between employing a first-best versus

second-best investment policy. Our S(F),F case captures exactly this agency problem of

investment, and we find a value loss of approximately .5%-1.5%.

Our framework also allows us to capture in a similar way the effects of distortions to

the financing policy due to agency conflicts. Such agency costs stem from shareholders

avoiding debt repurchases in low profitability states, thus being more prone to allow

the firm to slip into default, and also from being reticent to issue additional debt in

high profitability states. Analogous to the way in which we captured the agency costs

associated with investment distortions, we examine the case F,S(F) where the first-best

investment policy (from F) is followed, while the financing policy is optimized by share-

holders conditional on the pre-selected first-best investment policy. The corresponding

curve in Figure 2 shows that the cost associated with financing distortions is 50-100%

larger than the magnitude of the cost associated with investment distortions based on

our input assumptions. This suggests that agency costs due to financing distortions may

be even more important to consider than those associated with investment distortions,

despite the fact that they have been relatively overlooked in the literature, largely since

most agency models do not capture the dynamic evolution of financing.

Note that the loss in value in the second-best case is not a simple sum of the value

losses from each of the two constrained second-best cases where only either investment or

financing is distorted. Rather, there appears to be a considerable compounding effect of

these agency problems. Both investment and financing agency problems are anticipated

by creditors and are priced into debt contracts, and in turn reduce the incentive to issue

additional debt over time and make it quite costly to buy back debt at par. In fact, as

we shall see later, the firm takes on much less debt in the second-best case relative to

the first-best case. The resulting effect on firm value is that the contribution from debt

financing is quite low.
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C. The Impact of Covenants on Firm Value

Covenants are typically included in debt agreements to prevent the types of agency prob-

lems that lead to the value loss examined above. We study the impact on firm value of

imposing two common covenants. The first covenant requires that the firm maintains

a book leverage ratio below a specified upper bound. In practice, this might be alter-

natively framed as a minimum net worth constraint.16 Roberts and Sufi (2007) provide

evidence that firms decrease net debt issuing activity following a financing covenant vi-

olation, indicating that there is a mechanism in place to prevent increases in debt, or to

counter the unwillingness to decrease debt, when the firm is highly leveraged.

The second covenant we examine constrains the firm from disinvesting. In other

words, the maximum rate of decrease in the capital level is the depreciation rate. This

prevents shareholders from liquidating the firm’s assets, particularly as the firm ap-

proaches default, in order to pay themselves large dividends. In practice, it is common

to find covenants restricting the ability to divest assets without bondholder approval, as

well as covenants that prevent the payment of liquidating dividends. This absolute re-

striction on disinvestment might be unnecessarily strict in that it restricts the firm from

reducing the capital level in bad times even if there is little debt and bondholders might

support the decision to sell capital. However, we frame the covenant in this simple way

to show that even though there may be some value loss attributable to the restriction,

there is nonetheless a very significant net increase in value (i.e., we are understating the

reduction in agency costs from preventing investment distortions).

Figure 3 shows the firm values corresponding to the second-best case (S), as well as

to the second-best case constrained by each of the two covenants, as a percentage of the

first-best firm value across a range of θ values, again assuming an initial intermediate

value of capital and a zero debt level. The presence of either covenant increases firm

value. The covenant that places an upper bound of .55 on book leverage eliminates at

least two-thirds of the value loss attributable to agency costs.17 It does so not only

by preventing the firm from following a financing policy that allows the firm to drift

16We have also examined a minimum coverage ratio (EBITDA/interest) covenant, which yields similar
results since this metric is highly correlated with book leverage in our model.

17We use an upper bound of .55 for illustrative purposes; it does not necessarily represent an optimized
covenant. This upper bound, though, is empirically plausible if investors want to ensure that the debt
remains within the investment-grade range of debt ratings.
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into default in low states, but also by indirectly restricting shareholders from selling off

capital, which would otherwise result in too high of a book leverage ratio. Thus, this

financing covenant is particularly effective in our setting. The covenant which directly

prevents disinvestment also decreases agency costs, though rather less effectively than

the covenant that bounds the leverage ratio. As mentioned above, this could be due to

restricting asset sales that might increase firm value in some circumstances.

While Figure 3 shows the firm value results for a particular starting point of capital

and leverage, we also find similar results by examining the distribution of firm values

based on a Monte Carlo simulation with 10,000 replications along 50-year time paths

of state variables, where the firm visits different capital-leverage nodes through time.

The percentiles of these distributions are shown in Table III, based on using the same

state variable paths in each of the cases examined. The constrained maximum leverage

covenant case delivers values that are close to the first-best case, while the no disinvest-

ment covenant case leads to values that are only somewhat above the second-best case,

consistent with our findings in Figure 3.

The impact of covenants on the firm’s financing decisions can also be seen more

directly in Figure 4 by examining the distribution of the firm’s book leverage for the

different cases shown in Figure 3 (based on running the same 10,000 sample paths for 50

time steps in each case). In the first-best case, an aggressive debt policy can be pursued

since debt holders know that when there is a negative shock to profitability, leverage will

usually be reduced by the firm in order to prevent costly default. In contrast, under eq-

uity value maximization, investors will value debt at a significant discount endogenizing

shareholders’ incentives to distort investment and financing policies, and thus share-

holders will only be willing to issue a very moderate amount of debt. However, when

the covenant that constrains leverage is introduced, the optimal leverage increases, and

despite the upper bound of .55 imposed on the book leverage distribution, the average

leverage is very close to the average for the first-best case. In contrast, the leverage for

the case where the covenant constrains the ability to sell capital is significantly lower,

closer to the second-best case. Since agency problems in the restricted disinvestment

case are only moderately abated, the agency costs still result in significantly reduced

incentives to increase debt financing, as in the second-best case.

Finally, we examine the distribution of debt level changes (as a percentage of the

current firm value) in Table IV. The last column shows the probability of positive or
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negative debt changes. These probabilities indicate that the firm manages its debt level

most actively (about 60% of the time) in the first-best case, and much less actively in

the second-best case, as expected. Note that under the maximum leverage covenant,

the firm decreases its debt more frequently than under the second-best case (19% of

the time versus 12%), and with larger magnitude of changes (the percentile changes

shown are conditional on the change in debt being either positive or negative). This is

consistent with the ability of this covenant to control agency costs and to allow the firm

to dynamically manage its capital structure in order to capture greater value from debt

financing.18

D. The Performance of Financing Heuristics

We now examine the value impact of using heuristic, rather than optimized, financing

policies. Figures 5 and 6 illustrate the performance of a simple heuristic rule based on

managing the firm’s book leverage. We focus on book leverage given that this is a key

metric that rating agencies – and thus firms – appear to focus on when managing their

leverage (another important metric is interest coverage, but in our model this is closely

correlated to book leverage).19 The rule specifies that the firm maintains its current

debt level if the book leverage is between .35 and .55, and otherwise rebalances the debt

level to a target book leverage of .45. The upper and lower bounds for the band of

acceptable leverage are chosen consistent with a range of empirical book leverage ratios

for firms with lower investment grade ratings, which tends to be a sweet spot that many

firms target.20 We will later examine the effect of using heuristics that are based on

alternative leverage bounds and target policies.

18In unreported results, we find that debt reduction in the second best case happens for θ values
around .75. When θ > 1, debt reduction doesn’t occur because the firm is doing well. When θ
is significantly below 1, debt reduction doesn’t occur because the firm is doing very poorly and the
indirect cost to restructuring debt (due to buying it back at par) is too high. For intermediate θ values,
the equityholders find it optimal to reduce debt to avoid triggering financial distress. Note that in the
absence of a financial distress condition, there will never be any debt reduction in the second best case,
as pointed out in Dangl and Zechner (2004).

19We have replicated our results using heuristics based on Debt/EBITDA and interest coverage ratios,
and they yield virtually identical results. We also have examined heuristics based on market leverage,
which we report later in this section.

20This range is roughly in line with the 25th and 75th percentiles of the distribution of book leverage
for BBB rated firms during 1997-2006, where book leverage is calculated as long-term and short-term
debt divided by long-term and short-term debt plus book shareholders’ equity. Using the statistics in
Table I of Kisgen (2006) (for 1986-2001), the upper bound of 55% is approximately the median book
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The graphs shown in Figures 5 and 6 differ based on the assumptions made regarding

the investment policy. It seems conceptually inconsistent to assume that a firm would

follow a simple heuristic rule to determine its financing policy, and yet would carefully

optimize its investment policy conditional on this financing policy. Instead, we assume

that the firm follows a prespecified (exogenous) investment policy.21 In Figure 5, we

assume that the firm uses the unlevered investment policy, i.e., it optimizes its investment

decisions assuming equity financing, and then uses a simple financing rule to obtain

benefits from debt financing.22 In Figure 6, we assume alternatively that the first-best

investment policy is used, in order to provide a robustness check.

Examining Figure 5 more carefully, the three curves represent the percentage of first-

best value (conditional on using the optimal unlevered investment policy, i.e., the case

Z,F(Z)) for the following three cases: the all-equity financing (Z) case; the case where

the financing policy is selected to optimize shareholder value (Z, S(Z)); and the case

where the financing heuristic described above is used (Z,L). The zero-debt case is again

a useful benchmark in that it shows the percentage value loss from having no access

to debt financing, and thus the potential gain from introducing debt financing given a

particular investment policy. The first-best financing policy adds 2-3% to the value of

the firm, consistent with what we saw in Figure 1. The second-best financing policy

captures only about half of this potential additional value from debt financing, and

much less when the state variable is low and little or no debt is issued by shareholders.

The heuristic financing policy performs rather poorly, contributing only a fraction of

the value enhancement from debt when firm profitability is high. For values of θ below

1.5, the heuristic actually begins to destroy value. In other words, the firm is better off

having no debt whatsoever, rather than having a naively managed debt policy.

Before analyzing the shortcomings of the heuristic policy more carefully, we note

that Figure 6 shows that when the first-best investment policy is used, the heuristic

financing policy (F,L) seems to provide some value relative to the all-equity case (F,Z),

leverage for BB rated debt, while a debt level of 35% would be more consistent with a highly rated AA
bond, which is a less populated region for corporate bonds.

21It is quite possible that firms use heuristic rules when making investment decisions as well. Mc-
Donald (2000) investigates investment policy heuristics, and finds that they may lead to a reasonable
approximation to first-best value (in an unlevered setting). We do not simultaneously pursue the issue
of investment heuristics here, since our objective is to focus solely on the effect of employing financing
heuristics.

22Most real options models that have been developed to guide normative investment decision making
in a dynamic setting explicitly or implicitly assume all-equity financing.
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but yet is still far inferior to second-best (F,S(F)) or first-best financing strategies (F).

The value gap for the zero-debt case (F,Z) ranges from 10% for high θ levels to 25% for

low levels of θ. This is much larger than the gap between Z and F shown in Figure 1

since the zero-debt case here is based on the first-best investment policy rather than

the investment policy that is optimized for no debt financing. The higher capital levels

of the first-best case require the firm to access costly equity financing since no debt

financing is available.

The heuristic financing policy is able to capture only some of the potential value

gain from debt financing in the higher θ cases, and as we saw in Figure 5, it might even

destroy value relative to an unlevered firm. There are various suboptimalities associated

with the heuristic financing policy, which combined are apparently quite costly. First,

the heuristic may be leading the firm to releverage at low and high debt levels more

often than it should, leading to the frequent payment of direct issuance costs of debt

and equity, as well as bearing the indirect cost of covering the discount on debt when

the firm repurchases debt at par. Second, the heuristic might lead to a higher incidence

of default (despite the presence of an upper bound on leverage) and thus debt would sell

at a greater discount, which in turn increases the indirect cost associated with forced

financial restructurings, since debt is repurchased at its par value. Third, it is possible

that the firm should be rebalancing its capital structure more often within the leverage

bounds, rather than simply following a policy of inertia in this region as the heuristic

specifies. Fourth, the firm always releverages back to a single target leverage ratio, which

is unlikely to be optimal given that it does not take into account the existing leverage

ratio (e.g. whether the leverage is above the upper bound or below the lower bound).

We investigate these four possible explanations in turn.

The first possible explanation for the poor performance of our heuristic policy is that

it forces the firm to rebalance its debt either too frequently or too much, thus generating

significant losses due to transaction costs. To see whether this is indeed true, we examine

the changes in debt that result from the heuristic financing policy relative to changes in

the first-best and second-best dynamic financing policies. The last column in Table V

shows that the heuristic (either F,L or Z,L) results in much less frequent debt changes

(for the same underlying simulation paths), which is consistent with the relatively large

region of inertia between the upper and lower leverage bounds. However, when a debt
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change does takes place, the magnitude of the change is much larger than in the first-best

case (particularly for extreme movements).

To see whether the effect of less frequent, but larger, movements in debt could lead to

larger transaction costs for heuristics relative to optimal financing strategies, and thus

poorer performance, we compare the performance of the heuristic with and without

issuance costs. Figure 7 shows the value of the Z,L heuristic relative to the first-best

financing strategy Z,F(Z) (this percentage curve denoted by Z,L), as well as the same

ratio when there are no debt or equity issuance costs (the percentage curve when there

are zero costs is denoted by Z,L-ZC). The curves are very similar to each other for higher

θ values, but there is a slight improvement for lower θ values when there are no issuance

costs. This implies that the issuance costs do not appear to explain much of the poor

performance of the heuristic, particularly for higher θ values. We also find later that

a heuristic which nudges the leverage ratio back to the closest boundary (rather than

a single internal target) when it exits the bounds does not perform much better, even

though the magnitude of debt changes are significantly reduced.

In addition to direct financing issuance costs, the firm also bears the indirect cost

associated with the discount on debt when the firm restructures its debt. Despite the

upper bound imposed by the heuristic, we find that the default incidence is higher in

the case where the heuristic is imposed than in either the first-best or second-best cases.

Presumably there are cases where shareholders would find it preferable to default on the

debt rather than to repurchase debt (at par) in order to bring the leverage ratio back

into the acceptable range. Put differently, given that we don’t allow the firm the option

of having speculative grade debt, the firm may occasionally simply default on its debt

obligations. If this were to explain the poor performance of the heuristic (particularly

when θ is low), then eliminating the deadweight costs associated with default, and thus

reducing the significant discount on the value of debt, might markedly improve the

performance of the heuristic relative to the first-best case. The curve labeled Z,L-ZBC

in Figure 7 examines this possibility. For low θ values there does appear to be some

improvement, but overall default costs appear to have a limited ability to explain the

poor performance of the heuristic.

The remaining explanations for the poor performance of the heuristic concern the

ways in which the heuristic limits the ability of the firm to fine tune its financing policy.

The simple heuristic we have presented does not allow the firm to optimize its financing
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policy when the leverage lies within the acceptable leverage bounds. Furthermore, if the

leverage exits these bounds, it forces the leverage back to a specific interior target rather

than allowing the firm to pick the best target within the bounds.

In Figure 8, we examine the effects of relaxing these restrictions. The curve labeled

Z,L-Con.Opt.-2B allows the firm to change its debt level if it is within the acceptable

leverage bounds (in order to maximize firm value), but if the current debt level would

result in a leverage ratio outside of the acceptable bounds, it forces the leverage to

the closest boundary (.35 on the low side and .55 on the high side). This constrained

optimization results in a much higher firm value for θ values higher than the median level

of one, and mitigates a substantial portion of the loss even for lower θ values. This implies

that a key reason why the heuristic we have posed does not perform well is that fine

tuning the capital structure even close to the optimal value can create significant value.

The Z,L-Con.Opt. case further releases the restrictions of the heuristic by allowing the

firm to select an optimal target within the bounds if it were to otherwise exit the bounds,

rather than being forced to a specific target. This additional flexibility also somewhat

improves firm value. Thus, the simplistic nature of the heuristic which restricts the firm

from refining its leverage, and forces it to a specific leverage ratio regardless of other

conditions, significantly reduces the value which could be gained from debt financing.

This is particularly true when the state variable is low and the firm is forced to either

stay within the acceptable leverage band or to default.

Since it is hard to precisely specify the heuristic rules that firms may use (and presum-

ably they vary widely across firms), we examine a few alternative heuristic specifications

that all share the characteristic of being simple to implement (i.e., they should not reflect

the type of complex constrained optimization strategies examined in Figure 8). There

are several different dimensions in which the heuristic could be modified, but we focus

on three: selecting different bounds for the leverage region, choosing alternative targets,

and using alternative metrics. In Figure 9, we examine the following four specific alter-

natives to the standard heuristic (Z,L), which is also shown for purposes of comparison:

i) Z,L-L uses the base case bounds (.35,.55), but has a target leverage equal to the lower

bound of .35, rather than the mid-point of the leverage range; ii) Z,L-2B has the same

base case bounds, but if the leverage were to end up below the lower bound, the debt

level is adjusted so as to go back to the lower bound, while if the leverage were to end

up above the upper bound, the debt level is reset to get to the leverage ratio of .55 (i.e.
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the target is the closest boundary of the acceptable leverage range); iii) Z,M, where the

quasi-market leverage must be maintained between a lower bound of .10 and an upper

bound of .30, and the target quasi-market leverage is .20; and iv) Z,L-MM, where the

bounds are selected based on the upper and lower five percentile points of the first-best

book leverage distribution (lower bound = .22 and upper bound = .61), and the tar-

get (.55) was determined based on an optimization that matches the first and second

moments of the resulting book leverage distribution most closely to the moments of the

first-best book leverage distribution (the Z,F(Z) case). In all cases, the values are shown

as a percentage of the first-best value under the optimal unlevered investment policy

(Z,F(Z)).

There is some variation in the performance of the heuristics. In terms of picking a

better target than the middle of the range, it appears that moving back to the closest

bound (Z,L-2B) does not do as well as targeting the middle of the leverage range.

While the issuance cost for debt and equity is variable, there is an implicit fixed cost

due to repurchasing all debt at par value when a restructuring occurs, and thus just

pushing leverage back to the edge of the bounds results in an increase in the frequency

of recapitalizations and the associated deadweight costs. The heuristic performs better if

the firm always targets the lower bound of the leverage range (Z,L-L). This is particularly

true when θ is low, which is precisely where a more conservative debt policy may help to

avoid default and thus decrease the discount on debt that creates the large indirect cost to

issuing debt and recapitalizing over time. Likewise, it appears that the specific heuristic

we examine based on quasi-market leverage (Z,M) may also lead to a somewhat more

conservative debt policy and thus higher firm value. Yet, even these improved heuristics

still result in significant value loss, and perform worse than the second-best financing

policy (Z,S(Z)) shown in Figure 5.

Finally, note that the heuristic whose bounds are based on the top and bottom 5

percentile points of the first-best (Z,F(Z)) book leverage distribution, and whose target

is selected to match the first two moments of this distribution most closely, leads to

lower firm values than most other heuristics. This indicates that financing policies that

produce similar distributions of leverage ratios may still result in quite different firm

values (even with identical investment policies). The first-best financing policy is much

more subtle than a simple heuristic, and, specifically, is less likely to lead to default.

More generally, this raises the issue of whether empirical studies that focus on leverage
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distributions can tell us much about the value impact of different financing strategies,

particularly since the financing policy as the firm approaches default is rarely observed.

III. Conclusions

In this paper, we provide a framework to measure the effect of different financing strate-

gies on firm value. We first examine direct and indirect effects of debt financing on firm

value, and show that jointly optimizing financing and investment policies significantly

increases firm value relative to separately optimizing these policies. We then measure

the impact of agency problems on firm value. Our results extend the current literature

on quantifying agency costs in that we separate the effects of both financing and invest-

ment distortions in a framework that allows for dynamic rebalancing of debt levels. We

find that shareholders increase and decrease debt levels less frequently, and are more

likely to default, as compared to the first-best optimal financing policy. We show that

the impact of financing distortions is quite significant, and that investment and financ-

ing distortions tend to have a compounding effect on reducing firm value. Relatively

simple covenants included in debt agreements can mitigate these agency problems, and

we measure the reduction in agency costs due to the presence of such covenants.

We also examine the performance of various financing heuristics. Despite the fact

that these simple rules can provide leverage distributions that are similar to those from

optimized financing strategies, their performance from a value perspective varies signif-

icantly and can be quite poor in many cases. Our intention overall, however, is not to

provide a conclusive verdict on whether rules of thumb can capture most of the potential

value associated with financing, but rather to provide an approach to more rigorously

assess alternative financing strategies, and to illustrate that the design of financial strate-

gies can in fact have a significant impact on firm value. Further research along these

lines needs to push along two dimensions. First, more sophisticated heuristics should be

developed that are likely to be descriptively more accurate in terms of what managers

are doing in practice, or, more importantly, superior from a normative perspective. Sec-

ond, it is important that the optimal model that serves as the benchmark incorporates

as many realistic features as possible in order to properly evaluate the performance of

alternative strategies.
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A. Numerical solution

In Section I, we introduced the valuation problem for equity and debt, given all the firm

policies introduced in Sections I.B, and I.C. Here we describe how we solve the problem

using a numerical approach.

The general structure of the problem is as follows. Given a stationary policy function

ϕ, the state transition function is (k′, b′, θ′) = ψ(k, b, θ) = (ϕ(k, b, θ), θ′).

From equations (8) and (9), the value of debt is

D(k, b, θ) = βEk,b,θ

[(
1−∆S(k, b, θ)

)]
rb(1− τb)+

βEk,b,θ

[(
1−∆S(k, b, θ)

) (
1− I(bS)

)
D(kS, bS, θ)

]
+

βEk,b,θ

[(
1−∆S(k, b, θ)

)
I(bS)

]
b+

βEk,b,θ

[
∆S(k, b, θ) min {(1− γ)E(k(1− δ), 0, θ), b}

]
(17)

where the first line is the value of the future after-tax coupon payment, the second line

is the value of debt at the future date if the debt level is not changed, the third line is

the value of the debt repayment when debt is changed, and the fourth line is the value

of the recovery payoff in the case of default.

By denoting the payment d(k, b, θ) = rb(1 − τb) + I(bS)b and the recovery payoff

R(k, b, θ) = min {(1− γ)E(k(1− δ), 0, θ), b}, the value of the securities is the fixed point

of the system of equations

E = eψ + βEψE

D = βEψ

((
1−∆S

)
d+ ∆SR

)
+ βEψ

(
1−∆S

)
(1− I)D(ϕ),

(18)

where Eψ [·] denotes the Markov transition operator of ψ, and D(ϕ) is the value of debt

after the new policy is adopted at the end of next year.

It should be noted that, given ψ, while the first equation in (18) is linear in the

unknown function E, the second equation is generally non-linear because the unknown

function D must be determined at ϕ. This makes the problem of finding the solution for

the second equation much more difficult than for the first equation. If the debt contract

matures at the end of each period, as in Cooley and Quadrini (2001), Hennessy and
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Whited (2007) and Moyen (2007), the last term would vanish because I ≡ 1, and the

second equation would become

D = βEψ

((
1−∆S

)
d+ ∆SR

)
,

which is computed in closed form once we know ψ. As a consequence, the solution is

easily found when debt has a one-period maturity.

In the long-term debt case of the system of equations in (18), the solution is found

numerically by a discrete state-space method based on modified policy iteration, as

proposed by Puterman and Shin (1978). The Gauss-Hermite quadrature method is used

to approximate the dynamics of θ with a finite state Markov chain. We discretize the

state variable k and b by setting the upper and lower bound for capital, ku and kd

respectively, and the upper and lower bounds for debt, bu and bd respectively, in a way

that they are never binding for the optimization problem. We solve the model using 27

points for θ, 27 points for k, and 37 points for b.
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Symbol Description
F firm value maximizing (first best) investment and financing
S equity value maximizing (second best) investment and financing
Z optimal unlevered investment, zero debt
S(F),F second best investment conditional on first best financing
F,S(F) second best financing conditional on first best investment
S,l second best investment and financing, with constrained leverage
S,d second best investment and financing, with no disinvestment
Z,F(Z) first best financing conditional on optimal unlevered investment
Z,S(Z) second best financing conditional on optimal unlevered investment
F,Z first best investment, zero debt
F,L first best investment, book leverage heuristic
Z,L optimal unlevered investment, book leverage heuristic
Z,L-ZC as in “Z,L”, with zero transaction costs
Z,L-BZC as in “Z,L”, with zero bankruptcy costs
Z,L-Con.Opt. unlevered investment, optimized leverage lies between Ld and Lu
Z,L-Con.Opt.-2B as in Z,L-Con.Opt, but Lt = Ld if below Ld, and Lt = Lu if above Lu
Z,L-L as in “Z,L”, with Lt = Ld
Z,L-2B as in “Z,L”, with Lt = Ld if below Ld, and Lt = Lu if above Lu
Z,L-MM as in “Z,L”, with Ld = .23, Lu = .65 and Lt = .55
Z,M optimal unlevered investment, quasi-market leverage heuristic

Table I: Notation for the Different Investment and Financing Policy Cases
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ρ persistence of state variable 0.80
σ annual volatility of state variable 0.20
r annual risk-free borrowing rate 5%
τe personal tax rate on equity cash flows 15%
τb personal tax rate on bond coupons 22%
τ+
c corporate tax rate for positive earnings 40%
τ−c corporate tax rate for negative earnings 20%
α production return-to-scale parameter 0.48
δ annual depreciation rate 0.10
F fixed production cost 1.34
s fire-sale discount for asset sales 0.45
` liquidation price for disinvestment 0.65
γ proportional bankruptcy costs 0.60
λ variable flotation cost for equity 0.05
q variable issuance cost for debt 0.01
Ld lower bound for book leverage heuristic 0.35
Lu upper bound for book leverage heuristic 0.55
Md lower bound for quasi-market leverage heuristic 0.10
Mu upper bound for quasi-market leverage heuristic 0.30

Table II: Base Case Parameter Values



percentile 5 25 50 75 95
F 5.52 8.97 12.11 15.55 20.20
S,l 5.80 8.89 11.55 15.29 20.09
S,d 4.73 8.17 10.91 14.08 18.81
S 4.80 8.05 10.67 13.91 18.44
Z 4.55 7.69 10.06 13.07 17.97

Table III: Percentile Points for Firm Value Distributions. The table presents the firm
value percentiles for the first-best (F), second-best (S), maximum book leverage covenant (S,l),
no disinvestment covenant (S,d), and unlevered (Z) cases. The distributions are obtained from
using in each case the same simulated panel of 50 years’ observations of 10, 000 Monte Carlo
replications of the base case firm. The base case parameters shown in Table II are used. The
sample is obtained by a Monte Carlo simulation of θ and the application of the optimal policy
ϕ, for the five cases listed above. The optimal policy is obtained from the numerical solution
of the model using 27 points for θ, 27 points for k, and 37 points for b.

percentile 5 25 50 75 95 Prob.
F (> 0) 0.02 0.03 0.07 0.13 0.26 0.24
F (< 0) 0.09 0.08 0.06 0.03 0.02 0.35
S (> 0) 0.02 0.03 0.04 0.09 0.20 0.13
S (< 0) 0.08 0.06 0.04 0.03 0.02 0.12
S,l (> 0) 0.02 0.03 0.08 0.16 0.24 0.14
S,l (< 0) 0.10 0.08 0.06 0.04 0.02 0.19
S,d (> 0) 0.01 0.02 0.05 0.10 0.23 0.12
S,d (< 0) 0.09 0.07 0.06 0.04 0.02 0.12

Table IV: Debt Change Distributions With and Without Covenants. The table
presents the probabilities of increases and decreases in debt, as well as the percentiles for the
distribution of debt changes (as a percentage of current firm value), conditional on either an
increase (> 0) or a decrease (< 0) in the debt level, for the following four cases: first best (F);
second best (S); maximum book leverage covenant (S,l); and no disinvestment covenant (S,d).
The distributions are obtained from using in each case the same simulated panel of 50 years
observations of 10, 000 Monte Carlo replication of the base case firm. Base case parameters
are in Table II. The sample is obtained by a Monte Carlo simulation of θ and the application
of the optimal policy ϕ, for the four cases listed above. The optimal policy is obtained from
the numerical solution of the model using 27 points for θ, 27 points for k, and 37 points for b.



percentile 5 25 50 75 95 Prob.
F (> 0) 0.02 0.03 0.07 0.13 0.26 0.24
F (< 0) 0.09 0.08 0.06 0.03 0.02 0.35
S (> 0) 0.02 0.03 0.04 0.09 0.20 0.13
S (< 0) 0.08 0.06 0.04 0.03 0.02 0.12
F,L (> 0) 0.09 0.11 0.13 0.17 1.04 0.08
F,L (< 0) 0.14 0.12 0.11 0.09 0.09 0.03
Z,L (> 0) 0.07 0.08 0.18 0.76 2.76 0.03
Z,L (< 0) 0.18 0.11 0.09 0.08 0.08 0.02
Z,L-MM (> 0) 0.23 0.70 0.94 1.54 5.77 0.02
Z,L-MM (< 0) 0.16 0.12 0.10 0.09 0.08 0.00

Table V: Debt Change Distributions for Heuristics. The table presents the probabilities
of increases and decreases in debt, as well as the percentiles for the distribution of debt changes
(as a percentage of current firm value), conditional on either an increase (> 0) or a decrease
(< 0) in the debt level, for the following five cases: first best (F); second best (S); heuristic
case (F,L) using the first best investment policy together with a book leverage policy with
a lower bound of .35, an upper bound of .55, and a target of .45; heuristic case (Z,L) using
the unlevered investment policy together with a book leverage policy with a lower bound
of .35, an upper bound of .55, and a target of .45; and the heuristic (Z,L-MM) where the
bounds are selected based on the upper and lower five percentile points of the first-best book
leverage distribution assuming unlevered investment (the lower bound is .22, the upper bound
is .61), and the target (.55) was determined based on an optimization matching the first and
second moments of the resulting book leverage distribution of the heuristic most closely to
the moments of the first-best book leverage distribution (the F,L case). The distributions are
obtained from using in each case the same simulated panel of 50 years observations of 10, 000
Monte Carlo replication of the base case firm. Base case parameters are in Table II. The
sample is obtained by a Monte Carlo simulation of θ and the application of the optimal policy
ϕ, for the five cases listed above. The optimal policy is obtained from the numerical solution
of the model using 27 points for θ, 27 points for k, and 37 points for b.
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Figure 1: Direct and Indirect Effects of Financing on Firm Value. The figure shows
the value of an unlevered firm (Z), and the value of a firm that follows the unlevered investment
policy but takes on leverage to maximize firm value (Z,F(Z)), as a percentage of the first best
firm value (F), for different values of θ (the state variable). The values are from the numerical
solution of the model using 27 points for θ, 27 points for k, 37 points for b, based on the
parameter values in Table II. The plots are based on initial values of k = 8.53, the median of
the capital stock distribution for the unlevered firm, and b = 0.
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Figure 2: Impact of Investment and Financing Distortions. The figure plots firm values
in four different cases as a percentage of the first best (F) firm value, for different values of
θ (the state variable). The four cases are: no debt financing (Z); equity value maximization
(S); first-best financing policy, and shareholder optimization of investment conditional on first
best financing (S(F),F); and first-best investment and shareholder optimization of financing
conditional on first best investment (F,S(F)). The values are from the numerical solution of
the model using 27 points for θ, 27 points for k, 37 points for b, based on the parameter values
in Table II. The plots are based on initial values of k = 8.53, the median of the capital stock
distribution for the second best case (S), and b = 0.
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Figure 3: Effect of Covenants on Firm Value. The figure plots the firm values under three
second-best cases as a percentage of first-best firm value, for different values of θ (the state
variable). The bottom curve (S) represents the unconstrained shareholder optimization case.
The other two curves depict cases where either financing or investment behavior is constrained
by a covenant: S,l imposes an upper bound of .55 on the book value of leverage; and S,d
restricts the firm from selling off its capital. The values are from the numerical solution of the
model using 27 points for θ, 27 points for k, 37 points for b, based on the parameter values in
Table II. The plots are based on k = 8.53, the median of the capital stock distribution for the
second best case (S), and b = 0.
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Figure 4: Distribution of Book Leverage for Different Financing Strategies. The
figure plots the histograms of book leverage distribution for four cases using the same simulated
panel of 50 years observations of 10, 000 Monte Carlo replications of the base case firm. Base
case parameters are shown in Table II. The sample is obtained by a Monte Carlo simulation
of θ and the application of the optimal policy ϕ, for the first best (F), second best (S), and
the two covenant cases – book leverage constrained to be less than .55 (S,l), and no asset sales
(S,d). The optimal policy is obtained from the numerical solution of the model using 27 points
for θ, 27 points for k, 37 points for b, based on the parameter values in Table II.
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Figure 5: Performance of the Financing Heuristic Assuming an Unlevered Invest-
ment Policy. The figure plots firm values for three financing cases: the heuristic rule (Z,L);
second best financing (Z,S(Z)), and zero debt financing (Z), as a percentage of the firm value
using the same optimal unlevered investment policy, but with first-best financing (Z, F(Z)).
The values are from the numerical solution of the model using 27 points for θ, 27 points for k,
37 points for b, based on the parameter values in Table II. The plots are based on k = 8.53, the
median of the capital stock distribution assuming an unlevered investment policy, and b = 0.
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Figure 6: Performance of the Financing Heuristic Assuming a First Best Invest-
ment Policy. The figure plots firm values for three financing cases: the heuristic rule (F,L);
second best financing (F,S(F)), and zero debt financing (F,Z), as a percentage of the first-best
firm value. The values are from the numerical solution of the model using 27 points for θ, 27
points for k, 37 points for b, based on the parameter values in Table II. The plots are based
on k = 8.53 and b = 0.
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Figure 7: The Effect of Issuance and Bankruptcy Costs on Heuristic Performance.
The figure plots firm values under the book leverage financing heuristic with unlevered invest-
ment, as a percentage of firm values under first-best financing, for three separate cases: i) base
case costs (Z,L); ii) zero issuance costs (Z,L-ZC); and iii) zero bankruptcy costs (Z,L-ZBC). In
each case, the optimal unlevered investment policy is used. The values are from the numerical
solution of the model using 27 points for θ, 27 points for k, 37 points for b, based on the
parameter values in Table II. The plots are based on k = 8.53, the median of the capital stock
distribution assuming an unlevered investment policy, and b = 0.
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Figure 8: The Effect of Restrictions Imposed by the Heuristic. The figure examines
two constrained optimizations that highlight key factors explaining the value loss associated
with the heuristic financing rule. The curve labeled Z,L-Con.Opt.-2B represents the value of a
firm where leverage is constrained to fall within the bounds [.35, .55], and the firm must return
to the closest boundary if the leverage ratio were to otherwise exit the bounds if the debt level
were not changed; however, the firm may adjust its leverage if the current debt level (and the
new debt level) maintain a leverage ratio within the bounds. The case Z,L-Con.Opt. represents
the value of a firm where the leverage can be changed at any time as long as the leverage falls
within the bounds [.35, .55]. The values in all cases (including the basic Z,L heuristic case)
are shown as a percentage of the first-best Z,F(Z) case (i.e. the optimal unlevered investment
policy is assumed). The values are from the numerical solution of the model using 27 points
for θ, 27 points for k, 37 points for b, based on the parameter values in Table II. The plots
are based on k = 8.53 and b = 0.
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Figure 9: The Performance of Alternative Heuristics. The figure plots firm values for
the standard heuristic (Z,L), as well as the following four alternative heuristics: i) Z,L-L has
the base case bounds (.35,.55), and a target leverage equal to the lower bound of .35; ii) Z,L-
2B has the same base case bounds, but the target is the closest boundary of the acceptable
leverage range; iii) Z,M, where the quasi-market leverage must be maintained between a lower
bound of .10 and an upper bound of .30, and the target market leverage is .20; and iv) Z,L-
MM, where the bounds are selected based on the upper and lower five percentile points of
the first-best book leverage distribution (lower bound = .22 and upper bound = .61), and the
target (.55) was determined based on an optimization matching the first and second moments
of the resulting book leverage distribution of the heuristic most closely to the moments of the
first-best book leverage distribution (the Z,F(Z) case). In all cases, the values are shown as a
percentage of the first-best value under the optimal unlevered investment policy (Z,F(Z)). The
values are from the numerical solution of the model using 27 points for θ, 27 points for k, 37
points for b, based on the parameter values in Table II. The plots are based on k = 8.53 and
b = 0.
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