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Endogenous Financial Constraints, Taxes, and Leverage

Abstract

We quantify the relative importance of contracting frictions and taxes in shaping firms’
capital structures. We estimate a dynamic contracting model based on limited entrepreneurial
commitment. In the model a firm seeks debt financing from an intermediary and is subject
to taxation. Because the firm can renege on the financing contract, the optimal contract
is self-enforcing, so that financial constraints arise endogenously. We estimate the model’s
parameters using data from firms in several industries. We find that taxes have no effect on
optimal leverage because they affect neither the lender’s discount factor nor the constraints
that allow the contract to be self-enforcing. In contrast, taxes have a sharp deleterious effect
on investment.



1 Introduction

It is safe to say that credit supply affects firms’ financial and real economic decisions. Hun-

dreds of studies have demonstrated that the cross-sectional and time-series patterns in in-

vestment, employment, and finance are nearly impossible to reconcile with a world in which

external finance is easy to obtain. Yet much of the empirical and structural research in

corporate finance is based on models in which external financial frictions are exogenous, so

that firms’ actions and characteristics never affect the terms of their financing.

We depart from this paradigm by quantifying the importance of contracting frictions in

shaping corporate financial decisions. In particular, we compare the importance of endoge-

nous financial constraints that arise in a contracting environment with a more traditional

friction that is central to most models of corporate capital structure: taxation. To this end,

we formulate and estimate a dynamic model of capital structure that is based on limited

enforceability of contracts between lenders and firms and that also incorporates taxation.

The results from our estimation are striking. Models both with and without taxation can

be reconciled with average firm leverage, with little change in other model parameters across

the two cases. Similarly, our counterfactuals show that changing the corporate tax rate has

little effect on optimal firm leverage. In contrast, taxation has a sharp negative effect on

investment. The intuition for these results requires a brief description of the model.

In the model, a firm with a possibly infinite lifespan enters the market with a valuable

investment opportunity that generates taxable revenues. However, the firm has insufficient

funds to start the project and must obtain financing from an intermediary, which is more

patient than the firm. There are no informational asymmetries: the intermediary can observe

firm policies. However, financing is not frictionless because the firm can renege on a financing

contract, abscond with the firm’s capital, and start over, albeit after losing part of the firm’s

capital as a deadweight cost. An additional friction is the firm’s limited liability, which

prevents costless equity infusions. Because the lender must commit to the contract, the only

feasible contracts are self-enforcing, so that the firm never has an incentive to renege.
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The optimal contract specifies state-contingent financing, payout, and investment policies

so that the firm’s long-term benefits from adhering to the contract outweigh the benefits from

repudiating it. The contract is sufficiently flexible that the firm can save in some states of the

world, instead of carrying a stock of debt. Thus, borrowing constraints, capital structures,

dividends, and investment policy emerge endogenously as a product of an optimal contract.

In this setting, we find almost no effect of taxes on leverage. Taxes naturally affect

the firm’s budget constraint and the contract enforcement constraint, which stipulates that

the firm must be better off repaying the debt than repudiating the contract and starting

over. However changing �rm taxes does not affect the rate at which the lender discounts

the payments it receives from the firm. Quantitatively, we find that the main effect of taxes

operates via the enforcement constraint, because this constraint nearly always binds. For

the firm to be indifferent between defaulting and continuing operations, the benefit from

shedding debt in default must equal the loss of revenue that follows from the destruction of

capital in default. The tax deductibility of interest renders debt less onerous for the firm but

it also makes capital less valuable. The end result is that the taxation has little net effect

on this basic tradeoff between debt and capital that makes the contract self-enforcing.

We stress that these results are quantitative in nature and come from a model whose

parameters we estimate via simulated method of moments. The data therefore put tight

restrictions on our model parameters and on the predictions that emerge from the model.

We find largely reasonable parameter estimates. Our estimates of the firm’s technological

characteristics, such as the capital depreciation rate and the extent of decreasing returns to

scale are in line with many other structural estimation studies (e.g. Hennessy and Whited

2005, 2007). More importantly, we estimate a parameter that describes the firm’s incentive

to renege on the contract: the fraction of the firm’s assets that can survive default and

that the firm can use to start over after contract repudiation. We find that this parameter

is statistically different from zero and economically important. Finally, we find that the

model, although highly stylized, can match important features of the data on both large and

small firms, as well as on firms in several diverse industries. We conclude that an optimal
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contracting model can characterize broad features of the data, even though the form of

real-world contracts deviates from the exact model predictions.

Our findings would have been hard to obtain by more conventional methods. Capital

structure and investment are endogenous, and most tax changes are motivated by political

economy considerations. Instruments or quasi-experimental settings for these issues are

scarce. In addition, the main sources of the contracting frictions are unobservable, and

proxies for these frictions are unavailable. Quantifying their effects therefore requires a

model, which puts enough structure on the data to identify the effects of interest.

Our paper fits into several literatures. The first is a set of theoretical papers that uses lim-

ited commitment models to study such subjects as international trade contracts (Thomas

and Worrall 1994), financial constraints (Albuquerque and Hopenhayn 2004), macroeco-

nomic dynamics (Cooley, Marimon and Quadrini 2004; Jermann and Quadrini 2007, 2012),

investment (Lorenzoni and Walentin 2007; Schmid 2011), risk management (Rampini and

Viswanathan 2010), and capital structure (Rampini and Viswanathan 2013). Our paper is

unique in this group because it uses a limited commitment model as the basis of an explicitly

empirical investigation, whereas the rest of these papers are largely theoretical.

The second literature is the structural estimation of dynamic models in corporate finance,

such as Hennessy and Whited (2005, 2007), DeAngelo, DeAngelo and Whited (2011), and

Morellec, Nikolov and Schürhoff (2012). Our paper departs from these predecessors in one

important dimension. Instead of specifying financial constraints or agency concerns as an ex-

ogenous parameter, we derive financial constraints from an optimal contracting framework,

and then estimate the magnitudes of the underlying frictions. Expressing finance constraints

exogenously has the advantage that one can model a richer set of financial decisions. Un-

fortunately, this approach has the drawback that it is hard to assess the effects of these

constraints because the parameters that describe financial constraints are not likely to be

invariant to firms’ actions or characteristics. In contrast, estimating an actual contracting

model allows one to examine counterfactual questions with respect to deeper parameters.

Our paper is most closely related to Nikolov and Schmid (2012), which also estimates a
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dynamic contracting model. However, our paper examines a different question. While we

focus primarily on capital structure, they concentrate on investment. In addition, they work

with a different class of contracting models based on moral hazard (e.g. DeMarzo and San-

nikov 2006; DeMarzo, Fishman, He and Wang 2012; Biais, Mariotti, Rochet and Villeneuve

2010). Although ideal for understanding the effects of agency on investment, these models

are less amenable to the empirical study of capital structure because the implementation of

the contract in terms of capital structures is not unique. Therefore, it is impossible to know

which implementation corresponds to the actual capital structures we observe in the data.

The rest of the paper is organized as follows. Section 2 develops the model. Section

3 describes the data. Section 4 explains the estimation methodology and identification

strategy. Section 5 presents the estimation results. Section 6 describes several counterfactual

experiments, and Section 7 concludes. The Appendices contain proofs, describe our model

solution procedure, and outline the details of the estimation.

2 The Model

This section develops the model, which is a simple discrete-time, infinite-horizon, limited-

enforcement contracting problem in the spirit of Albuquerque and Hopenhayn (2004), Rampini

and Viswanathan (2010, 2013), or Lorenzoni and Walentin (2007). We first present a model

without corporate taxation. Here, we start with a description of the firm’s technology. We

then move on to describing the incentive and contracting environment. Next, we characterize

the optimal contract. Finally, we explain how we add taxes to the model.

2.1 Technology

We consider an industry that consists of a continuum of firms, each of which produces a

homogeneous product. Firms can enter and exit the industry. At time t, an entrant with

capital stock kt can start to use this capital. Incumbents become unproductive and exit the

industry with probability �. We assume the mass of firms is fixed and normalize it to be

one. Therefore, the mass of entrants each period is also �.
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Both incumbents and entrants use the production technology yt = ztk
�
t , in which kt is

a capital input, and zt is a firm-specific technology shock, which follows a Markov process

with finite support Z and transition matrix Π. The entrant also takes its initial productivity

draw from the same shock process. The law of motion for kt is given by

kt+1 = kt + (1− �)it; (1)

in which it is capital investment at time t and � is the capital depreciation rate.

2.2 Contracting Environment

Although entry is costless, upon entry, the firm has no current profits to fund expansion,

and it therefore obtains financing by entering a contractual relationship with a financial

intermediary/bank/lender. Three important assumptions shape the contract. First, the

entrepreneur has limited liability. Second, the lender commits to the long-run contract, while

the firms can choose to default; that is, the long-run contract has one-sided commitment.

Third, firms have a higher discount rate than do banks, as in Lorenzoni and Walentin (2007).

Let � be the discount factor for the firms, and let �C be the discount factor for the banks,

with �C > � so that firms are less patient than lenders. As will be seen below, when � = �C ,

the firm can sometimes be completely unconstrained, so that capital structure is irrelevant.

In order to estimate this model, we require a determinate capital structure, so we much

assume that �C > �.

The timing of events is as follows. When a new firm is born at time t, it receives a draw

from the invariant distribution of the productivity shock and an initial capital stock kt. The

firm then signs a long-term contract with the lender that provides initial funding. Once the

firm enters the contract, production takes place and the firm invests, pays out dividends and

makes payments to the lender as required in the contract. At the beginning of next period,

the firm first faces an exogenous exit shock. If it survives, the firm can choose whether to

renege on the contract after observing the productivity shock. If the firm does not renege,

the plan defined by the contract continues to be implemented.
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We now define the specifics of the contract. Let zt be the state at time t, and let zt =

(z0; z1; : : : ; zt) denote the history of states from times 1 to t. A contract between the entrant

and the lender at time t is a triple (it+j(z
t+j); dt+j(z

t+j); pt+j(z
t+j))∞j=0 of sequences specifying

the investment it+j, the dividend distribution dt+j and the payment to the lender pt+j as

functions of the firm’s current history. We allow pt to be either positive or negative, with

positive amounts corresponding to repayments to the intermediary and negative amounts

corresponding to additional external financing. The contract is thus fully state contingent.

Of course, real-world contracts do not literally specify policies in this manner. Nonethe-

less, all loan and debt contracts contain covenants that often specify limits on investment

and dividend policies, and these sorts of limits constitute financial frictions. The model

therefore captures these sorts of endogenous frictions in an internally consistent manner.

The state-contingent nature of the contract seems at first unnatural because debt contracts

are typically thought of as being state-incontingent. However, Roberts (2012) documents

that most loan contracts get renegotiated multiple times over their lifetime, and the mere

existence of debt covenants implies that debt cannot, by definition, be completely state

incontingent.

We define a contract to be feasible if it meets the following two conditions:

zt+jk
�
t+j − it+j(zt+j) ≥ dt+j(z

t+j) + pt+j(z
t+j) (2)

dt+j(z
t+j) ≥ 0 (3)

for any zt+j, j ≥ 0. The constraint (2) is simply the budget constraint, which requires that

net revenue be at least as large as payments to shareholders and the lender. The constraint

(3) is the result of limited liability. It prevents the firm from obtaining costless external equity

financing from shareholders. Without such a constraint, the contract would be unnecessary.

In this detail, the model departs from dynamic investment-based capital structure models

such as Hennessy and Whited (2005), in which the firm can extract negative dividends from

shareholders, but only after paying them a premium. As such, our model cannot capture

the equity issuances we see in the data. However, given that firm initiated equity issuances
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are both tiny and rare (McKeon 2013), we view this drawback of our model as minor.

We assume that the long-run contract is not fully enforceable. The firm has control of

its capital and has the option to renege on the contract and default, leaving the lender with

no further payments on the loan and thus setting its liability to zero. If the firm defaults,

it can keep a fraction (1− �) of the capital kt. At this point, the firm is not excluded from

the market. Instead, it can reinvest the capital and sign a new lending contract. Thus, the

form of punishment for the defaulting firm is only the loss of a fraction � of its assets.1 This

feature of the model captures Chapter 11 renegotiation, rather than Chapter 7 liquidation.

Let E(·) be the expectation operator with respect to the transition function Π. Then the

total value to the firm of repudiating an active contract at time � is:

D(k� ; z� ) = E�
∞∑
j=0

(�(1− �))j d̂�+j(z�+j); (4)

in which {d̂�+j(z�+j)}∞j=0 is the dividend stream the firm obtains at time � , with a fraction

(1−�) of its capital stock, after it repudiates its original contract and then enters into a new

contract. The diversion value in (4) is a primitive of the model and constitutes the equity

value of reinvesting the diverted capital. Equivalently, this sum is the contract value for the

shareholder with capital (1− �)k� .

Because the lender commits to the contract, in order for the contract to be self-enforcing,

the firm cannot have any incentive to deviate from its terms. Therefore, the discounted

dividends from continuing the contract should be no less than the repudiation value. That

is, the firm will not renege on the contract at time � provided that

D(k� ; z� ) ≤ E�
∞∑
j=0

(�(1− �))jd�+j: (5)

The contract is then self-enforcing/enforceable if (5) is satisfied for all � > t.

2.3 Contracting problem

The optimal contract maximizes the equity value of the firm subject to several constraints

that define the contract. This problem for an entrant is defined as follows:

1The form of diversion is adopted from Lorenzoni and Walentin (2007).
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max
{dt+j ;it+j ;pt+j}∞j=0

Et
∞∑
j=0

(�(1− �))jdt+j (6)

subject to

dt+j ≥ 0 (7)

zt+jk
�
t+j − it+j − pt+j − dt+j ≥ 0 (8)

E�
∞∑
j=0

(�(1− �))jd�+j ≥ D(k� ; z� ); ∀� > t (9)

Et
∞∑
j=0

(�C(1− �))jpt+j ≥ 0 (10)

Equations (7)–(9) are the dividend nonnegativity constraint, the budget constraint, and

the enforcement constraint. Equation (10) is the initial participation constraint for the

lender. Intuitively, the lender will only enter the contract with the firm if it expects the

present value of its disbursements and repayments to be nonnegative. Note that the lender

discounts these payments at a lower rate than the firm.2

2.4 Recursive formulation

This section reformulates the contracting problem recursively, with the solution characterized

as the Pareto frontier between the value entitlements of the firm and the lender, given by

(6) and (10), respectively. To start, we define

q� ≡ E�
∞∑
j=0

(�C(1− �))jp�+j;

which is the contract value for debt owners, or the promised debt at time � . Following Spear

and Srivastava (1987) and Abreu, Pearce and Stacchetti (1990), the contractual problem can

be stated recursively using q� as a state variable. The argument proceeds as follows. We

first propose a recursive formulation. Then we show that this formulation can be simpli-

fied. Finally, we prove that the simplified recursive formulation is equivalent to the original

problem.

2It is possible to assume that the lender seizes some of the firm’s assets in default. However, because
the lender commits to the contract, its participation constraint never binds, so we omit this possibility for
simplicity.
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Let a prime denote a variable in the subsequent period, and let no prime denote a variable

in the current period, and define D(k′; z′) ≡ V ((1−�)k′; 0; z′). We propose that the Bellman

equation for the problem can be expressed as:

V (k; q; z) = max
k′;q(z′)

zk�+k(1−�)−q−k′+�C(1−�)Eq(z′)+�(1−�)EV (k′; q′(z′); z′) (11)

subject to

zk� + k(1− �)− q − k′ + �C(1− �)Eq(z′) ≥ 0 (12)

V (k′; q′(z′); z′) ≥ D(k′; z′); ∀z′ ∈ Z; (13)

We now simplify the problem by reducing the dimension of the state space. Define net

wealth as w ≡ zk� + k(1 − �) − q. It is straightforward to show that the solution to the

above problem depends only on this variable and not on its individual components. To see

this property of the solution, note that without the constraints (12) and (13), the solution

to the unconstrained optimization (11) does not depend on both k and q because the firm

postpones the debt payment and always choose the highest possible debt, q̄, as �C > �. In

this case the total value of the firm does not depend on how much of it is financed with

debt. In the case of a constrained problem, k and q appear in the constraint (12) only to the

extent that they define net wealth. Thus, the recursive problem can be rewritten as follows:

Proposition 1

V (w; z) = max
k′;q(z′)

w − k′ + �C(1− �)Eq(z′) + �(1− �)EV (w′(z′); z′) (14)

subject to

w − k′ + �C(1− �)Eq(z′) ≥ 0 (15)

V (w′(z′); z′) ≥ D(k′; z′); ∀z′ ∈ Z; (16)

where D(k′; z′) = V (ŵ(z′); z′) and ŵ(z′) = z′(k′(1− �))� + k′(1− �)(1− �).

Solving this problem is difficult for two reasons. First, for some sets of model parameters,

the constraint set is empty, so that the model has no solution. We therefore we assume that
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under some parameterizations, the constraint set is not empty. This assumption is innocuous

given that we can obtain numerical solutions for many parameterizations. Second, in contrast

to a standard dynamic programming problem, the value function appears in the constraints.

To deal with this second issue, we note, as in Rampini and Viswanathan (2013), that it is

possible to rewrite the constraint (16) in terms of collateral as follows:

Proposition 2 V (w′(z′); z′) ≥ D(k′; z′); ∀z′ ∈ Z if and only if

z′k′� − z′(k′(1− �))� + �k′(1− �) ≥ q′(z′); ∀z′ ∈ Z (17)

Although seemingly restrictive, credit lines and term loans often have an upper limit that

is contingent on what is called a borrowing base. The base consists of a set of pledgeable

assets, usually current assets such as inventory or accounts receivable. The value of this base

can vary over time. (Taylor and Sansone 2006) Thus, this collateral constraint conforms to

the types of actual financial contracts we observe in the data.

When we use the collateral form of the enforcement constraint, the Bellman equation

can be solved by iteration with an initial guess of a function that is strictly increasing in

w. We use the Pareto frontier of the first-best problem as the initial guess. In our case, the

first best problem is for the shareholders to maximize the total gain from the project in the

absence of enforcement problems. For this solution, we let �C = �. The Pareto frontier is

then defined as follows:

W (w; z) = max
k′;q′

w − k′ + �(1− �)q′ + �(1− �)EW (w′; z′); (18)

where w = zk� + k(1 − �) − q. Note that here w′ does not depend on the future state

z′, whereas w′ does depend on z′ in the constrained optimization problem. The reason is

that in the constrained problem, w′ depends on the state contingent payments to the lender,

whereas in the first-best problem, any such payments are undefined.

Define the mapping T in the space of bounded functions.

T (V )(w; z) = max
k′;q(z′)

w − k′ + �C(1− �)Eq(z′) + �(1− �)EV (w′(z′); z′) (19)

10



subject to (15) and (??).

The following proposition establishes the existence of a solution.

Proposition 3 T n(W ) converges pointwise to V as n→∞.

This proposition is useful because it implies that the solution to the model can then be

obtained by iterating on (A.15) with W (w; z) as an initial guess. We describe our numerical

solution procedure in Appendix B.

2.5 Optimal Policies

To understand the properties of the model, it is useful to study the first order conditions. To

do so, we first assume that V (w; z) is differentiable. Next, let � be the Lagrange multiplier

on the dividend nonnegativity constraint (15), and let �(1 − �)�(z′|z)�z′ be the Lagrange

multiplier associated with the enforcement constraint (17) at state z′, where �(z′|z) is the

transitional probability from state z to state z′. The first order condition for k′ is:

�(1− �)
∑
z′

�(z′|z)Vw(w′; z′)
@w′

@k′
(20)

+ �(1− �)
∑
z′

�(z′|z)�z′
(
�z
(
k′�−1 − (1− �)(k′(1− �))�−1

)
+ �(1− �)

)
− � = 1:

where @w′

@k′
= z′�k′�−1 + 1− �: The first term in (20) is the constrained ratio of the marginal

product of capital to the user cost. Suppose that the Lagrange multipliers � and �(1 −

�)�(z′|z)�z′ are zero (the unconstrained case). Because the envelope theorem implies that

Vw(w; z) = 1 + �, this first order condition just states that the expected marginal product

of capital equals the user cost, as in a standard neoclassical investment model.

We now consider the constrained case. The next term in (20) is the marginal value of

capital in relaxing the enforcement constraint. As long as � > 0, and as long the constraint

binds in at least one state, this term is strictly positive. The last term is the shadow value of

the dividend nonnegativity constraint. Thus, capital has value not only in the production of

goods, but also in the relaxation of the enforcement and dividend nonnegativity constraints.

11



Next, we examine the optimality conditions with respect to value of payments to the

lender. The first order condition for q(z′) for any given value of z′ is

1 + �+
�

�C
(1 + �z′)Vw(w′; z′)

@w′

@q′
= 0; ∀z′ ∈ Z (21)

Using the envelope theorem and the condition @w′

@q′
= −1, we can rewrite (21) as

1 + �

1 + �(w′; z′)
=

�

�C
(1 + �z′) ∀z′ ∈ Z (22)

First, note that even when � = �(w′; z′) = 0, because � < �C , the enforcement constraint

binds. In other words, the assumption that the firm is less patient than the lender indicates

even mature firms that pay dividends will always be constrained because they always want

to borrow more. Conversely, (22) shows that if � = �C , the firm does not pay out dividends

when the enforcement constraint binds, that is, when the firm is financially constrained.

Interestingly, in the case in which � = �C , the firm can eventually become completely

unconstrained as long as z has finite support. To see this result, note that 1 + �(w′; z′) =

Vw(w′; z′) is a decreasing function of w′, and that w′ is an increasing function of w. Thus,

there exists a cut-off value of w′ (dependent on z′) such that �(w′; z′) = 0. If z has finite

support, we can find a value of w′ such that �(w′; z′) = 0 for all z′.

2.6 Taxes

Thus far we have worked with a model with no taxation. We now consider the possibility

that profits are taxed and that interest on debt is tax deductible. The taxation of profits

can be modeled simply by replacing the profit function, zk� with (1− �c)zk�, in which �c is

the corporate tax rate.

Interest deductibility is somewhat more complicated because debt in the model is defined

in terms of payments to the intermediary, which can include both principal and interest

components. Thus, to split the payment into these two parts, we define the face value of

debt, f ≡ �Cp. In this case, the interest component can be expressed as:

�Cp

(
1

�C
− 1

)
:
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With the interest deduction, from the point of view of the firm, the net-of-deduction payment

to the intermediary becomes:

�Cp+ �Cp

(
1

�C
− 1

)
(1− �c) = p(1− �c(1− �C))

We assume that the intermediary continues to receive p, so the participation constraint and

the recursion that defines q remain unaffected.3 This assumption is innocuous inasmuch as it

does not affect the form of the first-order condition for optimal debt or the model’s optimal

policy function because the lender’s participation constraint never binds.

Now we can rewrite the recursive problem as:

V (k; q; z) = max
k′;q(z′)

(
(1− �c)zk� + k(1− �)− k′ − (1− �c(1− �C))(q − �C(1− �)Eq(z′))

)
+ �(1− �)EV (k′; q′(z′); z′) (23)

subject to

(1− �c)zk� + k(1− �)− k′ − (1− �c(1− �C))(q − �C(1− �)Eq(z′)) ≥ 0 (24)

V (k′; q′(z′); z′) ≥ V (k′(1− �); 0; z′) ≡ D(k′; z′); ∀z′ ∈ Z; (25)

In the model with taxes, we define net wealth as w ≡ (1− �c)zk� + k(1− �)− (1− �c(1−

�C))q. As before, the model with taxes can be written in terms of net wealth, and the proofs

of Propositions 1–3 proceed with only minor modification.

Of particular interest is the form that the collateral constraint (17) takes when there is

taxation:

(1− �c) (z′k′� − z′(k′(1− �))�) + �k′(1− �) ≥ (1− �c(1− �C))q′(z′); ∀z′ ∈ Z (26)

Equation (26) shows that the effect of taxes on the collateral/enforcement constraint

is ambiguous. The presence of taxation lowers both the left and right hand sides of (26).

Intuitively, for the firm to be indifferent between defaulting and continuing operations, the

3Jermann and Quadrini (2012) is the only other dynamic contracting model that contains a tax benefit,
which they model as in Hennessy and Whited (2005).
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benefit from shedding debt in default must equal the loss of revenue that follows from the

destruction of capital in default. The tax deductibility of interest renders debt less onerous

for the firm but it also makes capital less valuable, so the punishment in default is less severe.

The sign of the net effect depends on the relative magnitudes of �C , and �. For example,

as the lender becomes more patient (as �C approaches 1), the effect of the tax deductibility

of interest falls because the interest component of the payments to the lender shrinks. Con-

versely, as the curvature of the production function, �, approaches 1, the effect of taxes on

the value of capital approaches (1− �c)�z′k′, and as � shrinks to zero, the effect of taxes on

the value of capital approaches zero. The relative magnitude of these effects is a quantitative

question, which requires estimating the model.

One final point of interest in the case with taxation only affects the first-order condition

for optimal debt (22) only indirectly because the term (1− �c(1− �C)) cancels out on both

sides of (22). However, taxes do have a material effect on the first order condition, but

only inasmuch as they determine the extent to which the enforcement and limited liability

constraints bind. This feature of the model stems from our definition of the face value of

debt, but it also makes sense in that a lender is not going to change the rate at which it

discounts the payments it receives if the firm’s tax rate changes.4 It is also useful in that it

separates the revenue consequences of using debt from the discount rate consequences, which

are bound together in theories of capital structure based on neoclassical investment models

(e.g Hennessy and Whited 2005, 2007).

To understand this latter point, it is useful to consider the case of collateralized, riskless

debt. In this case debt in a neoclassical investment model can be thought of as a constant-

returns storage technology that earns the after-tax rate risk-free rate. Thus, whenever the

tax rate deviates from zero, because the firm discounts at the before-tax risk-free rate, the

rate on the storage technology deviates from the discount rate, and this deviation results in

large effects on optimal debt holdings. We refer to this effect as a discount rate effect.

4In a model in which taxation affected both lenders and firms, the ratio of the discount factors would be
unaffected, and so the first-order condition for optimal debt would remain unchanged.
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2.7 Policy Functions

We now extend the intuition behind the role of taxes in the model by examining the policy

functions from two versions of the model: one with and another without taxes. Figure 1

contains the policy functions for the model, where we set the tax rate to zero and use the

parameterization from the full sample estimation in Table 1 below, in which the tax rate

is also set to zero. The top panel plots several optimal policies as a function of current

net wealth for the case of a high current shock. The optimal choices include capital (k′),

dividends (d), and state contingent debt (q′(z′)), where we consider debt contingent on a

low, a medium, and a high future state. Each of these variables is scaled by the steady state

capital stock, defined as the capital stock that equates the expected marginal product of

capital E(�z′(k′)�−1) with the user cost, which is given by � + 1=� − 1. The bottom panel

is identical to the top panel, except that it plots optimal policies for a low current shock.

In both panels, three patterns stand out. First, the enforcement constraint always binds,

as seen in the proportionality of debt to capital. At low levels of net worth, the constraint

binds because the firm has not reached an optimal size and borrows as much as it can to

grow to out of its borrowing constraint. At high levels of net worth, the binding constraint

comes from the lender having a higher discount factor than the firm. Second, if the firm

has relatively low net wealth, the optimal choice of tomorrow’s capital stock is increasing in

today’s net wealth. This pattern makes sense because of the binding enforcement constraint.

The firm can only pick a higher capital stock if it has sufficient internal resources. However,

for high levels of net worth, the firm does not expand beyond the point where the marginal

product of capital for the high state falls below the user cost. Third, for low levels of net

wealth, the firm does not pay dividends, because resources devoted to capital accumulation

earn more than the user cost and because increasing capital helps relax the borrowing con-

straint. It only pays dividends at high levels of net worth when the firm has more than

enough internal and external resources to fund optimal capital expenditures.

The bottom panel differs from the top panel in two major ways. First, the optimal

capital stock is lower for every level of net worth, which makes sense, given that this panel
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is computed for a low level of z. Second, we see a lower level of net wealth at which the firm

switches from being a capital accumulator to a dividend payer.

Figure 2 plots the same policy functions for a model in which all parameters are identical,

except that we set the tax rate to 0.2. Here, we scale all variables by the capital stock that

sets the expected after-tax capital stock equal to the user cost. Strikingly, Figures 1 and 2

appear almost identical. Of course, taxation reduces the optimal steady-state capital stock

by nearly one-third, so the firm operates on a much smaller scale. Nonetheless, the ratios of

all of the policy variables to this lower capital stock are nearly identical.

3 Data

Our data are from the 2012 Compustat files. Following the literature, we remove all regulated

utilities (SIC 4900-4999), financial firms (SIC 6000-6999), and quasi-governmental and non-

profit firms (SIC 9000-9999). Observations with missing values for the SIC code, total assets,

the gross capital stock, market value, debt, and cash are also excluded from the final sample.

As a result of these selection criteria, we obtain a panel data set with 100,149 observations

for the time period between 1964 and 2011 at an annual frequency.

We define total assets as Compustat variable AT, the capital stock as PPEGT, investment

as capital expenditures (CAPX) minus sales of capital goods (SPPE), cash and equivalents

as CHE, operating income as OIBDP, equity repurchases as PRSTK, dividends as the sum

of common and preferred dividends (DVC + DVP), debt as (DLTT + DLC), depreciation as

DP, current assets as AC, and Tobin’s q as the ratio of (AT + PRCC F × CSHO − TXDB

− CEQ ) to AT. Investment, net leverage (DLTT+DLC − CHE), total payout (dividends

plus repurchases), and operating profit are expressed as fractions of total assets.

4 Estimation

This section provides an intuitive description of our estimation procedure and discusses the

identification of our parameters. Appendix B contains the technical details.
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4.1 Simulated Method of Moments

We estimate most of the structural parameters of the model using simulated method of

moments. However, we estimate some of the model parameters separately. For example, we

estimate � as 1=(1 + rf ), where rf is the average real 3-month Treasury bill rate over our

sample period. For our simulations we also need to choose the number of years the firm

lives. Here, we use the simple average of the length of time a firm is in our sample, which we

truncate to the nearest integer. We then estimate the following parameters using simulated

method of moments: the depreciation rate, �; the production function curvature, �; the

probability of exit, �, the fraction of the capital stock that can be diverted, �; the time-zero

capital stock, k0; and the difference between the creditor’s and the firms’ discount factors,

�C − �. To estimate the transition matrix, Π, we approximate it as an AR(1) process in

logs, given by

ln zt+1 = � ln zt + "t+1: (27)

Here, "t is an i:i:d truncated normal variable with mean 0 and standard deviation �z. With

this assumption, we add two more parameters to our list: the standard deviation and serial

correlation of the productivity shock, � and �z.

We define our simulated data variables as follows. Investment is (k′− (1− �)k)=k; future

leverage in state z′ is q(z′)=k′; current leverage is q=k; dividends are d=k, and Tobin’s q is

V (w; z)=k.

Simulated method of moments, although computationally cumbersome, is conceptually

simple. First, we generate a panel of simulated data using the numerical solution to the

model. Next, we calculate interesting moments using both these simulated data and actual

data. The objective of SMM is then to pick the model parameters that make the actual and

simulated moments as close to each other as possible.

4.2 Identification

The success of this procedure relies on model identification. Global identification of a sim-

ulated moments estimator obtains when the expected value of the difference between the
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simulated moments and the data moments equal zero if and only if the structural parame-

ters equal their true values. A sufficient condition for identification is a one-to-one mapping

between the structural parameters and a subset of the data moments of the same dimen-

sion. Because our model does not yield such a closed-form mapping, we take care to choose

moments that are sensitive to variations in the structural parameters such as the diversion

parameter, �. On the other hand, we do not “cherry-pick” moments. Instead, we examine

the means and variances of all of the policy variables in our model. We also employ several

serial correlation moments.

We now describe and rationalize the 12 moments that we match. The first 8 are the

means and variances of the rate of investment, (k′− (1− �)k)=k, the ratio of profits to assets

(zk�−1), the leverage ratio (q=k), and the ratio of dividends to assets d=k. We also include

the mean of Tobin’s q (V=k), but not the variance because the model-implied variance of

Tobin’s q is much smaller than the values seen in the data. This result is shared by many

asset pricing models, which cannot reconcile the observed high volatility of asset prices. In

addition, variance of Tobin’s q varies little with most of the other model parameters. Finally,

we also include the serial correlation of the rate of investment, leverage, and operating profits.

In this list several of these moments are particularly useful for identification of specific

parameters. We start with the technological parameters, all of which are straightforward to

identify. First, the mean rate of investment is the moment most useful for pinning down

the depreciation rate, with higher rates of depreciation naturally leading to higher rates of

contractual capital replacement. Next, the variance and autocorrelation of profits are directly

related to the parameters �z and �. Finally, the curvature of the production function, � is

most directly related to average profits and Tobin’s q. As � decreases, the firm faces more

severe decreasing returns to scale, which, all else held constant, results in lower average

profits, and thus Tobin’s q.

The identification of � is also straightforward because it is strictly increasing in the average

leverage ratio. The identification of the parameter � comes mainly from the mean of Tobin’s

q, which falls as � rises because the discount rate used to determine equity value rises. The
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identification of k0 involves firm dynamics. If k0 is small, then the firm starts its life far

away from its desired capital stock. Because the firm pays no dividends for while it is young,

average dividends naturally rise with k0, as the firm spends less time in a region in which

it is constrained. The most difficult parameter to identify is the difference between the firm

and lender discount factors �C − �. Although leverage does naturally rise as this difference

moves away from zero, these effects occur largely at the transition from a zero difference to

a positive difference. In addition, few of the other moments are affected by this parameter,

with the exception of some of the serial correlation parameters. Although this parameter is

hard to identify, the positive side of this problem is that its value matters little for our basic

conclusions.

5 Results

Table 1 contains the results from our estimation. We consider two versions of the model:

one in which we set the corporate tax rate to zero and one in which we set it to 20%. Panel

A contains estimates of the real-data moments, the simulated moments, and the t-statistics

for the difference between the two. Panel B contains the parameter estimates.

Two main results stand out in Panel A. First, both versions of the model fit the data

reasonably well. Across the two estimations just over half of the simulated moments are

statistically significantly different from their real-data counterparts, but only a few are eco-

nomically different. This good fit is remarkable, given that the model has few parameters

and given that we use Both versions of the model do a good job of matching the means of

net leverage, Tobin’s q, and average profits, as well as all of the serial correlation coefficients.

The model without taxes matches average investment, whereas the model with taxes falls

short. Both models produce average dividends that far exceed real-world dividends, but the

model with taxes gets somewhat closer. The model struggles more with variances. It over-

estimates the variances of investment and dividends, and it underestimates the variances of

operating income, and especially leverage. The failure of the model to match the dividend

smoothing observed in the data is shared by all but a handful (e.g. Lambrecht and Myers
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2012) of dynamic investment and financing models. In the end, by fitting a large number

of moments, we have stress tested the model to determine whether and where it succeeds in

matching important features of the data.

This discussion reveals our second main result, which is that adding taxes to the model

does little to help reconcile the model with the data, especially average leverage, which is well

matched in both cases. The intuition is that while taxes have important effects on profits,

they do nothing to the relative difference in discount rates between lenders and firms, which

determines whether the enforcement constraint binds for mature firms. Taxes do have the

potential to affect the enforcement constraint, so we use our results to assess these affects

quantitatively. We calculate the steady state capital stock, given our parameter estimates,

and plug this result, along with the relevant parameters into the enforcement constraint:

(26). We find that the addition of taxes actually tightens the collateral constraint, but only

by approximately 1%, which is a tiny amount.

Panel B shows that our estimates of fundamental contracting frictions are significantly

different from zero. We estimate that the average firm loses about 15% of its assets as a

deadweight cost when it repudiates a contract. These estimates are in line with the direct

estimates in Andrade and Kaplan (1998). Our estimates of the starting conditions for the

firms are also of interest in that they differ significantly across the two estimations. The

estimate for the no-tax model is approximately 25% larger than it is in the case of the

model with taxes. This result makes sense in that the steady state capital stock is about

25% smaller in the model with taxes. Recall that the starting point dictates the amount

of financing necessary for the young firm, with firms starting nearer to the steady state

capital stock requiring less financing. Interestingly, although we find positive estimates for

the difference between the lenders’ and firms’ discount rates, the estimates are not significant

in either model.

Our estimates of the technological parameters, �, �, �, and �z are slightly different from

those found in previous studies such as Hennessy and Whited (2005, 2007). In particular,

the estimated depreciation rate is much lower. This result makes sense, because the models
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used in Hennessy and Whited (2005, 2007) are of mature firms, in which the depreciation

rate roughly equals average model-generated investment. In contrast, in the current model,

firms start out at a suboptimally low level and then grow into mature firms. In this setting,

young firms invest at enormous rates, while mature firms invest at very low rates. The result

is that mean investment lies far above median investment, with the latter approximately

equal to the depreciation rate. The other three technological parameters, �, �, and �z, are

slightly smaller than those found in previous work, but of the same order of magnitude.

For the no tax model, we find a significant estimate of the exogenous rate of exit. However,

the point estimate of 2% is small relative to the substantial turnover of firms observe in the

Compustat database. Moreover, the estimate of this parameter is near zero and insignificant

in the model without taxes. The lack of significance in the model with taxes makes sense

because this parameter is largely identified by the mean of Tobin’s q, and in the model with

taxes, Tobin’s q does respond as strongly to changes in the discount rate because capital

productivity is lower.

5.1 Large versus Small Firms

We now turn to the issue of cross-sectional heterogeneity, which is important because SMM

estimates the parameters of an average firm, and the concept of an average firm is ill defined

in a large heterogeneous sample. In addition, it is useful to determine whether the model

is powerful enough to match moments from different subsamples of firms. Along this line,

we first split the sample by firm size, with the cutoff point being the sample median of real

assets, which are calculated using the producer price index, with 2002 as the base year. The

results are in Table 2, which is organized the same way as Table 1.

Panel A shows that for both groups, the model is able to reconcile several of the means.

In particular, it matches both the high net leverage of the old firms and the much lower net

leverage of the young firms. As before, the model fails to match the level of average dividends,

with the model producing much higher dividends than those in the data. Nonetheless, the

model implies dividends that are higher for small than for large firms, as is the case in the
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data. The parameter estimate in Panel B are also of interest, with the smaller firms having

a much higher estimate for the variance of the z shock, as well as a much lower initial capital

stock. Both of these results make sense in that smaller firms typically operate in a much

more uncertain environment. They are also more likely, a priori, to be earlier in their lifecycle

and thus face financial constraints, which is what a low value for k0 produces in the model.

5.2 Industry Estimation

To take a finer cut at the data, we also estimate the model on the six two-digit industries

for which we have the most data: Oil and Gas (13), Food (20), Chemicals (28), Machinery

(35), Electronics (36), and Instrumentation (38). The results are in Figure 3, which plots the

moments, and Table 3, which reports the parameter estimates. In Figure 3 we see that the

model can match the wide variation across industries in net leverage, from Oil and Gas with

with net leverage of 0.23 to Instrumentation with net leverage of 0.04. Interestingly, the low-

leverage industries have the lowest asset tangibility, as measured by the ratio of net property,

plant, and equipment to total asset, and the highest leverage industry, Oil and Gas, has the

highest measure of asset tangibility. This piece of ancillary evidence is comforting in that one

of the implications of our model is that collateral is one of the main determinants of leverage.5

Accompanying the high asset tangibility of the oil and gas industry is extremely high capital

expenditures, which our model can also match. Indeed, the model does an excellent job of

matching the wide variation in both investment and Tobin’s q across industries. However,

as in the case of our other estimations, the model fails to match the low dividend payout

observed in the data.

6 Counterfactuals

We now examine what would happen to optimal financing and investment if firms had

different fundamental characteristics than those implied by the parameter estimates from

5See also the models in Rampini and Viswanathan (2010, 2013), as well as the empirical evidence in
Erickson, Jiang and Whited (2013).
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Table 1. To this end, we consider a baseline simulated firm from the model without taxes. We

then investigate results of changing two key parameters: � and �c, which are the proportion

of the capital stock lost to the firm if it repudiates a contract and the corporate tax rate.

The results from these exercises are in Figures 4 and 6, which contain the counterfactuals

for leverage, investment, and dividends, respectively. To constrict each of these figures,

we pick a grid for the parameter in question. We then solve the model for each of the

different parameter values, simulate the model for 7000 firms over 50 time periods, and

then plot average leverage, investment, Tobin’s q, and dividends as functions of either the

parameter in question. We perform separate analyses for two groups of simulated firm-year

observations.“Young” firms are those in years 1-10 of life, and “old” firms are those in years

11 through 50.

One main result stands out in Figure 4. In the top panel we see that leverage is largely

unresponsive to taxes. The intuition is as follows. Taxes affect optimal choices via their

effects on the firm’s budget constraint and on the enforcement constraint. They do not

affect the rate at which lenders discount the payments they receive from firms. The large

effect of taxes seen in leverage models based on neoclassical investment models (Hennessy

and Whited 2005, 2007) operates largely via the effect of taxes on the rate of return on debt

relative to the firm’s discount rate. Here, in contrast, we have separated out the revenue

consequences of taxes from the discount rate consequences. The revenue consequences for old

firms are minimal. The dividend nonnegativity constraint does not bind, and the quantitative

effects of taxes on the enforcement constraint are tiny. Although the dividend nonnegativity

constraint does bind for young firms, because the enforcement constraint binds for them as

well, taxes again have little effect on their leverage.

Figure 4 contains one additional results. First, increasing the deadweight costs of repu-

diating a contract, � leads directly to higher leverage. This intuition lies in sharp contrast

to the traditional intuition that large default costs should lead to lower leverage. The differ-

ence is that if the firm can start over anew after contract repudiation with few consequences,

lenders have little incentive to extend the firm much credit. Equivalently, a higher level of �
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relaxes the collateral constraint.

Figure 5 contains our counterfactuals for investment. We see in the top panel that taxes

have a profound negative effect on investment, but only for young firms. The intuition is that

the young firms are growing at a rate much faster than the depreciation rate, so the negative

effect of taxes on the marginal product of capital affects them a great deal. In contrast,

the old firms are just replacing depreciated capital, so the effect of taxes on the marginal

product of capital has little effect on their optimal investment choices. In the bottom panel,

we see that increasing � (i.e. relaxing the enforcement constraint) leads to higher investment

for the young firms because they can grow at a higher rate if they can borrow more.

Figure 6 contains our counterfactuals for dividends, which are exactly the opposite of

those for investment. In the top panel, we find a strong positive effect of taxes on dividends

because the lower productivity of capital means that the dividend nonnegativity constraint

is less likely to bind.6 Of course, this effect is absent from in the older firms that already pay

dividends, so we see almost no effect. In the bottom panel, we see a small positive effect of

relaxing the enforcement constraint on dividends for the young firms because they grow to

a point at which they are unconstrained more quickly.

One concern with our analysis is that we have modeled the effects of taxes in such a

way that the lender’s discount rate remains unchanged in the face of taxes. Of course, if

tax rates are going to affect discount rates, it is hard to imagine that they would not have

similar effects on lenders’ and borrowers’ discount rates. Furthermore, the ratio of discount

rates enter the model’s first order conditions for optimal debt as a ratio, and the quantitative

effect on the enforcement constraint of a change is �C is likely to be tiny.

Nonetheless, one way to address this concern is to ascertain what happens when we

counterfactually vary the difference in the discount rates of the borrower and lender. Figure

7 contains the the counterfactual for leverage from varying �C−� from near zero to 0.01. We

see almost no leverage response. The intuition is that once �C exceeds �, the enforcement

6This sharp response is an artifact of our exclusion of dividend taxes in the model. When we do include
dividend taxes, this effect becomes strongly muted.
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constraint always binds, and the quantitative effect of �C on the enforcement is, in fact, tiny.

7 Conclusion

We have sought to deepen our understanding of whether and how corporate taxes affect

capital structure. We have therefore estimated a dynamic contracting model in which fi-

nancial constraints and capital structures arise endogenously as the result of contracting

frictions. This approach departs from much of the structural estimation literature, which

models financial constraints as exogenously.

Our main findings are twofold. First, a model without taxes fits the data as well as a

model with taxes. Second, when we parameterize the model according to our estimation

results, we find that counterfactually varying the corporate tax rate has almost no effect

on leverage. The literal intuition is that taxing the firm does not affect the rate at which

the lender discounts the principal and interest payments from the firms. More generally,

it is hard to imagine that taxation would change the relative discount rates of lenders and

firms. So the strong discount rate effects that operate in other partial-equilibrium capital

structure models are absent here. Further, taxes have almost no effect on the constraint that

allows the contract between the lender and the firm to be self-enforcing. In order for the

firm to want to repay its debt, it must be better off repaying than repudiating the contract.

The firm will want to repay only if the benefits from repayment are larger than the benefits

from repudiating the contract, shedding debt, and starting over with fewer resources. The

interest tax deduction makes shedding debt less attractive but it also makes the resources

lost in default less valuable. Our estimation results show that these two effects quantitatively

cancel each other out.

Although our results are not in accord with two recent studies that find effects of taxation

on capital structure (Heider and Ljungqvist 2012; Pérez-González, Panier and Villanueva

2012), the results are in line with the vast majority of empirical studies, which find no effects

of taxes on leverage (Graham 2007). The result is also in line with the recent evidence in

Graham, Leary and Roberts (2013) that the sharp tax increases of the 1940s were followed
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by only a gradual upward drift in leverage.

Estimating an optimal contracting model has given us a new perspective on the relative

importance of leverage versus agency issues for capital structure. We speculate that esti-

mating optimal contracting models can be used as bases for deepening our understanding of

a variety of corporate finance questions. One obvious candidate is executive compensation,

but others include managerial incentives in a conglomerate, mergers, and banking decisions.
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Appendix A

This appendix proves the propositions in the main text.

Proof of Proposition 1 We employ the technique in Abreu et al. (1990) to rewrite the se-
quential problem as a recursive problem.

Let x = {kj+1, {qj+1(z)}z∈Z}∞j=0 denote a sequence of capital stocks and state-contingent debt
holdings. For simplicity, we set



bounded for all



Lemma 2 (Factorization) Ṽ (s) = B(Ṽ )(s) for all s ∈ S.

Proof. We need to show that Ṽ (s) is self-generating. Pick v ∈ Ṽ (s) for any s ∈ S. Suppose
that v is generated by an allocation x(v) satisfying (A.2)-(A.4). We can construct an admissible
pair (g(s), U c(s)) such that g(s) = x0(v) and U c(s)(s1) = U(x(v|s1)). Thus, E(g(s), U c(s)) = v
and obviously the pair is admissible. Therefore, Ṽ (s) ⊆ B(Ṽ )(s). Using Lemma 1, we know
B(Ṽ )(s) ⊆ Ṽ (s). As a result, Ṽ (s) = B(Ṽ )(s).

After showing that the payoffs to the shareholders can the defined recursively as the sum of
the current dividend payout and the expected payoff from the next period onwards, we restate the
value of the optimal contract for the shareholders as a function Uopt(s),

Uopt = sup
v∈Ṽ (s)

v.

According to Lemmas 1 and 2, Uopt(s) can be rewritten as follows:

(P ) : Uopt(s) = sup
(g;Uc)

w0 − k′ + βC(1− φ)Eq(z′) + βEU c(s)(s′), (A.12)

where (g, U c) is admissible with respect to Ṽ at s. Next we prove the the maximum Uopt(s) exists
since Ṽ (s) is compact.

Lemma 3 If G has a compact graph, then B(G) has a compact graph.

Proof. 1) Boundedness. As G has a compact graph, U c(s) is then bounded. Because the state
variables s and the control variables g(s) are all bounded, B(G) has a bounded graph.

2) Closedness. Let {vn, sn}∞n=1 be a sequence in the graph of B(G) converging to (v, s). Thus,
we can find a sequence {gn, U c∗n }∞n=1 in which (gn, U

c∗
n ) is admissible with respect to G at S. U c∗n =

{U cn(wn(z), z)}z∈Z. wn(z) is the net wealth calculated from gn. This sequence belongs to a compact
set, thus we can find a convergent subsequence with a limit (g, U c∗). By the property of the limit,
we know (g, U c∗) satisfies conditions (A.6) and (A.7). By the continuation of E operator, we have
E(g, U c∗) = v. Thus, (v, s) is in the graph of B(G), that is, B(G) has a closed graph.

Lemma 4 If graph(G1) ⊆ graph (G2), then graph(B(G1)) ⊆ graph(B(G2)).

Proof. Because the domains of G1 and G2 itself are subsets of the domain of G2, the constraint
set defined by B(G1) is thus contained in that defined by B(G2).

Lemma 5 Ṽ has a compact graph.

Proof. Ṽ has a bounded graph because its domain is bounded below and above, so we can easily
construct an upper bound. For the closedness, we want to show that the graph of V equals to the
closure of its graph. Define the correspondence V1 such that graph(V1)=closure(graph(Ṽ )). Accord-
ing to the definition of closure, graph(V1)⊆ graph(V1). By Lemma 4, graph(B(Ṽ ))⊆ graph(B(V1)).
By Lemmas 1 and 2, graph(B(Ṽ ))=graph(Ṽ ). By Lemma 3, graph(B(V1)) is closed because V1 has a
compact graph. As graph(V1) is the smallest closed set containing graph(B(V1)), graph(V1)⊆graphB(V1).
Thus, V1 is self-generating and graph(V1) ⊆ graph(Ṽ ) according to Lemma 2. Thus, graph(V1) =
graph(Ṽ ) and Ṽ has a closed graph.

By Lemma 5, an optimal contract exists for each s. Next we will discuss conditions under
which Ṽ (s) is continuous in the state variables. Because Z has finite support, we can work with
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the vector Ud(s) ≡ (U c(s)(w1, z1), U
c(s)(w2, z2), . . . , U

c(s)(wN , zN )), where N = #Z, and wn =
znk
′� + (1 − δ)k′ − q′(z′), n ∈ 1, . . . , N . Similarly, we can define the diversion vector UD(s) ≡

(U c(s)(ŵ1, z1)U
c(s)(ŵ2, z2), . . . , U

c(s)(ŵN , zN )), where ŵn = zn(k′(1 − θ))� + (1 − δ)k′(1 − θ),
n ∈ 1, . . . , N . By rewriting the E operator defining the payoffs to the shareholders in terms of the
combinations of the continuation function and control variables, UD and Ud, the E operator is then
continuous in all their arguments.

Lemma 6 Ṽ is a continuous correspondence and Uopt is a continuous function.

Proof.

By Lemma 5, Ṽ has a compact graph thus Ṽ is upper hemicontinuous. Next we prove the lower
hemicontinuity. Pick v ∈ Ṽ (s) and a pair (g, Ud). E(g, Ud) = v. For any sequence sn → s, we
need to find an M and a sequence {vn}∞n=M such that vn → y and vn ∈ B(Ṽ )(sn) for n ≥ M .
The construction is as follows. Take sequences kn → k′ and q′n(z) → q′(z). For any ε > 0, due
to the continuity of the payoff function E, we can find δ1 > 0 and δ2 > 0 and a M1 such that
|kn − k′| < δ1 and |q′n(z) − q′(z)| < δ2 for any z and w − k′n + βC(1 − φ)Eq′n(z) > 0, we have
|E(gn, U

d(s))− E(g, Ud(s))| < ε/2 when n ≥M1. On the other hand, we can find an δ3 and a M2

such that |sn − s| < δ3, let Ud(sn) = Ud(s), we have |E(gn, U
d)(sn) − E(gn, U

d)(s)| < ε/2 when
n ≥ M2. By the triangle inequality, we have |E(gn, U

d)(sn) − E(g, Ud)(s)| < ε when n ≥ M =
max(M1,M2). By construction, we know (gn(sn), Udn(sn)) is an admissible pair of Ṽ at sn when
n ≥ M . Let vn = E(gn, U

d(sn)), we know vn → v when n ≥ M . Thus Ṽ is lower hemicontinous.
Thus, Ṽ is a continuous correspondence. By the maximum theorem, Uopt is then a continuous
function.

Lemma 7 Uopt(w, z) increases strictly with w for any z ∈ Z.

Proof. Pick w1 > w2 and any z ∈ Z. The constraint set of Uopt(w1, z) contains that of
Uopt(w2, z) as the non-negative dividend constraint is looser with a larger w1. Thus the objective
function Uopt(w1, z) > Uopt(w2, z).

Assumption 1 For any (w, z) ∈ S, the set {(k′, {q′(z′)})|w − k′ + βC(1− φ)Eq′(z′) ≥ 0; z′k′� +
k′(1− δ)− q′(z′) ≥ z′(k′(1− θ))� + k′(1− θ)(1− δ),∀z′ ∈ Z.} is non-empty.

By Assumption 1, there exists at least one admissible pair (g, Uopt) such that E(g, Uopt)(s) ∈ Ṽ (s).
With this assumption, we show that the optimal contract can be characterized in a recursive way.

Lemma 8 The continuation function Û c solving the program (P) from (A.12) equals to Uopt.

Proof. The proof proceeds by contradiction. Suppose (g, Û c) solving the program (P) with
Û c(s)(w′, z′) < Uopt(w′, z′) for some s and (w′, z′). g = (k′, {q′(z′)}). We next find a w̃ such
that Uopt(w̃, z′) = Û c(s)(w′, z′). Under Assumption 1, there always exists some Uopt(w0, z′) such
that Û c(s)(w′, z′) ≥ Uopt(w0, z′). Otherwise, we can construct a new function with U c(s)(w′, z′) =
Uopt(w0, z′). This new function generates a strictly higher payoff thus contradicts the fact of the
optimal Û c. Thus, we can apply the intermediate value theorem on the continuous function Uopt,
and w̃ is then well-defined. As Uopt(w′) > Uopt(w̃), w′ > w̃. By fixing k̃ = k′, we have q′(z′) < q̃(z′).
Let q̃(z) = q′(z) for z 6= z′. The pair ((k̃, {q̃(z)}), Uopt) is then admissible and generates a strictly
higher payoff that (g, Û c). That contradicts with the assumption that Û c solves the program (P).

30



Proof of Proposition 2 We want to prove that the enforcement constraint (A.7) can take the
form of a collateral constraint.

z0k0� + k0(1 � � ) � q0(z0) � z0(k0(1 � � )) � + k0(1 � � )(1 � � ); 8z0 2 Z: (A.13)

According to Lemma 7 and 8,V strictly increases with w. If the control variables satisfy (A.13),
(A.7) also holds becauseV increases withw given z0. On the other side, if (A.7) holds with some
set of control variables, (A.13) must be satis�ed, that is, w0 � ŵ. Suppose not, if w0 < ŵ, then
V(w0; z0) < V (ŵ; z0) as V strictly increases with the net wealth w, which is a contradiction.

Proof of Proposition 3 Now we show that the functional equation de�ned in (A.5)-(A.7)
has a solution. The �rst best problem is de�ned as

W (w; z) = max
k0;q0

w � k0+ � (1 � � )q0+ � (1 � � )EW (w0; z0); (A.14)

where w = zk� + k(1 � � ) � q. Applying the contraction mapping theorem and the theorem
of maximum, the �rst best problem has a unique solution, W , which is continuous and strictly
increases with the current net wealth w. De�ne the mapping T in the space of bounded and
continuous functions.

T(V )(w; z) = max
k0;q(z0)

w � k0+ � C (1 � � )Eq(z0) + � (1 � � )EV (w0(z0); z0) (A.15)

subject to constraints (A.6) and (A.7).
Using W as an initial guess, the sequence of functionsf Tn (W )g1

n=0 converges to a solution of
the mapping T. De�ne the operator L as follows:

L (V ) = max
k0;q(z0)

w � k0+ � C (1 � � )Eq(z0) + � (1 � � )EV (w0(z0); z0) (A.16)

subject to constraints (A.6) and (A.13). With the standard proof of the contraction mapping
theorem and the maximum theorem, theL operator has a unique �xed point V � , which is continuous
and strictly increases with w. By using W as an initial guess, we construct a sequencef L n (W )g1

n=0
convergent to V � . As W is a continuous function and strictly increases with w, every function
in f Tn (W )g1

n=0 increases strictly with w. We thus have L n (W ) = Tn (W ); 8n. f Tn (W )g1
n=0 then

converges toV � . Next we prove V � is a �xed point of T operator. BecauseT(V � ) = L(V � ) and
L(V � ) = V � , we haveT(V � ) = V � . That is, V � is a �xed point of the T operator.
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Appendix B

This appendix summarizes the numerical methods used to solve the model in the main text. The
basic procedure follows Proposition 3 by using value function iteration. As shown in Appendix A,
the model has a unique fixed point if a solution exists under a specific parameterization, so it is
important to check the existence of a solution.

The main idea is to search for a set of feasible boundaries of net wealth w, the capital stock
k, and debt q such that the model has a well-defined solution, given a specific parameterization.
If we can find these boundaries, the model has a solution numerically. We use the enumeration
method to search for these boundaries. In particular, the upper bound of k, k̄, can be derived from
the first-best solution. By fixing the lower bound of q, q, the upper bound of w ,w̄, can be derived
using k̄ from the definition of the wealth. The upper bound of debt, q̄, can be also be derived from
w and k. Thus, we only need to search for the feasible values of w and k in addition to q. The
details of this computational method are as follows:

(a) We first define the sets of possible values of w and k. As w and k are both strictly positive8,
we set the lower bounds of w and k to be small positive numbers. The upper bounds of w
and k can be derived from the first-best solution. Then, the possible values of w and k are
divided into two vectors each with 30 equal-spaced grid points. As a starting point, we let
q = 0.

(b) Next we search over the two vectors for w and k in an ascending order. Give one set of
boundaries, the state space of w has 32 equal-spaced grids. The control space of k has 100
equally spaced grids. The control space of q(z′) has 80 equally spaced grids. We then re-
compute the first-best case as an initial guess. The AR(1) process of the idiosyncratic shock
is discretized using using the algorithm in Tauchen and Hussey (1991) with the number grid
points equal to 3.

(c) We then iterate the value function for 11 times. The value function iteration method is
described in detail below. During this process, there are two criteria to quit the iteration
process and proceed to the next possible boundaries: First, the constraint set is empty for
at least one pair of grids (w, z); Second, at least one of the policy functions hits the lower
bound of k or the upper bound of q(z′). The search process will then go back to step (b) and
repeat this process for the next set of boundaries. If the iteration survives after 11 times, we
proceed to step (d).

(d) If steps (b) through (c) do not produce a feasible set of boundaries, the procedure for finding
boundaries then stops. If steps (b) through (c) produces one feasible pair of w and k but the
lower bound of q is hit by the policy function for optimal debt, q needs to be updated and
the procedure goes back to step (a). Otherwise, we say the procedure find a feasible set of
boundaries.

If the above procedure does find a set of feasible boundaries, we then keep solving the Bellman
equation using the value function iteration method and accelerating the process with McQueen
Porteus bounds. At each grid point of the state space, the maximum is achieved by searching the
control spaces of k and {q(z′)} plus two extra sets of possible control variables. One set of control
variables is associated with all the binding enforcement constraints where k′ belongs to the grids of

8See Lemma 6 in Rampini and Viswanathan (2013).
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the control space. The other set of control variables is associated with all the binding enforcement
constraints and the binding non-negative dividend constraint. In the later case, the binding non-
negative dividend constraint is transformed into one equation with one unknown k′. We then use
bisection method to solve for the zero root. The off-grid value of w is interpolated using a cubic
spline with a “not-a-knot” condition as stated in Khan and Thomas (2008).
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Appendix C

We now give a brief outline of the estimation procedure, which draws from Ingram and Lee (1991)
Duffie and Singleton (1993), but which is adapted to our panel setting. Suppose we have J variables
contained in the data vector xit, i = 1, . . . , n; t = 1, . . . , T . We assume that the J × T matrix xi is
i.i.d., but we allow for possible dependence among the elements of xi. Let yitk (b) be a data vector
from simulation k, i = 1, . . . , n, t = 1, . . . , T , and k = 1, . . . ,K. Here, K is the number of times
the model is simulated, i.e. the simulated sample size divided by the actual sample size).

The simulated data, yitk (b) , depend on a vector of structural parameters, b. In our application
b ≡
(δ, α, ρ, σz, φ, θ, k0, βC − β). The goal is to estimate b by matching a set of simulated moments,
denoted as h (yitk (b)), with the corresponding set of actual data moments, denoted as h (xit). Our
moments are listed in the text, and we denote the number of moments as H. Define the sample
moment vector

g (xit, b) = (nT )−1
n∑
i=1

T∑
t=1

[
h (xit)−K−1

K∑
k=1

h (yitk (b))

]
.

The simulated moments estimator of b is then defined as the solution to the minimization of

b̂ = arg min
b
g (x, b)′ Ŵg (x, b) ,

in which Ŵ is a positive definite matrix that converges in probability to a deterministic positive
definite matrix W .

Our weight matrix, Ŵ , differs from that given in Ingram and Lee (1991). First, we calculate it
using the influence function approach in Erickson and Whited (2002). Second, it is not the optimal
weight matrix, and we justify this choice as follows. First, because our model is of an individual
firm, we want the influence functions to reflect within-firm variation. Because our data contain a
great deal of heterogeneity, we therefore demean each of our variables at the firm level and then
calculate the influence functions for each moment using the demeaned data. We then covary the
influence functions (summing over both i and t) to obtain an estimate of the covariance matrix of
the moments. The estimated weight matrix, Ŵ , is the inverse of this covariance matrix. Note that
the weight matrix does not depend on the parameter vector, b.

Two details regarding this issue are important. First, neither the influence functions for the
autocorrelation coefficients nor the coefficients themselves are calculated using demeaned data
because we obtain them using the double-differencing estimator in Han and Phillips (2010). Thus,
we remove heterogeneity by differencing rather than by demeaning. Second, although we cannot
use firm-demeaned data to calculate the means in the moment vector, we do use demeaned data
to calculate the influence functions for these moments. Otherwise, the influence functions for the
means would reflect primarily cross sectional variation, whereas the influence functions for the rest
of the moments would reflect within-firm variation. In this case, the estimation would put the least
weight on the mean moments, which does not appear to be a sensible economic objective.

The above described weight matrix does achieve our goal of reflecting within-firm variation.
However, it does not account for any temporal dependence in the data. We therefore calculate
our standard errors using the optimal weight matrix, which is the inverse of a clustered moment
covariance matrix. We calculate the estimate of this covariance matrix, denoted Ω̂, as follows.
Let φit be the influence function of the moment vector g(xit, b) for firm i at time t. φit then has
dimension H. Note that this influence function is of the actual moment vector g(xit, b), which
implies that we do not use demeaned data to calculate the influence functions for the means or
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autocorrelation coefficients, but that we do use demeaned data to calculate the rest of the moments.
The estimate of Ω is

1

nT

n∑
i=1

(
T∑
t=1

φit

)(
T∑
t=1

φit

)′
Note that this estimate does not depend on b. Note also that if we were to use demeaned data, the
elements corresponding to the mean moments would be zero.

The standard errors are then given by the usual GMM formula, adjusted for simulation error.
Letting G ≡ ∂g(xit, b)/∂b, the asymptotic distribution of b is

avar(b̂) ≡
(

1 +
1

K

)[
GWG′

]−1 [
GWΩWG′

] [
GWG′

]−1
.
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Table 1: Simulated Moments Estimation

Calculations are based on a sample of nonfinancial firms from the annual 2012 COMPUSTAT industrial files. The sample

period is from 1964 to 2011. The estimation is done with SMM, which chooses structural model parameters by matching the

moments from a simulated panel of firms to the corresponding moments from the data. The table contains estimates from

two models: one without corporate taxation and one with both taxation of corporate income and an interest tax deduction.

Panel A reports the simulated and actual moments and the clustered t-statistics for the differences between the corresponding

moments. Panel B reports the estimated structural parameters, with clustered standard errors in parentheses. δ is the rate of

capital depreciation. α is the curvature of the profit function. ρz and σz are the serial correlation and the standard deviation

of the innovation to the profitability shock. φ is the exogenous exit rate. θ is fraction of the capital stock lost when a contract

is repudiated. k0 is the initial capital stock. βC − β is the difference in discount factors between lenders and borrowers.

A. Moments
No Taxes Taxes

Actual Simulated T-Statistic Simulated T-Statistic
Average net debt 0.150 0.136 0.513 0.151 -1.554
Variance of net debt 0.021 0.000 4.342 0.000 3.533
Serial correlation net debt 0.847 0.860 0.403 0.767 2.078
Average investment 0.104 0.091 1.902 0.073 3.563
Variance of investment 0.004 0.009 -4.586 0.006 -5.731
Serial correlation investment 0.567 0.694 -0.284 0.560 0.036
Average profits 0.155 0.161 -0.443 0.160 -1.678
Variance of profits 0.006 0.000 3.870 0.000 3.960
Serial correlation profits 0.710 0.702 0.026 0.767 -0.281
Average Tobin’s q 2.453 2.531 -0.278 2.456 -0.105
Average distributions 0.028 0.075 -9.848 0.059 -7.423
Variance of distributions 0.001 0.004 -5.645 0.003 -6.399

B. Parameter estimates
δ α ρz σz φ θ k0 βC − β

No Tax
0.018 0.505 0.492 0.027 0.020 0.132 19.502 0.002

(0.004) (0.001) (0.106) (0.001) (0.004) (0.007) (0.255) (0.032)
Taxes

0.021 0.458 0.499 0.054 0.000 0.145 15.028 0.018
(0.007) (0.001) (0.100) (0.022) (0.006) (0.015) (0.503) (0.030)
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Table 2: Simulated Moments Estimation: Small versus Large Firms

Calculations are based on a sample of nonfinancial firms from the annual 2012 COMPUSTAT industrial files. The sample

period is from 1964 to 2011. The estimation is done with SMM, which chooses structural model parameters by matching

the moments from a simulated panel of firms to the corresponding moments from the data. The table contains estimates

from the model with corporate taxation, and the sample is split into firms below and above the median real, 2002, asset size.

Panel A reports the simulated and actual moments and the clustered t-statistics for the differences between the corresponding

moments. Panel B reports the estimated structural parameters, with clustered standard errors in parentheses. δ is the rate of

capital depreciation. α is the curvature of the profit function. ρz and σz are the serial correlation and the standard deviation

of the innovation to the profitability shock. φ is the exogenous exit rate. θ is fraction of the capital stock lost when a contract

is repudiated. k0 is the initial capital stock. βC − β is the difference in discount factors between lenders and borrowers.

A. Moments
Small Large

Simulated Actual T-Statistic Simulated Actual T-Statistic
Average net debt 0.119 0.121 1.876 0.168 0.179 2.719
Variance of net debt 0.000 0.021 3.962 0.000 0.017 2.724
Serial correlation net debt 0.867 0.878 1.376 0.804 0.806 1.229
Average investment 0.080 0.105 2.038 0.082 0.103 2.575
Variance of investment 0.006 0.004 -4.719 0.002 0.003 1.751
Serial correlation investment 0.497 0.546 0.271 0.504 0.597 0.737
Average profits 0.149 0.143 -1.233 0.168 0.167 -1.049
Variance of profits 0.000 0.006 4.449 0.000 0.005 3.010
Serial correlation profits 0.729 0.726 -0.019 0.494 0.686 1.152
Average Tobin’s q 2.782 2.539 -1.874 3.001 2.944 -1.248
Average distributions 0.052 0.022 -8.613 0.091 0.033 -5.406
Variance of distributions 0.003 0.001 -4.401 0.001 0.001 -0.554

B. Parameter estimates
δ α ρz σz φ θ k0 βC − β

Small
0.019 0.484 0.675 0.077 0.000 0.116 15.171 0.016

(0.004) (0.032) (0.068) (0.013) (0.002) (0.015) (5.110) (0.034)
Large

0.023 0.441 0.753 0.019 0.001 0.161 22.618 0.006
(0.005) (0.049) (0.201) (0.019) (0.003) (0.017) (2.070) (0.030)
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Table 3: Industry Parameter Estimates

Calculations are based on a sample of nonfinancial firms from the annual 2012 COMPUSTAT industrial files. The sample

period is from 1964 to 2011. The estimation is done with SMM, which chooses structural model parameters by matching the

moments from a simulated panel of firms to the corresponding moments from the data. The table contains the parameter

estimates from estimations done on several industries. We estimate the model with taxes. δ is the rate of capital depreciation.

α is the curvature of the profit function. ρz and σz are the serial correlation and the standard deviation of the innovation to

the profitability shock. φ is the exogenous exit rate. θ is fraction of the capital stock lost when a contract is repudiated. k0

is the initial capital stock. βC − β is the difference in discount factors between lenders and borrowers. Clustered standard

errors are in parentheses.

δ α ρz σz φ θ k0 βC − β
Oil and Gas (13)

0.065 0.502 0.407 0.040 0.003 0.217 14.548 0.016
(0.015) (0.268) (0.006) (0.042) (0.049) (0.043) (5.248) (0.023)

Food (20)
0.030 0.541 0.453 0.045 0.011 0.169 22.520 0.012

(0.012) (0.397) (54.976) (0.075) (0.063) (0.064) (73.596) (0.028)
Chemicals (28)

0.022 0.484 0.374 0.099 0.000 0.075 14.767 0.017
(0.012) (0.040) (0.081) (0.065) (0.016) (0.045) (8.934) (0.010)

Machinery (35)
0.023 0.497 0.518 0.043 0.000 0.082 24.158 0.017

(0.011) (0.092) (0.016) (0.029) (0.005) (0.039) (0.200) (0.136)
Electronics (36)

0.022 0.626 0.438 0.077 0.016 0.041 20.807 0.001
(0.014) (0.002) (0.080) (0.017) (0.014) (0.004) (0.183) (0.292)

Instrumentation (38)
0.040 0.471 0.735 0.043 0.000 0.057 17.925 0.010

(0.015) (0.000) (0.394) (0.011) (0.014) (0.027) (18.355) (0.226)
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Figure 1: Policy Functions: No Tax Model
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Bad State Policy Functions

This figure depicts the policy functions for the model of Section 2, with the corporate tax rate set to zero and

with all other parameters from the estimation of the no-tax model on the full sample. All of the variables are

scaled by the unconstrained steady-state capital stock. The top panel depicts the policy functions for the best

possible current state, and the bottom panel depicts the policy functions for the worst possible current state. The

horizontal axis contains net wealth. On the left axis are dividends and debt contingent on a low future state, a

medium future state, and a high future state. On the right axis is the capital stock.
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Figure 2: Policy Functions: Tax Model
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Bad State Policy Functions

This figure depicts the policy functions for the model of Section 2, with the corporate tax rate set to 0.2 and

with all other parameters from the estimation of the no-tax model on the full sample. We use the no-tax model

parameters for comparability with Figure 1. All of the variables are scaled by the unconstrained steady-state

capital stock. The top panel depicts the policy functions for the best possible current state, and the bottom panel

depicts the policy functions for the worst possible current state. The horizontal axis contains net wealth. On the

left axis are dividends and debt contingent on a low future state, a medium future state, and a high future state.

On the right axis is the capital stock.
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Figure 3: Moments from Industry Estimations
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Calculations are based on a sample of nonfinancial firms from the annual 2012 COMPUSTAT industrial files. The

sample period is from 1964 to 2011. The sample is split into six industry groups. SIC13 is oil and gas extraction;

SIC20 is food products; SIC28 is chemicals and allied products; SIC35 is machinery and computer equipment;

SIC36 is electronic and electrical equipment; and SIC38 is measuring instruments; SIC50 is wholesale trade; and

SIC73 is business services. The estimation is done with SMM, which chooses structural model parameters by

matching the moments from a simulated panel of firms to the corresponding moments from the data. This figure

plots data averages versus simulated averages for four variables: leverage, the rate of investment, Tobin’s Q, and

dividends.
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Figure 4: Counterfactuals: Leverage
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This figure is constructed as follows. We pick a grids for θ, the fraction of the capital stock lost to the firm when it

repudiates a contract, and τc, the corporate tax rate. We then solve the model for each of the different parameter

values, simulate the model for 50 time periods, and then plot average leverage. We use a parameterization that is

the average of the parameter estimates from Table 1. “Young” firms are those in the first 10 periods of life, and

“old” firms are those in periods 11 to 50.
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Figure 5: Counterfactuals: Investment
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This figure is constructed as follows. We pick a grids for θ, the fraction of the capital stock lost to the firm when it

repudiates a contract, and τc, the corporate tax rate. We then solve the model for each of the different parameter

values, simulate the model for 50 time periods, and then plot average investment. We use a parameterization that

is the average of the parameter estimates from Table 1. “Young” firms are those in the first 10 periods of life, and

“old” firms are those in periods 11 to 50.
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Figure 6: Counterfactuals: Dividends
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This figure is constructed as follows. We pick a grids for θ, the fraction of the capital stock lost to the firm when it

repudiates a contract, and τc, the corporate tax rate. We then solve the model for each of the different parameter

values, simulate the model for 50 time periods, and then plot average dividends. We use a parameterization that

is the average of the parameter estimates from Table 1. “Young” firms are those in the first 10 periods of life, and

“old” firms are those in periods 11 to 50.
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Figure 7: Counterfactuals: Difference in Discount Factors
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This figure is constructed as follows. We pick a grid for βC − β, the difference between the lender’s and the firm’s

discount factors. We then solve the model for each of the different parameter values, simulate the model for 50

time periods, and then plot average leverage. We use a parameterization that is the average of the parameter

estimates from Table 1. “Young” firms are those in the first 10 periods of life, and “old” firms are those in periods

11 to 50.
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