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Abstract

This thesis studies different aspects of firm decisions by using a dynamic model. I

estimate a dynamic model of the firm based on the trade-off theory of capital struc-

ture that endogenizes investment, leverage, and payout decisions. For the estimation

of the model I use Efficient Method of Moments (EMM), which allows me to recover

the structural parameters that best replicate the characteristics of the data. I start

analyzing the question of whether target leverage varies over time. While this is a

central issue in finance, there is no consensus in the literature on this point. I pro-

pose an explanation that reconciles some of the seemingly contradictory empirical

evidence. The dynamic model generates a target leverage that changes over time and

consistently reproduces the results of Lemmon, Roberts, and Zender (2008). These

findings suggest that the time-varying target leverage assumption of the big bulk of

the previous literature is not incompatible with the evidence presented by Lemmon,

Roberts, and Zender (2008). Then I study how corporate income tax payments vary

with the corporate income tax rate. The dynamic model produces a bell-shaped re-

lationship between tax revenue and the tax rate that is consistent with the notion of

the Laffer curve. The dynamic model generates the maximum tax revenue for a tax

rate between 36% and 41%. Finally, I investigate the impact of financial constraints

on investment decisions by firms. Model results show that investment-cash flow sen-

sitivity is higher for less financially constrained firms. This result is consistent with

Kaplan and Zingales (1997). The dynamic model also rationalizes why large and

mature firms have a positive and significant investment-cash flow sensitivity.
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Chapter 1

Financial Frictions and Capital Structure

Choice: A Structural Dynamic Estimation

1.1 Introduction

The trade-off theory of capital structure suggests that, by analyzing the costs and

benefits of debt, optimizing firms should be able to select the target debt-equity

ratios that maximize their value. This theory predicts that when firms deviate from

their optimal leverage, they will return to their target level. The literature has two

seemingly opposite positions regarding the evolution of target leverage over time.

Hovakimian, Opler, and Titman (2001), Flannery and Rangan (2006), and Huang and

Ritter (2009) suggest that target leverage is time-varying because firm characteristics

and market conditions change over time. On the contrary, Lemmon, Roberts, and

Zender (2008) argue that firms rebalance their leverage ratios toward a largely time-

invariant target, and that time-dependent firm characteristics play a small role in

the determination of target leverage. Furthermore, the speed of mean-reversion of

leverage is still subject to great debate in the literature.1

By estimating a dynamic structural firm model based on the trade-off theory of

capital structure, I study the leverage decisions made by the value maximizing firm. I

find that target leverage varies over time, as Hovakimian, Opler, and Titman (2001),

Flannery and Rangan (2006), and Huang and Ritter (2009) suggest. However, I also

find that leverage decisions oscillate around a constant level (that is, they are mean-

1See Fama and French (2002), Flannery and Rangan (2006), Lemmon, Roberts, and Zender

(2008), and Huang and Ritter (2009).



13

reverting), which generates the results of Lemmon, Roberts, and Zender (2008). In

other words, leverage decisions generated by the dynamic model suggest that the

apparently contradictory positions can reflect different views of the same decision

making process.

I reproduce the experiments of Lemmon, Roberts, and Zender (2008) and I find

that the dynamic model consistently replicates their results. However, I provide

a different explanation for the observed convergence of leverage to more moderate

levels over time. In the dynamic model, this pattern of leverage is largely due to

the fact that leverage decisions are a function of a mean-reverting profitability shock.

This mean-reverting property is inherited by leverage and, when averaged into the

four portfolios described by Lemmon, Roberts, and Zender (2008), is the cause of the

slow decay of leverage to more moderate ratios over time. That is, mean-reversion

of leverage in the dynamic model is mechanical and not the result of firms actively

trying to rebalance their leverage ratios back to a largely constant target.

Lemmon, Roberts, and Zender (2008) also find that while leverage tends to mod-

erate, it is persistent, that is, firms with relatively high (low) leverage tend to keep

relatively high (low) leverage for long periods of time. They find that unobserved firm

characteristics are the most important determinants of leverage decisions and show

up as important firm-specific fixed effects in leverage regressions. Thus, they suggest

that those unobserved firm characteristics are the cause of the observed persistence. I

use the structural approach to better understand this phenomenon. I reproduce their

experiments, but when I control for all sources of heterogeneity among firms I find

that the persistence of leverage completely disappears.

Finally, I find that, for the firms in the panel, book leverage mean-reverts to the

long-run constant level at a speed of 33.50% per year - implying a half-life of 1.70

years. This estimate is close to the empirical evidence of Flannery and Rangan (2006)

and DeAngelo, DeAngelo and Whited (2010), who suggest speeds of adjustment of

34.40% and 37.80% per year, respectively.
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I build the dynamic firmmodel using the trade-off theory of capital structure. This

theory starts with the irrelevance proposition of Modigliani and Miller (1958), which

shows that the value of the firm is independent of its capital structure when the firm’s

investment policy is fixed and there are no taxes and contracting costs. Since that

result, researchers have relaxed some of the assumptions and studied whether capital

market frictions create a link between firm value and financing decisions. Modigliani

and Miller (1963) show that the interest tax shield created by debt increases firm

value, and thus it may be beneficial for firms to issue debt. Furthermore, Jensen and

Meckling (1976) and Jensen (1986) show that agency conflicts between managers and

shareholders lead managers to misuse free cash flows in unprofitable investments and

excessive personal benefits. By increasing debt, these agency costs can be reduced

because managers are forced to pay out a larger proportion of the free cash flows as

interest.

However, issuing debt may also imply some costs. Kraus and Litzenberger (1973)

suggest that increasing debt implies higher expected bankruptcy costs, which reduces

firm value. In addition, Jensen and Meckling (1976) and Myers (1977) show that

the issuance of risky debt induces agency problems between shareholders and bond-

holders, such as underinvestment, asset substitution and excessive dividends. Thus,

issuing debt might also reduce firm value.

According to the trade-off theory, firms should weigh the costs and benefits of debt

in order to select the target leverage that maximizes their value. Furthermore, the

theory also makes similar optimizing predictions about dividends, that is, firms should

choose dividend levels that maximize their value, which occurs when the marginal

benefit of dividends just offsets the marginal cost.

An alternative explanation of financing decisions is the pecking order theory de-

veloped by Myers (1984). The basic assumption of this theory is that asymmetric

information problems between managers and investors overwhelm the trade-off forces.

However, if the costs of issuing new securities do not overpower those forces, then the
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trade-off theory survives and includes asymmetric information problems as one of the

forces that define optimal leverage and dividends.

Historically, studies of capital structure decisions have used static specifications.

Since empirical support for the static trade-off hypothesis is not strong (e.g., Titman

and Wessels (1988), Shyam-Sunder and Myers (1999), Welch (2004)), this paper adds

the dynamic dimension to the model.2 Lemmon, Roberts, and Zender (2008) suggest

the use of a dynamic structural model to address leverage decisions. They regress

leverage on traditional determinants of financing decisions, such as profitability and

the market-to-book ratio, and find that most of the variation in leverage is explained

by unobserved firm-specific fixed effects. They suggest that structural modeling is

a natural way to address unobserved heterogeneity. In addition, they find that con-

vergence over time of leverage ratios is partially explained by active management of

leverage toward desired levels, and argue that a dynamic model can rationalize this

behavior. Dynamic models are a more sensible representation of the firm’s decision

making process, as opposed to static ones. First, dynamic models capture the fact

that a firm’s choices depend on its history of states, which is the outcome of the

idiosyncratic uncertainty faced by the firm in the past, and the decisions it made in

consequence. Second, these models also treat firms as forward-looking agents, that

is, firms consider the impact of current investment, leverage, and payout decisions on

future states and decisions.

Therefore, I estimate a dynamic structural model that explicitly captures the

effect of leverage on firm value introducing the benefits (i.e., interest tax shields) and

2Other papers in corporate finance use dynamic structural models to study different aspects

of firm decisions. Brennan and Schwartz (1984), Fisher, Heinkel, and Zechner (1989), Goldstein,

Ju, and Leland (2001), Strebulaev (2007), Titman and Tsyplakov (2007), Tserlukevich (2008) use

continuous time models. Moyen (2004, 2007), Hennessy and Whited (2005, 2007), Gamba and

Triantis (2008), Riddick and Whited (2008), DeAngelo, DeAngelo, and Whited (2010) use discrete

time models.
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costs (i.e., costs of financial distress) of debt. I include costs of external financing

to rationalize the direct evidence of the importance of these expenses, as reported

by Altinkilic and Hansen (2000). I also introduce partial reversibility of capital to

generate a positive asymmetry in the distribution of investment rates, as documented

by Cooper and Haltiwanger (2006) at the firm level.

One of the biggest benefits of the structural approach is the ability to do sensitivity

analysis. In the dynamic model, every period the firm chooses the level of leverage

that maximizes its value. The determination of leverage in the model includes the

costs of adjustment, namely, debt and equity issuance costs. Therefore, I do sensitivity

analysis and study the evolution of leverage decisions over time when there are no

adjustment costs. This experiment allows me to recover the target leverage and study

its evolution over time. I find that target leverage varies over time and fluctuates

around a long-run constant level. Furthermore, the speed of mean-reversion of book

leverage is now 50.48%, which means a half-life of about 0.99 years. This higher speed

implies that, with no issuance costs, the firm adjusts its leverage to exogenous shocks

(e.g., profit shocks) in a faster way. The previous results also imply that firms in the

dynamic model do not have a constant target in the long-run sense toward which they

try to adjust their current leverage. Hennessy and Whited (2005) develop a dynamic

model and also find that there is no target leverage in the long-run sense. Nevertheless,

Graham and Harvey (2001), Leary and Roberts (2005), Hovakimian (2006), Kayhan

and Titman (2007), and Lemmon, Roberts, and Zender (2008) suggest that mean-

reversion of leverage is partly due to the active attempt of firms to maintain their

leverage ratios relatively close to the target level. DeAngelo, DeAngelo and Whited

(2010) estimate a dynamic model in which firms move temporarily away from target

by issuing transitory debt to take advantage of investment opportunities. They find

that firms have a target leverage in the long-run sense.

I also study the consistency of the dynamic model with respect to predictions of

the trade-off theory of capital structure and the empirical evidence. The trade-off
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theory predicts that more profitable firms have higher leverage. In agreement with

the theory, the dynamic model generates a positive relationship between leverage and

profitability. However, this prediction is in contrast with the evidence of Titman and

Wessels (1988), Rajan and Zingales (1995), Hovakimian, Opler, and Titman (2001),

Fama and French (2002) and Flannery and Rangan (2006) that more profitable firms

have, in fact, less leverage. Hennessy and Whited (2005) also report a negative

relationship between leverage and profitability.

The model also generates a negative relationship between leverage and investment

opportunities, which is consistent with the prediction of the trade-off theory and the

empirical evidence of Hovakimian, Opler, and Titman (2001), Fama and French (2002)

and Lemmon, Roberts, and Zender (2008). Hennessy and Whited (2005) also find a

negative relationship between leverage and investment opportunities.

Also confirming the trade-off theory, the dynamic model generates a negative

relationship between leverage and both dividends and non-debt tax shields such as

depreciation. Results reported by Hovakimian, Opler, and Titman (2001), Fama and

French (2001, 2002), Flannery and Rangan (2006), and Lemmon, Roberts, and Zender

(2008) agree with these predictions.

Regarding dividend decisions, the dynamic model generates a positive relationship

between dividends and profitability, and a negative relationship between dividends

and investment opportunities. These results are consistent with the predictions of

the trade-off theory and the empirical evidence of Fama and French (2001, 2002).

I also analyze the impact of changes in the corporate income tax rate on the

optimal policies generated by the firm model. Specifically, I investigate the evolution

of corporate income tax payments and leverage decisions as the government changes

the tax rate. I find that as the tax rate increases, income tax revenues initially

increase, but after some point income tax payments start to decrease. That is, the

model generates a bell-shaped relationship between tax revenue and the tax rate

that is consistent with the notion of the Laffer curve. Furthermore, I study how
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taxes impact leverage decisions. Corporate income taxes are a key part of the trade-

off theory of capital structure. According to this theory, a higher income tax rate

increases optimal leverage. Consistently with this prediction, optimal leverage in the

dynamic model increases with the tax rate.

The last section of this dissertation investigates the effects of financial constraints

on firm decisions. In particular, I study the impact of financial constraints on invest-

ment decisions in the context of the debate between Fazzari, Hubbard, and Petersen

(1988) and Kaplan and Zingales (1997). The optimal policies generated by the dy-

namic model support the results of Kaplan and Zingales (1997) in the sense that

investment-cash flow sensitivity is higher for less financially constrained firms.

From an econometric standpoint, I recover the structural parameters by using

the Efficient Method of Moments (EMM) developed by Gallant and Tauchen (1996).

EMM is a systematic approach for selecting moments when estimating a structural

model using Generalized Method of Moments (GMM). The key idea of this approach

is to match the moments implied by the structural model to the moments implied by

the data. The estimation method is particularly useful when the likelihood function

of the structural model does not have a closed form, but the dynamic system can be

easily simulated. This is exactly my situation.

EMM estimation can be regarded as a two-stage procedure. In the first stage, I

use a semi-nonparametric (SNP) density function to describe the statistical properties

of the data, namely, investment and leverage decisions. The outcome of this stage is

a family of density functions for the joint distribution of the data, and I choose the

one that best fits the sample in the most parsimonious way.

I recover the structural parameters of the dynamic firm model in the second stage.

These estimators are those that generate simulations of investment and leverage deci-

sions as close as possible to the observed data. The estimates of the structural para-

meters are consistent with findings in previous studies, have the correct sign according

to economic theory and are statistically significant. In particular, the estimates of
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the parameters that capture the costs of financial distress imply that these costs play

a very important role in the firm’s financing decisions and the determination of firm

value.

The paper is also related to the following articles. Cooley and Quadrini (2001)

study how financial-market frictions affect firm dynamics such as growth, job reallo-

cation, and exit. They show that the combination of persistent profitability shocks

and financial frictions can explain the dependence of firm dynamics on size and age.

In their model, financial-market frictions arise from costly equity issuance and dead-

weight bankruptcy costs while the debt is a one-period contract signed with a financial

intermediary. The model of risky debt in my paper builds on their debt model.

Hennessy and Whited (2005) develop a dynamic model of the firm and explain

empirical findings apparently inconsistent with the trade-off theory. For example,

they show that a rational model can generate results consistent with market timing

evidence. The main difference with my article is that I aim to study the evolution

of target leverage over time and its relationship with Lemmon, Roberts, and Zender

(2008). Hennessy and Whited (2007) use a dynamic model to estimate the costs

of external finance. They propose a dynamic model that endogenizes investment,

leverage, cash distributions, and default. Their paper is different from mine in that

their primary objective is to estimate the magnitude of bankruptcy costs and the

equity flotation costs. Gamba and Triantis (2008) simulate a dynamic model of

the firm under reasonable parameterizations. They study the value and optimal

management of financial flexibility.

Shyam-Sunder and Myers (1999) and Chang and Dasgupta (2009) suggest that

pecking order or random financing schemes, respectively, coupled with mean reversion

in cash flows can generate leverage patterns similar to those reported by Lemmon,

Roberts, and Zender (2008). This mean-reversion is called mechanical because it

is driven by the mean-reverting profit shocks, and not by the active efforts of the

firm to rebalance its leverage toward a largely constant level. In this paper, I have
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a financing scheme based on the trade-off theory of capital structure, coupled with

mean reversion in the profit shock. As I mentioned before, leverage inherits this

mean-reverting property from the shock. That is, the mean-reversion of leverage is

not induced by the active efforts of firms to rebalance their leverage to a constant

target. In this sense, the mean-reversion in this article is mechanical too.

The paper is organized as follows. Section 2 describes the model. In Section 3, I

describe the data used for estimation. Section 4 examines the EMM procedure and

presents the estimation results. In Section 5, I discuss the identification strategy.

Section 6 analyzes the predictions of the model about target leverage and presents

the main results of the paper. In Section 7, I study the consistency of the optimal

decisions generated by the model. Section 8 presents the results of sensitivity analysis

of corporate tax revenue with respect to the income tax rate, while Section 9 shows

the results of sensitivity analysis of investment decisions with respect to financial

constraints. Section 10 concludes.

1.2 The Model

The methodology I use to develop the model is discrete time, infinite horizon, stochas-

tic dynamic programming. The objective of the firm is to maximize its value, which

is achieved by maximizing the expected discounted sum of cash flows to investors

(debt-holders and shareholders). Before formally stating the maximization problem

of the firm, I start by carefully describing each of its components.

Agents are risk-neutral and use the risk-free rate of interest,  , as their discount

rate. State variables with primes indicate values in the next period, while state

variables with minus signs indicate values in the previous period. There are two

endogenous state variables: capital  and debt . The capital of the firm, , is used

for production and can vary over time because of investment decisions. In each period,

capital depreciates at a constant rate   0.
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The debt of the firm, , matures in one period and is rolled over every period.

This structure of debt is similar to a perpetual bond with a floating rate. The

total amount of debt can be increased or decreased over time according to the debt

decisions. The debt contract includes a positive net worth covenant by which if, in

any period, the value of the firm falls below the nominal value of the debt, the firm

goes into bankruptcy and is liquidated. Therefore, the bond yield required by debt-

holders will depend on the probability of bankruptcy. The impact of risky debt on

the determination of the bond yield will be fully explained below.

There is one source of uncertainty that drives the optimal policies of the firm, the

profitability shock, . This shock changes the marginal profitability of capital, making

it more or less attractive to invest. Therefore, high realizations of  are followed by

large investment decisions, and vice versa. I assume state variable  follows an AR(1)

process3

0 = +  + 0 (1.1)

where  is assumed to be an  truncated normal random variable with mean 0 and

variance 2. Therefore, shock  takes values in the compact set  = [ ].

The operating profits of the firm, ( ), depend on the capital in place, , and

the profitability shock, , in the following way

 ( ) =  (1.2)

where  ∈ (0 1). Equation (1.2) shows that the operating profit function is of

the Cobb-Douglas form with decreasing marginal profitability. Cooper and Ejar-

que (2003) argue that the function ( ) is a reduced form profit function that is

obtained after the firm maximizes over the flexible factors, such as labor.4 Decreasing

3It is common in the literature to assume  follows an AR(1) process in logs as in Gomes (2001),

Moyen (2004, 2007), Hennessy and Whited (2005, 2007). My choice of the process also allows for

negative shocks that might, eventually, make the firm go into bankruptcy.
4Cooper and Ejarque (2003) show that the reduced form profit function ( ) can be obtained
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marginal profits are likely to arise when firms compete in an imperfect way and/or

when firms have limited managerial or organizational resources. The former argument

is suggested by Hennessy and Whited (2005) while the latter is suggested by Lucas

(1978).

I assume issuing debt and equity is costly. This assumption incorporates the

evidence provided by Altinkilic and Hansen (2000) on the importance of underwriter

fees. Specifically, I assume the external finance cost function is


¡
 

¢
= 

 + 
 (1.3)

where  and  are the two decision variables. The former refers to debt reductions

(-) and increments (+) while the latter refers to equity payouts (-) and issuances (+).

Parameters  and  reflect the per-unit costs of issuing debt and equity, respectively.

The indicator function  equals 1 if 
  0, and 0 otherwise. Similarly, the indicator

function  equals 1 if 
  0, and 0 otherwise. I assume that the costs of external

finance can be deducted from earnings for tax purposes.

Cooper and Haltiwanger (2006) show that the investment rate distribution at the

micro-level is highly skewed to the right, and that a dynamic model that includes

capital irreversibility creates such a positive asymmetry. Accordingly, I introduce a

cost function of reversing capital

 (
0 ) = 

 || (1.4)

where  = 0−(1− ) is current investment and the indicator function  equals 1 if

  0, and 0 otherwise. Parameter  captures the per-unit costs of reversing capital.

in the following context: let  = − be the demand function where  is a demand shock and 

is the inverse of the demand elasticity, and let  = (1−) be the production function. Then

maximizing the profit function over the flexible factor, , leads to a reduced form profit function like

equation (1.2) where  reflects changes in demand, factor prices and technology. In that context,

parameter  is given by  = ( − 1)[(1 − )(1 − ) − 1], and it reflects both the elasticity of
demand and the marginal productivity of capital in the production function.
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I also assume that the costs of partial reversibility of capital can be deducted from

earnings for tax purposes.

Corporate earnings are taxed at rate  . Therefore, the firm’s net income is defined

by

 =
£
 ( )−  − 

¡
 

¢−  (
0 )− 

¡
  −

¢

¤
(1−  ) (1.5)

where (  
−) is the bond yield required by debt-holders during the last period.

It is noticeable that the bond yield  depends on the previous-period values of  (i.e.,

−). The reason for this will be shown below.

Equation (1.5) shows a key component of the dynamic model: the benefits of

debt created by the interest tax shield. Every period, the dynamic model trades-off

these benefits against the costs of debt (i.e., bankruptcy costs) and decides optimal

investment, leverage, and payout to shareholders. Therefore, these two components

capture the fundamental driving forces of the trade-off theory.

Finally, the internal cash flow of the firm is

 =  + 

=
£
 ( )−  − 

¡
 

¢−  (
0 )−  (  

−) 
¤
(1−  ) + 

(1.6)

and its utility in each period, or cash flow to investors, is


¡
   −  

¢
=  − +  (  

−) 

= − +  (  
−) − 

(1.7)

This is the cash flow received (+) or provided (-) by firm investors (i.e., debt-holders

and shareholders) in each period.

I now define the transition functions and state space of the two endogenous state

variables. The state equation of capital  satisfies the accounting cash-flow equation

and is defined as

0 =  (1− ) +  +  +  (1.8)
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The capital of the firm, , takes values in the compact set  =
£
0 
¤
where  is the

maximum level of capital. Following Gamba and Triantis (2008), I assume that under

the highest profitability shock, , capital  satisfies


¡
 
¢− ( + )  = 0 (1.9)

Intuitively, at capital level , operating profits just cover depreciation and the op-

portunity cost of capital. Therefore, it is not economically profitable to accumulate

capital to a level   

The transition function of debt  is defined as

0 = +  (1.10)

The variable  takes values in the compact set  =
£
0 
¤
.

The previous restrictions on the state space of  and  bind the decision variables

 and  to a compact set. Specifically,5

 ∈ £−  − 
¤
and  ∈ £− ( − )   − ( − )

¤
 (1.11)

I can now describe the dynamic behavior of the firm over time. During period

, the firm operated with capital  and had debt . At the end of period  (i.e.,

at moment ) the profitability shock  is realized and the complete state vector,

(   −), is available to determine the value of the firm. If that value is below the

nominal value of the debt, the firm goes into bankruptcy and is liquidated, that is,

the dynamic process stops. Otherwise, it continues in the business and selects  and

. These decisions maximize firm value and determine capital 0 and debt 0 to be

used during period + 1. Figure 1.1 shows the model’s time line.

The firm model in the present study is based on the trade-off theory of capital

structure, which suggests that the use of debt to finance investments has costs and

5This formulation of debt allows for the possibility that  = . However, this is without any loss

of generality because that event is never optimal in the dynamic model at the estimated values of

the parameters.
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benefits. In the model, the benefits of debt include the interest tax shield, while

the costs of debt include the expected bankruptcy costs. Thus, every period, after

the firm receives a profit shock, it reassesses the costs and benefits of debt in this

new state and determines the optimal leverage for the next period. Then, it adjusts

leverage (i.e., selects  and ) from the current ratio to the optimal level. Figure 1.2

shows firm value (normalized by the value of the all-equity firm) for different levels

of leverage after receiving a new profit shock. In that specific case, firm value would

be maximized at a leverage ratio of around 45%. Therefore, the firm in the dynamic

model would choose  and  so that leverage becomes 45% during the next period.

As stated above, the objective of the firm is to maximize its value, which is

achieved by maximizing the expected discounted sum of cash flows to investors.

Therefore, the maximization problem faced by the firm is

0 = sup
 





∞P
=0

1

(1 + )
 subject to    (1.12)

where 0 is the current value of the firm,  is the expectation given current informa-

tion (i.e., initial capital stock, debt and profitability shock), and  is defined as

 = 
¡
   −1   




¢
if   

 =  +1 = +2 =  = 0 if  ≤ 

(1.13)

where  is the liquidation value of the firm at moment  as described below by

equation (1.14). The interpretation of the maximization problem is as follows: every

period the firm must choose  and  in such a way that it maximizes the expected

discounted sum of cash flows to investors (this refers to the first line of equation

(1.13)). However, if in any period the value of the firm falls below the nominal value

of the debt, it goes into bankruptcy, receives its liquidation value and zero thereafter

(this refers to the second line of equation (1.13)).

The model assumes the debt is protected with a positive net worth covenant,

and thus the bankruptcy-triggering event consists in the value of the firm falling



26

below the nominal value of the debt. In that case, the firm goes into bankruptcy

and is liquidated. In this formulation of the model, bankruptcy would mean straight

liquidation under Chapter 7 of the Federal Bankruptcy Reform Act (FBRA) of 1978.

Accordingly, the (liquidation) value of the firm that goes into bankruptcy is


¡
   −

¢
=  = [ (1− ) + ] (1− ) (1.14)

where  = [ ( )− ] (1−  ) +  is the internally generated cash flow in

the period previous to bankruptcy and  reflects the direct costs of bankruptcy. In-

tuitively, the liquidation value of the firm is the realization into cash of total assets

(depreciated capital plus internal cash flow) minus the direct costs of bankruptcy.

Equation (14) shows another key component of the dynamic model: the costs of

debt created by the bankruptcy costs. Every period, the firm trades-off the benefits

of debt (i.e., the interest tax shield) against these costs of debt and decides opti-

mal investment, leverage, and payout to shareholders. As I mentioned before, these

two components represent the essential driving forces of the trade-off theory in the

dynamic model.

In the event of bankruptcy, the recovery amount accruing to debt claimants is

 (  ) = min { } = min {[ (1− ) + ] (1− )  }  (1.15)

Equation (1.15) means that the value accruing to debt-holders is the minimum be-

tween the liquidation value of the firm and the nominal value of the debt. Accordingly,

fair pricing of the debt requires the fulfillment of the following equation

0 =
1

1 + 

R
[(1− ) 

0 (1 + ) +  (
0 0 0)] (0 | ) . (1.16)

This equation means that debt-holders require a bond yield, , which equates the

nominal value of the debt (left-hand side) to the expected discounted payoff of debt

in next period (right-hand side). If the firm avoids bankruptcy, the debt payoff is the

nominal value plus the promised yield, 0 (1 + ). On the contrary, if the firm does go
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into bankruptcy, the debt payoff is the recovery amount,  (0 0 0). Furthermore,

the bond yield required by debt claimants can be solved for explicitly and is given by

 (
0 0 ) =

1 +  − 1
0
R
 (

0 0 0) (0 | )R
(1− ) (

0 | ) − 1 (1.17)

The last step to complete the dynamic model of the firm is to describe its recursive

formulation. Let  = (   −). Then, the value of the firm that does not go into

bankruptcy is given by the following Bellman equation6

 = sup
n

¡
   −  

¢
+ 1

1+

R
[(1− ) 

0 + 
0] (0 | )

o
subject to 0  0

(1.18)

where the indicator function  equals 1 if (
0 0 0 ) ≤ 0, and 0 otherwise. The

value function is the maximized value of the firm, namely, the maximized expected

discounted sum of cash flows to investors.

The implementation of the model is described in detail in Appendix I. Finally,

the discount factor is  = 1 (1 + ) and the complete vector of model parameters

is (      
     ).

1.3 Data

The data used in this study are from the yearly Standard & Poor’s Compustat indus-

trial files. The sample includes all firms in the database and covers the period 1988

to 2009. I choose to start the sample in 1988 to avoid the structural break implied

by the Tax Reform Act of 1986. To select the sample, I follow a procedure similar

to that of Hennessy and Whited (2007). I delete firm-year observations with missing

or negative data. Furthermore, I include in the sample only firms that have at least

two consecutive years of data. Finally, I exclude regulated, financial or public service

6The recursive formulation of the firm problem is equivalent to the maximization problem given

by equation (1.12).
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firms, that is, I exclude all firms whose primary SIC code is between 4900 and 4999,

between 6000 and 6999, or greater than 9000. After this procedure, the final sample

includes 14,465 different firms and 111,944 firm-year observations. The final sample is

an unbalanced panel with a minimum of 4,295 and a maximum of 6,457 observations

per year.

Data variables are defined in the following way: capital  is Book Assets - Total

(variable “at” or data item 6) and debt  is Liabilities - Total (variable “lt” or data

item 181). For estimation purposes, I compute the following two decision variables:

investment ratio, , and book leverage, . I choose the investment decision to be a ratio

because that allows me to homogenize the investment decision of firms of different

size. Therefore, these decision variables are computed as

 =
[0−(1−)]

(1−) = ++

(1−)

 = 0
0 =

+

(1−)+++ 
(1.19)

Table 1.1 shows summary statistics of the sample. The investment ratio decision

has a mean value of 44.53% per year, while the book leverage decision has a mean

value of 46.35%. Investment is generally positive, it has a right skew, and is lep-

tokurtic. These findings are consistent with the evidence documented by Cooper and

Haltiwanger (2006). By contrast, the distribution of book leverage is closer to the

normal distribution. Leverage skewness is slightly positive at 0.06537. Since leverage

is bounded between 0 and 1, its distribution is platykurtic.

The Jarque-Bera (1987) test takes the sample skewness and kurtosis and evaluates

the null hypothesis that the data are from a normal distribution. The Jarque-Bera

test statistic has an asymptotic chi-square distribution with two degrees of freedom

and the 90% critical value for a 2(2) random variable is 5.99. The large statistics,

1,620,612,973,856.78 for investment and 2,996.77 for book leverage, flatly reject the

normality assumption for both decisions.

Figures 1.3 and 1.4 graphically display the previous summary statistics of the mar-
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ginal distributions of investment and leverage decisions, respectively, for the sample.

Table 1.2 shows summary statistics for a subset of the sample. I eliminate observa-

tions with investment greater than 200% to make clear the distribution of investment

decisions around zero. After this filter, the subset of the sample has 109,049 firm-year

observations. These summary statistics can be graphically observed in Figures 1.5

and 1.6, which show the marginal distributions of investment and leverage decisions,

respectively, for the subset of the sample. It is apparent that the investment distrib-

ution is relatively smooth and skewed to the right, which is a feature that the model

should be able to reproduce.

1.4 Estimation

This section presents the estimates of the structural parameters of the dynamic model.

The estimation technique I use is the Efficient Method of Moments (EMM) developed

by Gallant and Tauchen (1996). The underlying idea of the methodology is to match

the moments generated by the simulation of the model to those implied by the ob-

served data. An important benefit of EMM is that I do not have any discretion in

the selection of the moments for the estimation of the structural model, that is, it

is a systematic approach for choosing moments when using Generalized Method of

Moments (GMM).

EMM estimation consists of two steps. In the first step, I characterize the statis-

tical properties of the data and select the density function that best fits the sample.

In the second step, I recover the structural parameters of the dynamic model.

1.4.1 Description of the Statistical Properties of the Data

I use the semi-nonparametric (SNP) density function, as proposed by Gallant and

Tauchen (1989), to describe the statistical features of the data (i.e., investment and

leverage decisions). The SNP density is a general-purpose model with which I generate
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a family of density functions for the joint distribution of the data. I then select the

density function that best characterizes the data in the most parsimonious way.

Appendix 2 describes the construction of the SNP density for the present study.

I find that the SNP density function that best fits the sample of investment and

leverage decisions is a bivariate normal density function with a VAR(1) structure for

the mean and an ARCH(3) structure for the variance. The significant conditional

heteroskedasticity parameters support the sample evidence that investment rate has

a kurtosis of 8.08297, well above that of the normal distribution, 3.

1.4.2 Estimation of Structural Parameters

In the second step, I estimate the vector of parameters of the dynamic model,  =

(      
   ). From the previous step, I have the SNP density that

best characterizes the data. The score function of this density is used to construct the

vector of moments that will be used in the GMM objective function. For a candidate

set of parameters, I simulate the model and compute the objective function. Then, by

using a nonlinear optimizer, I search for the parameter values that minimize the GMM

criterion. I use the simulated annealing minimization algorithm, which is robust to

local minima.

After simulating the decisions of the firm, the moment equations are computed

as7


³
e´ = 1



X
=1




log 

³b|b−1e´ (1.20)

where {b}=1 are the simulated data,  is the length of the simulation, and e is the
quasi-maximum likelihood estimate of the parameter vector, , of the SNP density

function selected in the first step.

7The definition of function (|−1 ) is in Appendix 2.



31

The EMM estimator is

b = argmin



³
e´0 ³e´−1³e´ (1.21)

with e = 1


P

=1

h


log 

³
|−1e´i h 


log 

³
|−1e´i0,where the weighting

matrix e assumes the SNP density function closely approximates the true stochastic
process of .

Under standard regularity conditions, the EMM estimator is consistent and as-

ymptotically normal.8 Furthermore, if the SNP density exactly replicates the true

data generating process, then the EMM estimator is fully efficient. If the SNP den-

sity closely approximates the true data generating process, then the efficiency of the

EMM estimator will be close to that of maximum likelihood.

A concern with the model described by the Bellman equation (1.18) is that it

refers to only one firm (i.e., a single agent) while the sample described in Section

3 comprises a panel of firms. Lemmon, Roberts, and Zender (2008) find important

unobserved firm-specific heterogeneity related to leverage decisions in the Compustat

sample. One possible solution to this issue is to either take the unobserved hetero-

geneity out of the sample, or add structural heterogeneity to the model. Given the

current formulation of the model, I can easily follow the latter approach and add

random effects to parameter , which captures conditional standard deviation of the

profitability shock. Under that specification,  becomes

 =  +   ∼  (0 )  (1.22)

This modification allows me to simulate a panel of firms and reproduce the ob-

served variation of investment and leverage decisions in a more accurate way. By

adding random effects to parameter , I create a panel of 11 different independent

firms. For each firm, I set a simulation length of 100,000 periods after discarding

8Gallant and Tauchen (1996) and Gallant and Long (1997) provide the proofs of the asymptotic

properties of the EMM estimator.
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the first 5,000 periods to avoid the influence of starting values. As before, I assume

 = 098 and   = 40%. Therefore, the vector of model parameters to estimate is

 = (      
   ). Table 1.3 exhibits EMM point estimates of model

parameters, standard errors and t-statistics. All estimated parameters are highly

statistically significant, as suggested by the large t-statistics.

The estimate of the depreciation parameter, , at 0.05728 per year is a reasonable

value considering that the mean investment ratio, shown in Table 1.1, is 0.06215 per

year. The estimate of the persistence parameter of the profitability shock process,

, is 0.62957. This value implies that the profitability shock is positively serially

correlated and that the current shock has an important influence on the shock in

next period. In addition, the estimate is similar to that reported by Hennessy and

Whited (2007). The estimated mean value for the conditional standard deviation of

the profitability shock, , is 1.13021 and is close to the value estimated by Cooper and

Ejarque (2003). The estimate for the standard deviation of the conditional standard

deviation of the profitability shock, , is 0.12562. I find parameter  to be 0.90827,

which implies that the unconditional mean of profitability shock is positive (given

that  is also positive).

The estimate of the parameter related to the concavity of the profit function,

, is 0.61616 - consistent with the value found by Cooper and Haltiwanger (2006),

and Hennessy and Whited (2007). Parameters  and  are estimated at 0.00523

and 0.10100, respectively. These values are close to those reported by Altinkilic and

Hansen (2000), and Hennessy and Whited (2007). My estimate of the parameter that

captures the per-unit costs of partial reversibility of capital, , is 0.05086, which is

slightly above the value documented by Cooper and Haltiwanger (2006). Finally, the

estimated value of the direct costs of bankruptcy parameter, , is 0.15333, which is

slightly above that reported by Hennessy and Whited (2007).
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1.5 Identification

I discuss the sources of identification of  = (      
   ), the vector

of structural parameters of the model that will be estimated. These parameters are

the capital depreciation rate (), the persistence parameter of the profitability shock

(), the parameters that capture the scale of the profitability shock ( ), the

constant coefficient of the AR(1) process of the profitability shock (), the concavity

of the profit function parameter (), the per-unit costs of issuing debt () and equity

(), the per-unit costs of partial reversibility of capital (), and the direct costs of

bankruptcy parameter (). To achieve identification of these ten parameters, I assume

the other two model parameters have the following values:  = 098,   = 40%. The

value of  implies a risk-free rate of interest,  , of 2.04% per year. I fix the value of

the tax rate,  , because it was relatively constant during the period 1988-2009.

Variability of firm investment is informative about the concavity of the profit func-

tion parameter, . The lower the parameter, the lower the marginal profitability of

the firm, which means that firm investment should respond less aggressively to prof-

itability shocks. The mean of investment is informative about the capital depreciation

rate, . A larger depreciation rate should imply more investment on average. The

magnitude of capital reductions (negative investments) helps me identify the per-unit

costs of partial reversibility of capital, . Larger costs of reversing capital should

induce smaller capital reductions.

The relative size of debt and equity issuances helps me identify the per-unit costs

of issuing debt, , and equity, . Larger costs of issuing debt compared to equity

should induce relatively larger issuances of equity, and vice versa. The maximum level

of firm leverage is informative of the direct costs of bankruptcy, . Higher maximum

levels of leverage imply lower direct costs of bankruptcy. Finally, the parametric

assumptions about profitability shock (i.e., state variable  follows an AR(1) process)

plus the joint variation in investment and leverage (e.g., the persistence in both
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decisions) help me identify the remaining parameters of the process, (    ).

1.6 Model predictions about capital structure choice

The literature has two seemingly opposite positions about the behavior of target lever-

age over time. On one hand, Hovakimian, Opler, and Titman (2001), Flannery and

Rangan (2006), and Huang and Ritter (2009) suggest that firms adjust their leverage

toward time-varying targets. They argue that these targets vary over time as firm

characteristics and market conditions, such as profitability and growth opportunities,

change. On the other hand, Lemmon, Roberts, and Zender (2008) suggest that firms

rebalance their leverage toward a largely time-invariant target, and that the role of

time-varying factors in the determination of target leverage is negligible.

I investigate these issues in the following subsections and find that the dynamic

model provides support for the former position. First, target leverage is state-

dependent, that is, it varies over time as firm characteristics and market conditions

change, which is consistent with the first group. Second, leverage decisions mean-

revert to a long-run constant level, which is the mean of the unconditional distri-

bution of leverage decisions. This property of the model generates the results of

Lemmon, Roberts, and Zender (2008). However, the difference with these authors is

in the conceptual interpretation of the long-run constant level. In the context of the

dynamic model, that level is not the time-invariant target leverage, but the mean of

the asymptotic distribution around which target leverage oscillates. The firm does

not have incentives to converge to that mean value, that is, the firm does not have

a target leverage in the long-run sense. The observed mean-reversion of leverage is

mainly due to the fact that, in the dynamic model, leverage decisions inherit the

mean-reverting property from the profitability shock.

Overall, these findings suggest that the apparently opposite empirical evidence

presented by both positions might be reflecting different aspects of the same decision
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making process.

1.6.1 Evolution of leverage decisions over time

In this subsection, I describe the behavior of leverage over time for a single firm.

I start analyzing the unconditional distribution of leverage decisions generated by

the dynamic model. In the dynamic model, the firm decides its optimal level of

leverage in each period. The firm makes this choice as a function of the current

state of the system (i.e., previous-period profitability shock and current debt, assets,

and profitability shock). This implies that optimal leverage changes from period to

period as the firm receives different profitability shocks over time. Thus, by simulating

a long sequence of profitability shocks, I can recover the asymptotic distribution of

optimal leverage choices by the firm. I proceed to simulate that distribution and

the unconditional mean of leverage decisions turns out to be 44.18%. These results

come from the simulation of a single firm at the values of the parameters estimated in

Section 4; in particular, the firm is simulated with  at the mean of the distribution

(i.e., at  = ).
9 Figures 1.7 and 1.8 show the unconditional distributions of optimal

investment and leverage decisions generated by Next, I stuthe dynamic model for the

single firm, respectively.

Equation (1) defines the profit shock, , as an AR(1) process and the estimate of

the persistence parameter, , is 0.62957, which implies that the profitability shock

follows a mean-reverting process with a speed of mean-reversion of about 37% per

year. Figure 1.9 shows the evolution of profit shocks over time at the values of the

parameters estimated in Section 4. The sequences of high shocks represent periods

(years) of economic boom, while those sequences of low shocks represent periods

(years) of economic depression. It is apparent that profit shocks follow a mean-

9Simulating firm decisions with  at different values of the support does not qualitatively change

the previous results.
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reverting process. Figure 1.10 shows the unconditional distribution of profit shocks,

which is a normal distribution.

Next, I investigate whether leverage, as a function of the profit shock, inherits its

mean-reverting property, that is, whether leverage oscillates around a long-run mean

level. A standard autoregressive model of book leverage is

+1

+1
− 


= 1

µ
 − 



¶
+ +1 (1.23)

where +1+1 is book leverage,  is the long-run mean book leverage, and 1 is

the fraction of the gap between current book leverage and the long-run mean level

that the firm closes every period. After rearranging terms, I estimate the following

model
+1

+1
= 1 + (1− 1)




+ +1 (1.24)

The estimates suggest that firm leverage is, indeed, mean-reverting to the long-

run constant value. The coefficient 1 is 0.3350 with a t-statistic of 898.38. This

estimate implies a moderate speed of adjustment of 33.50% per year and a half-

life of about 1.70 years, that is, it takes the firm approximately 1.70 years to close

half the gap between its current book leverage and the long-run mean level. This

estimated speed of mean-reversion is close to that found by Flannery and Rangan

(2006), who suggest a speed of adjustment of 34.40% per year. DeAngelo, DeAngelo

and Whited (2010) also report a similar speed of adjustment of 37.80% per year. For

market leverage, +1+1, coefficient 1 is 0.2802 with a t-statistic of 806.62, which

means a speed of mean-reversion of 28.02% per year and a half-life of about 2.11

years.10 The estimated long-run constant value, , is 0.4418, which implies that

book leverage oscillates around 44.18%. This mean level is exactly equal to the mean

of the unconditional distribution of leverage decisions described above. Furthermore,

10The denominator of market leverage, +1, is the value function calculated in the Bellman

equation (1.18).
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this constant value does not depend on the current state of the system (i.e., previous-

period  and current , , and ) or on functions of that state (e.g., operating profits

or market-to-book ratio), but on the structural assumptions about the firm, such as

the functional form of the utility, the persistence of profitability shocks, the concavity

of the profit function, etc. Figure 1.11 shows the evolution of book leverage decisions

over time for the single firm. For completeness, Figure 1.12 shows the evolution of

investment decisions over time for the single firm.

To summarize, the results of this subsection show that, in the dynamic model,

leverage varies over time and oscillates around a constant value, which is the mean

of the unconditional distribution of leverage decisions.

1.6.2 Sensitivity analysis: leverage decisions

Every period, the firm selects the optimal leverage, which attains its maximum value.

This maximization process includes the costs of debt and equity issuance. The liter-

ature considers that target leverage is the optimal leverage ratio that the firm would

choose in the absence of adjustment costs. Given that the costs of adjustment are

always positive, target leverage is unobserved. Therefore, I do sensitivity analysis and

study the evolution of leverage decisions over time for a single firm under zero costs

of issuance. By doing this, I recover the target leverage and investigate its evolution

over time. Additionally, I study the effect of changes in the costs of debt and equity

issuance on the speed of mean-reversion of leverage and on the mean value of the

unconditional distribution of leverage decisions.

I start solving the model for a single firm at the estimated values of the parameters,

an income tax rate ( ) of 40% and a discount factor () of 0.98. This is the base

case used to analyze the optimal leverage decisions described in Subsection 6.1, and

includes per-unit debt () and equity () issuance costs of 0.00523 and 0.10100,

respectively. I then generate a long simulation of optimal policies and calculate the
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speed of mean-reversion and mean book leverage for this specification. I set the

simulation length at 4,000,000 observations and eliminate the first 1,000 observations

to remove the effects of an arbitrary starting point. Table 1.4 shows these values in

column (6) under heading “100%”.

Then I change both debt and equity issuance costs in the same proportion, solve

the model again, generate a new long simulation of optimal policies and proceed to

calculate the speed of mean-reversion and mean book leverage for the new specifi-

cation. For example, in column (7) I increase both adjustment costs by 20%. This

increment reduces the speed of mean-reversion of book leverage by almost 2% from

33.50% to 31.64% per year, while the mean of book leverage slightly diminishes to

44.06%. These results are confirmed when I increase the adjustment costs even further

in columns (8) through (11).

On the other hand, if I reduce debt and equity issuance costs, both the speed

of mean-reversion and the mean of book leverage decisions increase. For example,

reducing both adjustment costs by 20% in column (5) makes the speed of mean-

reversion of leverage go up to 35.18% per year, while the mean of book leverage

barely increases to 44.48%. I verify these results by reducing the adjustment costs

even further in columns (4) through (1). In particular, Table 1.4 shows that, with

zero issuance costs, firm leverage is mean-reverting to a long-run constant value at a

considerably higher speed of adjustment of 50.48% per year, which implies a half-life

of 0.99 years. This result implies that target leverage oscillates around a constant

value. That is, target leverage is varying over time as firm characteristics and market

conditions change.

The negative relationship between issuance costs and speed of mean-reversion of

book leverage is due to the fact that, when adjustment costs are lower, the firm

adjusts its leverage to profitability shocks in a more prominent way. For example, if

the firm receives a positive profit shock, it will increase its leverage, but the increment

in leverage will be more significant if issuance costs are lower. On the contrary,
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the impact of these costs on the mean of the unconditional distribution of leverage

decisions is negligible.

Figure 1.13 graphically shows these results. The speed of mean-reversion of book

leverage decreases as the costs of issuing debt and equity increase. Furthermore,

the line is convex for adjustment costs above 20% of the estimated ones. Below that

threshold, the speed of mean-reversion tends to stabilize around 50% per year because

the impact of the adjustment costs becomes insignificant in the context of the current

discretization of the state space.

Figure 1.14 shows the mean of the unconditional distribution of book leverage

decisions as a function of debt and equity issuance costs. This line is almost horizontal

because, as noted above, the effect of adjustment costs on the mean of book leverage

is negligible. Figure 1.15 shows the evolution of book leverage decisions over time for

a single firm when there are no adjustment costs.

Overall, these results show that, in the dynamic model, target leverage is time-

varying and fluctuates around a long-run time-invariant level. That is, firms in the

dynamic model do not have a constant target in the long-run sense to which they try

to adjust their current leverage.

1.6.3 Lemmon, Roberts, and Zender (2008) leverage portfolios

I study whether the dynamic model can reproduce the characteristics of the data

reported by Lemmon, Roberts, and Zender (2008). To this end, I construct a panel

of firms, for which I need to introduce heterogeneity to the model. The way in

which the literature (e.g., DeAngelo, DeAngelo and Whited (2010)) has done this

is by simulating the model for different values of a parameter. Then, the panel

is composed of different types of firms. Each type is different in the conditional

standard deviation of the profitability shock, , which implies that each firm type

has a different variance of returns. Figure 1.16 shows the book leverage decisions of
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two different firm types. The upper line shows leverage decisions of a firm with low

conditional standard deviation of the profitability shock, while the lower line shows

leverage decisions of a firm with high variance of returns. The panel is composed of 10

types or groups of firms and there are 100 identical firms in each group. Each type is

different in parameter , which ranges from 0.7 to 1.5. This source of heterogeneity

introduces variation in the mean value of the asymptotic distribution of leverage

decisions. The complete panel is then composed of 1,000 firms, and the remaining

parameter values used to generate the panel are those estimated in Section 4. Each

firm is simulated over 1,000 periods after discarding the first 1,000 observations to

eliminate the influence of an arbitrary initial point.

Figure 1.17 shows the actual book leverage paths generated by a panel of firms

created by the dynamic model. I follow the procedure used by Lemmon, Roberts, and

Zender (2008) to construct the four portfolios (i.e., “very high”, “high”, “medium”

and “low” leverage portfolios). It is evident in Figure 1.17 that the dynamic model,

which creates time-varying target leverage, generates leverage decisions characterized

by both a transitory and a permanent component, as described by Lemmon, Roberts,

and Zender (2008) in their Figure 1.1. The former component refers to the fact that

firms with relatively high (low) leverage are likely to return to more moderate levels

of leverage, while the latter component implies that firms with relatively high (low)

leverage tend to keep relatively high (low) leverage for long periods of time (more

than 20 years). In the context of the dynamic model, the values to which these lines

converge in the long-run are the average of the means of the asymptotic distributions

of leverage decisions of all the firms included in the corresponding portfolio.

Overall, the dynamic model consistently replicates the features of leverage (i.e.,

convergence and persistence) described by Lemmon, Roberts, and Zender (2008). I

study these characteristics in the following subsections.
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1.6.4 Convergence of leverage to more moderate levels

A prominent feature of the data reported by Lemmon, Roberts, and Zender (2008)

is the observed convergence of leverage to more moderate levels over time, which is

consistently reproduced by the dynamic model. I study whether this firm behavior

in the dynamic model is due to active rebalancing of leverage toward a long-run

time-invariant target. This possibility is suggested by Graham and Harvey (2001),

Leary and Roberts (2005), Hovakimian (2006), and Kayhan and Titman (2007). The

observed decay of leverage over time in the dynamic model is due to the fact that

leverage reverts to the mean of the asymptotic distribution of leverage decisions.

In Subsection 6.1, I showed that leverage is mean-reverting because it is a function

of the profitability shock, which is defined as mean-reverting. Therefore, leverage

is mean-reverting because it inherits that property from the profitability shock. In

other words, the mean-reversion of leverage is mechanical because it is driven by the

mean-reverting profit shocks, and not by the active efforts of the firm to rebalance its

leverage toward a largely constant level.

Following Lemmon, Roberts, and Zender (2008), I study the net security (i.e.,

debt and equity) issuance activity for the four unexpected leverage portfolios. Net

debt issued is computed as the change in total debt scaled by beginning-of-period

assets, while net equity issued is computed as the change in total equity scaled by

beginning-of-period assets.

Figure 1.18 exhibits the net debt issuing activity of the firms in the four portfolios.

It is clear that, initially, there is a negative relationship between firm leverage and the

propensity to issue net debt. As we move from the Low portfolio to the Very High

portfolio, the average issuance of net debt decreases monotonically. This different

behavior among the portfolios tends to disappear after 5 years. These results are

similar to those of Lemmon, Roberts, and Zender (2008).

The net equity issuing activity of the firms in the four portfolios is shown in
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Figure 1.19. The pattern of net equity issuing activity is initially analogous to that

of net debt issuing activity. That is, the propensity to reduce net equity is negatively

related to firm leverage. As we move from the Very High portfolio to the Low portfolio,

firms reduce progressively more equity on average. Figure 1.19 also shows that this

different behavior remains on average in the long-run, which is due to the fact that net

equity issuing activity also reflects the impact of dividend payments. As I explain in

detail in Subsection 7.1 below, the dynamic model generates a negative relationship

between leverage and dividends, which creates the long-run pattern of net equity

issuing activity displayed in Figure 1.19.

Even though the previous results might be interpreted as firms actively trying to

rebalance their leverage to more moderate levels, this is not the case in the dynamic

model. As I showed in Subsection 6.2, firms in the dynamic model do not have

a constant target in the long-run sense to which they try to adjust their current

leverage. Thus, the described patterns of net security issuance activity are due to the

mean-reverting property of leverage, which, in turn, is the consequence of leverage

being a function of a mean-reverting profitability shock. In other words, the leverage

of firms that are initially in the Low portfolio tends to mean-revert to more moderate

levels and, to achieve that objective, firms issue more debt and reduce less equity on

average.

Finally, I study the impact of introducing time-varying determinants to the au-

toregressive model described in equation (23) on the speed of mean-reversion of book

leverage. As Lemmon, Roberts, and Zender (2008) suggest, the underlying idea of

this exercise is that if the traditional determinants of book leverage play an important

role in the determination of the long-run value around which book leverage oscillates,

then their exclusion should considerably decrease the speed of mean-reversion of lever-

age. The reason for this is that firm leverage would be mean-reverting to a value that

differs from the one specified by the econometrician.
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Accordingly, I estimate the following autoregressive model of book leverage
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where +1+1 is current book leverage, 00 is the initial value of book lever-

age, (Σ−1
=0 ) is mean book leverage,  is the conditional standard deviation

of profitability shocks, ( ) is profitability (operating profits),  is the

market-to-book ratio (investments opportunities), and  is lagged dividends.

Index i refers to firm i, while index t refers to time period t. Results are presented in

Table 1.5, where the left panel shows the results for the Compustat data, while the

right panel shows the results for the simulated panel. In the context of the dynamic

model, the correct specification of the long-run value to which leverage mean-reverts

should include the mean of the unconditional distribution of leverage decisions. Col-

umn (3) shows the results from the specification that includes mean leverage. The

speed of mean-reversion is 54.35% per year and the coefficient for mean leverage is

close to 1, as expected. In column (2), I exclude mean leverage from the previous

model, leaving initial leverage as a proxy for mean leverage, and the speed of mean-

reversion decreases considerably to around 31.46% per year as the specification of the

constant value is less accurate. The adjusted R-squared also diminishes. Moreover,

column (1) shows that if initial leverage is also excluded, then the speed of mean

reversion falls even further to 27.77% per year.

Column (6) of Table 1.5 exhibits the estimation results for a specification analo-

gous to that of column (3), but for the simulated panel. The speed of mean-reversion

is 38.19% per year, which implies a half-life of about 1.44 years. This result is close to

those reported by Flannery and Rangan (2006) and DeAngelo, DeAngelo and Whited

(2010), who find speeds of adjustment of 34.40% and 37.80% per year, respectively.

Consistent with the previous claim, column (5) shows that excluding mean lever-

age (i.e., the most important determinant) substantially reduces the speed of mean
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reversion to 20.39% per year. Moreover, column (4) shows that if initial leverage (i.e.,

the proxy for mean leverage) is also excluded, then the speed of mean reversion falls

even further to 11.46% per year. This last result is consistent with those of Fama and

French (2002), who use specifications similar to that in column (4) and find speeds

of mean reversion of book leverage between 10% and 18% per year.

Finally, column (7) presents the results of varying the parameters with which I

simulated the panel, instead of mean leverage. The results are roughly the same, that

is, the speed of mean-reversion of book leverage slightly decreases to 37.92% per year,

the traditional regressors keep their coefficient values and the model fit is the same.

This column exhibits the economic driver of the different mean levels of leverage

decisions, that is, the different conditional standard deviation of the profitability

shock of each type of firm.

The evidence reported in this subsection is consistent with that of Lemmon,

Roberts, and Zender (2008) in the sense that book leverage tends to revert to more

moderate levels over time. However, the leverage behavior created by the dynamic

model suggests that firms do not actively manage their leverage ratios toward long-run

target levels. On the contrary, the convergence of leverage generated by the dynamic

model is a consequence of the mean-reverting property of leverage as a function of

the profitability shock. That is, it is due to mechanical mean-reversion of leverage

and not to active leverage management.

1.6.5 Long-run stability of leverage ratios

In this subsection I study the persistence of leverage, that is, the observation that firms

with relatively high (low) leverage tend to maintain relatively high (low) leverage in

the long-run. I start constructing the “unexpected leverage” portfolios as described by

Lemmon, Roberts, and Zender (2008). First, I regress book leverage on profitability,

market-to-book ratio, and lagged dividends. Second, I use the regression residuals
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(i.e., the unexpected leverage) to sort firms into four portfolios. Finally, I follow the

average actual leverage of each portfolio during the next 20 years. The objective of

this procedure is to remove the observable heterogeneity associated with traditional

determinants of leverage. Figure 1.20 presents the unexpected long-run book leverage

paths generated by the panel of firms and shows that the results are almost identical to

those of Figure 1.17. This finding suggests that the regression residual explains most

of the variation in leverage across firms in the panel and that the usual time-varying

determinants have little power to explain such variation.

Finally, Figure 1.21 shows the unexpected book leverage portfolios controlling for

the conditional standard deviation of the profitability shock, . That is, I reproduce

the previous experiment but control for the only source of heterogeneity among types

of firms. Convergence is complete (i.e., persistence disappears) because, in the re-

gression, the exogenous variables remove all the variation in leverage and the residual

is pure noise. Thus, given that the sorting of the portfolios is based on the residual,

which is pure noise, the average leverage of the four portfolios completely converge

to a single ratio. In unreported figures, the actual and unexpected market leverage

portfolios exhibit the same pattern described above.

Next, I use the panel of firms created by the dynamic model to study the possible

factors that underlie the persistence of leverage. Each type of firm in the panel has a

different mean value around which leverage oscillates. That is, the different structural

assumptions of each type of firm create a type-specific constant value toward which

leverage mean-reverts. This feature of the dynamic model creates the observed the

long-run stability of leverage ratios.

First, following Lemmon, Roberts, and Zender (2008), I investigate the role of

different exogenous variables in the determination of future leverage. Accordingly, I
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estimate the following regression
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where the variables are those defined in equation (25).

Table 1.6 shows the results from estimating different specifications of equation

(25). The left panel (i.e., columns (1) through (3)) refers to Compustat data while the

right panel (i.e., columns (4) through (7)) refers to data simulated with the firmmodel.

Column (1) shows the coefficients corresponding to the regression of leverage on its

usual determinants (e.g., profitability, market-to-book ratio, lagged dividends). Even

though they are all significant, their explanatory power is roughly zero. The finance

literature usually includes other determinants available in Compustat in the regression

(e.g., tangibility, industry mean leverage), but the adjusted R-squared barely increases

to more than 5%. Lemmon, Roberts, and Zender (2008) add initial leverage as a

regressor and the fit increases to more than 20%. They suggest that initial leverage is

a proxy for unobserved firm characteristics. However, because leverage decisions are

mean-reverting, I introduce the mean of leverage decisions to the specification and the

adjusted R-squared increases to around 50%. Nevertheless, initial and mean leverage

are tautological in the sense that they are not informative about the economic reasons

that drive leverage decisions.

Then, I reproduce the experiment using the simulated panel. The usual determi-

nants (column (4)) explain very little of the variation in leverage with an adjusted

R-squared of 11%. Adding initial leverage increases the model fit to 47%, while adding

mean leverage increases the adjusted R-squared even further to 70%. However, in the

case of the simulated panel, I introduced firm heterogeneity by simulating the model

for different values of the parameter that governs the conditional standard deviation

of the profitability shock, , which ranges from 0.7 to 1.5. Thus, in column (7) I

substitute mean leverage by the values of the parameters with which I generated the
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panel and the results are the same. The traditional regressors keep their significance

and coefficient values, and the model fit is the same. But this specification highlights

the economic driver of the different mean levels of leverage decisions, i.e., the different

conditional standard deviation of the profitability shock of each type of firm. The

(unreported) results for market leverage regressions are analogous.

Second, I perform a variance decomposition of book leverage to ascertain the

explanatory power of the determinants in the different specifications of equation (25).

I use the Type III sum of squares for each effect in the alternative models because it is

insensitive to the ordering of the regressors and the fact that the panel is unbalanced.

I also normalize the estimates to add up to one.

Table 1.7 shows the fractions of the model sum of squares that is attributable to

each variable. As before, the left panel shows the results for the Compustat data,

while the right panel shows the results for the simulated panel. Column (1) shows

the variance decomposition for the regression of leverage on its usual determinants

(e.g., profitability, market-to-book ratio, lagged dividends) excluding initial leverage.

In this specification, each of the three variables account for an important part of the

explained sum of squares. Column (2) presents the results of adding initial leverage,

which accounts for 99.74% of the explained variation of book leverage, while the

other determinants account for almost nothing. Column (3) adds mean leverage to

the specification in column (2). Not surprisingly, initial leverage loses almost all its

explanatory power, which goes to mean leverage. In this specification, initial leverage

accounts for only 1.60% of the explained variation of leverage, while mean leverage

accounts for 98.21% of the explained sum of squares. Furthermore, the explanatory

power of profitability, market-to-book, and lagged dividends is almost zero.

Column (4) shows the variance decomposition for the regression of leverage on

its usual determinants (e.g., profitability, market-to-book ratio, lagged dividends) for

the simulated panel. In this specification, each of the three variables accounts for

an important part of the explained sum of squares. Column (5) presents the results
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of adding initial leverage, which accounts for 82.77% of the explained variation of

book leverage, while profitability, market-to-book, and lagged dividends account for

only 7.29%, 6.27%, and 3.67%, respectively. Column (6) adds mean leverage to the

specification in column (5). As with Compustat data, initial leverage loses almost all

its explanatory power, which is captured by mean leverage. That is, initial leverage

accounts for 0% of the explained variation of leverage, while mean of leverage accounts

for 89.65% of the explained sum of squares. In addition, the explanatory power

of profitability, market-to-book, and lagged dividends diminishes to 5.68%, 3.39%,

and 1.29%, respectively. Column (7) shows the results of the substitution of mean

leverage by the values of the parameters with which I simulated the panel. As before,

the results are the same, that is, the traditional regressors keep roughly an identical

explained sum of squares and the model fit is the same. Again, this specification

shows that the economic driver of the different mean levels of leverage decisions in

the simulated panel is the different conditional standard deviation of the profitability

shock of each type of firm. Unreported results for market leverage regressions show

similar conclusions.

To conclude, the dynamic model allows me to better understand the persistence

of leverage reported by Lemmon, Roberts, and Zender (2008). I reproduce their

experiments but controlling for all sources of heterogeneity among firms, something

that they cannot do with Compustat database, and I find that persistence of leverage

completely disappears. Therefore, the results I find about leverage persistence go in

line with Lemmon, Roberts, and Zender (2008) in that Compustat database might

not be sufficiently rich to capture fundamental features of firm behavior regarding

leverage decisions.
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1.7 Consistency of the model

I study the consistency of leverage and dividend decisions of the dynamic firm model

in the context of the trade-off theory and the empirical evidence. To this end, I use

the simulated panel of firms described in Section 6.

1.7.1 Analysis of leverage decisions

I investigate the relationship between book leverage, +1+1 , and the following

variables: profitability or operating profits, ( ), investment opportunities

or market-to-book ratio, , lagged dividends, , and non-debt tax shields

such as depreciation, .11 I present the results in Table 1.6. The large t-statistics

for all estimated parameters imply that they are highly statistically significant. The

results for market leverage are almost identical.

According to the trade-off theory, more profitable firms have more incentives to

increase leverage because they have larger taxable income to shield. They also need

more discipline from debt to reduce the agency problems generated by free cash

flows. Furthermore, higher profitability implies lower expected bankruptcy costs,

which induces firms to increase their leverage. However, Titman and Wessels (1988),

Rajan and Zingales (1995), Hovakimian, Opler, and Titman (2001), Fama and French

(2002) and Flannery and Rangan (2006) present empirical evidence suggesting that

the relationship between leverage and profitability is, in fact, negative. Hennessy and

Whited (2005) also find a negative relationship between leverage and profitability.

Table 1.6 shows that, in agreement with the theory, the dynamic model generates a

positive relationship between leverage and profitability. The regression coefficient for

profitability is 0.2726 for the model specification in column (6). Thus, the sign of the

11Dividends are calculated in the following way:  = 1[

  0] ∗ ||, where 1[  0] is an

indicator function equal to one if   0 (i.e., when the firm is paying out money to shareholders).

Thus, I define dividends in a broad sense, that is, they include cash dividends and share repurchases.
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coefficient means that, in periods of high profitability, the firm increases leverage for

the above causes.

The trade-off theory also suggests a negative relationship between leverage and

investment opportunities. Firms with more growth options do not need so much

debt to reduce the agency costs created by free cash flows. They also have stronger

incentives to have less leverage to avoid the shareholder-bondholder agency problems

that arise when investments are financed with risky debt, such as underinvestment,

asset substitution and excessive dividends. The empirical evidence of Hovakimian,

Opler, and Titman (2001), Fama and French (2002) and Lemmon, Roberts, and

Zender (2008) is consistent with this prediction. In line with these findings, Hennessy

and Whited (2005) report a negative relationship between leverage and investment

opportunities. Results shown in Table 1.6 also support the trade-off theory. The

model specification in column (6) shows a regression coefficient for the market-to-

book ratio of -0.0193, which implies that firms with larger investment opportunities

have lower leverage. This result is surprising because the model does not include

agency costs. The reason for this behavior is the relationship between the profitability

shock, investment opportunities, and leverage decisions. When there is a high profit

shock, the market value of the firm increases immediately to reflect the high expected

shocks in future periods. That is, investment opportunities grow very fast. However,

leverage goes up more slowly as a consequence of the adjustment costs. If, later, lower

profit shocks appear, the market value of the firm falls immediately even if leverage

is still increasing. This different speed of adjustment of leverage and market value

of the firm with respect to profit shocks creates the negative relationship between

investment opportunities and leverage in the dynamic model.

Regarding the relationship between leverage and dividends, the trade-off theory

predicts that it should be negative because they play substitute roles for controlling

free cash flow problems. Fama and French (2001, 2002), and Lemmon, Roberts, and

Zender (2008) present evidence consistent with this prediction, and Table 1.6 shows
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that leverage and (lagged) dividends are, indeed, negatively related. Specifically, the

regression coefficient for lagged dividends is -0.2959 for the model specification in

column (6). In the model, this coefficient is negative because when the firm receives

high profit shocks, it issues equity to increase its size. That is, it pays negative

dividends. At the same time, it increases its leverage because it has larger taxable

income to shield and lower expected bankruptcy costs. The opposite is true when the

firm receives low or negative profit shocks.

The trade-off theory also argues that leverage should be negatively related to non-

debt tax shields, such as deductions for depreciation. Firms with higher depreciation

rates have fewer incentives to increase leverage because they have lower expected tax

rates (i.e., less taxable income to shield). The empirical evidence also supports this

prediction, as reported by Fama and French (2002), and Flannery and Rangan (2006).

A long simulation of the dynamic model for a single firm at the estimated values of the

parameters (i.e., at  = 005728) shows that the mean of the asymptotic distribution

of book leverage decisions is 44.18%. Increasing the depreciation parameter by 1%

to 0.06728, takes that mean value down to 40.21%. This result suggests a negative

relationship between leverage and non-debt tax shields (e.g., depreciation) around the

estimated values of the parameters.

1.7.2 Analysis of dividend payments

This subsection studies the relationship between dividends, +1+1, and both

profitability or operating profits, ( ), and investment opportunities or the

market-to-book ratio, .
12 To this end, I estimate the following regression

+1
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where 00 is initial dividend. Results are presented in Table 1.8 and, as before,

all estimated parameters are highly statistically significant.

12The definition of dividends, , is in footnote 11.
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The trade-off theory predicts a positive relationship between dividends and prof-

itability. Firms with higher profitability have higher dividends to limit the agency

problems associated with large free cash flows. They also have higher dividends be-

cause they have a smaller chance of having to issue costly risky securities or forego

good investments because of asymmetric information between managers and investors.

The evidence of Fama and French (2001, 2002), and Lemmon, Roberts, and Zender

(2008) also suggests that dividends are positively related to profitability. Table 1.8

shows results consistent with this prediction. The regression coefficient for operating

profits is 0.0566 for the model specification in column (5).

According to the trade-off theory, firms with more investment opportunities have

lower dividends because they have less need for the discipline of dividends to restrict

the agency costs associated with free cash flows. They also have lower dividends to

reduce the costs generated by asymmetric information problems between managers

and investors. The empirical evidence presented by Fama and French (2001, 2002),

and Lemmon, Roberts, and Zender (2008) also suggests that dividends are negatively

related to growth options. Consistent with the predictions of the trade-off theory

and the empirical evidence, the dynamic firm model generates a negative relationship

between the variables. The model specification in column (5) of Table 1.8 exhibits a

regression coefficient for investment opportunities of -0.0146.

Figure 1.22 exhibits the evolution of the dividend payout ratio over time for a

single firm.

1.8 Sensitivity analysis: income tax payments

Another objective of this paper is to investigate the effect of changes in the income

tax rate on the optimal policies generated by the firm model. One question I study is

what happens to the income tax payments and leverage decisions made by firms when

the tax rate changes. This type of analysis could help the government to estimate
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the corporate tax income for different levels of corporate income tax rates. This kind

of sensitivity policy analysis is another benefit of structural modeling.

Adam Smith in The Wealth of Nations (1776, ch. 2, p. 78) introduced the idea

of a negative relationship between tax rates and tax revenue:

High taxes, sometimes by diminishing the consumption of the taxed commodities, and

sometimes by encouraging smuggling, frequently afford a smaller revenue to government

than what might be drawn from more modest taxes.

In 1974, Professor Arthur Laffer suggested the possibility of a bell-shape relation-

ship between tax revenue and the tax rate, i.e., the Laffer curve. The upward-sloping

segment is called the normal range, while the downward-sloping segment is called

the prohibitive range. One of the main insights of this idea is that there exists a

tax rate that maximizes total revenue for the government. When policymakers re-

duce tax rates in the prohibitive range, tax revenue increases. Figure 1.23 shows this

relationship.

The economics literature has extensively studied the relationship between tax

income and the tax rate. Fullerton (1982) investigates the relationship between labor

income tax rates and government revenues. He finds that it is possible that the U.S.

government is operating in the prohibitive range for labor income taxes. Lindsey

(1987) studies the individual taxpayer response to the U.S. personal income tax rate

cuts in the period 1982-1984. He suggests that a tax rate around 35% would have

maximized federal income tax revenue, while a total tax rate (i.e., federal, state,

and social security tax rates) of about 40% would have maximized total income tax

revenue.

Hsing (1996) estimates the Laffer curve for personal income taxes during the pe-

riod 1959-1991. The author specifies total personal income tax revenue as a quadratic

function of the income tax rate and finds that the bell-shaped Laffer curve is statisti-

cally significant. Furthermore, he finds that a personal income tax rate between 33%

and 35% would maximize government revenue. Clausing (2007) studies corporate in-
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come tax revenues relative to GDP in OECD countries over the period 1979-2002. She

finds a statistically significant bell-shaped Laffer curve and reports that a corporate

income tax rate around 33% would have maximized corporate income tax revenue

during the period.

The corporate finance literature has studied extensively the relationship between

capital structure and taxes. However, results of empirical tests are inconclusive.

Among the authors who fail to find plausible or significant tax effects on leverage,

Titman and Wessels (1988) empirically study a wide range of determinants of cap-

ital structure and find that the effect of non-debt tax shields (e.g., depreciation,

investment tax credits) on leverage is statistically insignificant. Fisher, Heinkel, and

Zechner (1989) develop a dynamic capital structure choice model of the firm with

recapitalization costs. They regress the leverage range (i.e., the difference between

maximum and minimum leverage) on a set of explanatory variables and find that the

corporate tax rate is not statistically significant. Bradley, Jarrell, and Kim (1984)

develop a trade-off model of the firm and use it to test implications of the trade-off

theory of capital structure. In contradiction with the theory, they find a positive

relationship between the level of non-debt tax shields and leverage.

However, some authors find significant tax effects on financing decisions. Mackie-

Mason (1990) analyzes incremental financing decisions using discrete choice analysis

and finds strong evidence that the marginal tax rate affects the choice between issuing

debt or equity. Givoly, Hayn, Ofer, and Sarig (1992) study the impact of the Tax

Reform Act of 1986 on the relationship between tax-related variables and leverage.

They find that both corporate taxes and non-debt tax shields are important determi-

nants of capital structure. Gordon and Lee (2001) use the U.S. Statistics of Income

(SOI) Corporate Income Tax Returns to study the impact of changes in corporate

tax rates on firm leverage. They find that corporate tax rates have a large impact

on leverage decisions of the smallest and largest firms in their sample, but a smaller

impact on firms of intermediate size.
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Graham (2000) estimates the value of the tax benefits of debt and finds that they

represent around 10% of firm value. He also finds that large, profitable, and liquid

firms use debt conservatively. Kemsley and Nissim (2002) estimate the value of debt

tax shields by using reverse regressions, which mitigate the bias. They also report an

estimated value of the tax benefits of debt of about 10% of firm value.

In this section, I study whether income tax payments would increase and by how

much if the government raises the income tax rate. I also analyze the effects of

changes in the income tax rate on leverage decisions made by firms. The economics

papers previously mentioned construct the Laffer curve with parameters estimated

using reduced form equations. The problem with this kind of sensitivity analysis is

that reduced form parameters can change when the tax rate changes. This paper

tackles this problem by estimating the bell-shaped curve with a structural model.

I start solving the model at the estimated values of the parameters, an income

tax rate ( ) of 40% and a discount factor () of 0.98. This is the base case used to

analyze the optimal policies described in Section 6. I then generate a long simulation

of optimal policies and calculate the mean income statement and mean leverage for

this specification. Table 1.9 shows this mean income statement in column (4) under

the heading “Base case”. All the values in this table (except the last row) have been

normalized with respect to column (4) (i.e., the one with the tax rate at 40%), so

that we can compare the different values when the tax rate changes. Furthermore,

all the values in this table are the mean of a long simulation of the model.

Then I change the tax rate, solve the model again, generate a new long simulation

of optimal policies and proceed to calculate the mean income statement and mean

leverage for the new specification. For example, in column (5) I compute the income

statement generated with a tax rate of 45%. Increasing the tax rate to 45% does

not increase the amount of money the government receives as income tax, but in fact

reduces it to 89.69% of the amount it raises when the tax rate is 40%. This seemingly

contradictory finding is a consequence of the dynamic behavior of the firm, which
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takes into account the new tax rate and its impact in the future states, and modifies

its behavior accordingly. This result is confirmed when I increase the tax rate to 50%

and 55% and observe that income tax payments decrease even further to 66.26% and

15.77%, respectively, of the value received by the government when the tax rate is

40%. It should be noted, though, that firm earnings also go down after the tax rate

increases. For instance, they decrease to 73.08% of the pre-change amount when the

tax rate goes up to 45%.

On the other hand, if I reduce the tax rate the income tax also decreases, but at a

slower pace. For example, reducing the tax rate to 35% makes income tax payments

go down to 97.25% of the pre-change amount. If I reduce the tax rate even further

to 30% and 25%, income tax payments decrease to 90.42% and 79.65%, respectively,

of the amount with the tax rate at 40%. However, in this case firm earnings go up

after the tax rate decreases. For instance, they increase to 120.40% of the pre-change

amount when the tax rate goes down to 35%.

Confirming the trade-off theory, mean leverage (reported in the last row of the

table) increases monotonically as the tax rate increases, i.e., larger benefits of debt

induce the firm to take on more debt. In column (4) the mean leverage is 44.18%,

which I described in Section 6 as the mean of the asymptotic distribution of leverage

decisions. The penultimate row shows mean net earnings for different income tax

rates. As expected, mean net earnings fall steadily as the income tax rate increases.

Figure 1.24 shows graphically some of these results. It is clear that mean income

tax payments have a bell-shaped form that is consistent with the results in Table 1.9.

Income tax payments are maximized when the tax rate is around 40% and decline

monotonically as we move away from that percentage. It is also apparent that they

fall faster when the tax rate increases than when it decreases. It is noticeable that

income tax payments are close to the maximum in the range 36%—40%. This interval

includes the actual highest tax rates during sample period 1988—2009.

Figure 1.25 shows mean leverage as a function of the income tax rate. Consistent
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with the trade-off theory, leverage increases monotonically as the tax rate increases.

In particular, mean leverage goes from 26.90% when the income tax rate is 25% to

73.35% when the income tax rate is 55%. Furthermore, mean leverage seems to be a

slightly convex function of the tax rate.

Figure 1.26 shows net earnings as a function of the income tax rate. I previously

mentioned that net earnings diminish as the tax rate increases. Specifically, mean

net earnings are 159.30% of the base case (i.e., column (4)) when the tax rate is 25%,

but only 8.60% of the base case when the tax rate increases to 55%. Furthermore,

mean net earnings seem to be a slightly concave function of the tax rate.

1.9 Sensitivity analysis: investment decisions

A further objective of the present article is to analyze the effects of financing con-

straints on the optimal policies generated by the firm model. In particular, I study

the impact of financing constraints on firm investment. It is important to understand

the effects of public policies on investment through their effect on internal capital. For

example, reducing the corporate income tax rate increases the availability of internal

funds, which reduces the financial constraints on firms and facilitates firm investment.

In perfect capital markets, investment decisions of firms are independent of their

financial condition. That is, a firm’s capital structure is irrelevant to investment

because internal and external capital are perfect substitutes. However, in imperfect

capital markets, investment and financing decisions might be interdependent. Specif-

ically, if external capital does not provide a perfect substitute for internal funds, then

investment may depend on the firm’s financial condition, such as the availability of

internal capital or the access to external funds.

The corporate finance literature has defined firms as financially constrained when

they face a wedge between external and internal capital. The benefit of this definition

is that it allows us to determine the degree to which a firm is financially constrained.
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That is, a firm will be more financially constrained when it faces a larger wedge

between its external and internal cost of funds. However, according to this definition

all firms will be financially constrained to some extent. It would be sufficient that a

firm faces a tiny cost of issuing debt or equity to be considered (slightly) financially

constrained.

Fazzari, Hubbard, and Petersen (1988) study the sensitivity of investment to cash

flow for a sample of firms classified by their dividend behavior. They argue that

this classification according to the earnings retention practices is sufficient to identify

firms more likely to face a larger wedge between the cost of internal and external

capital. For instance, if the cost of external finance were small, then firms would use

external capital to finance their investments when internal cash flows are low and the

investment-cash flow sensitivity would be negligible. On the contrary, if the costs of

issuing debt and equity were high, then firms that invest most of their cash flow (and

pay low dividend) might decide not to raise external capital and the investment-cash

flow sensitivity would be important.

Fazzari, Hubbard, and Petersen (1988) regress investment on cash flow (over as-

sets) and report that the investment-cash flow sensitivity is positive and significant

for all firms. Furthermore, they find that it is substantially greater for low-dividend

firms. They interpret this greater investment-cash flow sensitivity as evidence that

low-dividend firms are financially constrained. However, they suggest that the sig-

nificant financial effect of cash flow on investment for mature, high dividend-paying

firms is largely a puzzle.

More recent papers provide further support for the results of Fazzari, Hubbard,

and Petersen (1988). For example, Hoshi, Kashyap, and Scharfstein (1991) study

the investment-cash flow sensitivity of a sample of Japanese firms. They divide this

sample on the basis of whether firms belong to a keiretsu, that is, an industrial group.

These keiretsus include large banks that are both creditors and shareholders of group

firms. This close bank relationship mitigates asymmetric information problems caused
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by capital market imperfections. On the contrary, the Japanese firms that do not

belong to a keiretsu have a weaker relationship to banks and are likely to suffer greater

asymmetric information problems. Their main result is that firms that belong to an

industrial group have lower investment-cash flow sensitivity and they conclude that a

close bank relationship makes group firms less financially constrained. Schaller (1993)

uses three tests for liquidity constraints on firms to analyze the investment-cash flow

sensitivity. These tests are based on exogenous firm characteristics that are directly

tied to asymmetric information problems, i.e., firm age, ownership dispersion, and

specialization of assets. The author finds that young firms, firms with more dispersed

ownership, and firms with more specialized assets exhibit higher investment-cash flow

sensitivity.

However, Kaplan and Zingales (1997) challenge the previous literature and dis-

agree with the interpretation that investment-cash flow sensitivity is higher for finan-

cially constrained firms. They use qualitative and quantitative information to classify

firms from “Never financially constrained” to “Likely financially constrained”. Con-

trary to Fazzari, Hubbard, and Petersen (1988), they find that investments of firms

classified as “Never financially constrained” are significantly more sensitive to cash

flow than investments of “Likely financially constrained” firms. Therefore, they con-

clude that greater investment-cash flow sensitivities cannot be interpreted as proof of

firms being more financially constrained.

The results of Kaplan and Zingales (1997) find further support from some more

recent papers. For instance, Kadapakkam, Kumar, and Riddick (1998) study firm

investment decisions in six OECD countries. They divide the sample according to

firm size and find that investment-cash flow sensitivity is highest for large firms while

it is smallest for small firms. Cleary (1999) uses a multivariate classification scheme

to determine the creditworthiness of a large sample of U.S. firms. He finds that more

creditworthy firms have greater investment-cash flow sensitivity than those classified

as less creditworthy.
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Other papers use the neoclassical model of the firm to study the investment-cash

flow sensitivity controversy. Gomes (2001) and Alti (2003) find that the sensitivity

of investment to liquidity exists even when firms do not face any financial constraint.

This result is consistent with the puzzle described above about the observed signifi-

cant investment-cash flow sensitivity of large, mature firms. Moyen (2004) reconciles

the results of Fazzari, Hubbard, and Petersen (1988) with those of Kaplan and Zin-

gales (1997). The author uses two different models of the firm: in one of them, firms

are unconstrained and can freely raise external capital (debt and equity), and in the

other, firms are constrained and can only use internal capital to fund new investments.

In the latter model, the firm cannot access external capital markets and has an (ini-

tial) amount of debt that is constant over time. Because unconstrained firms can get

external capital, they invest more aggressively in periods of favorable opportunities.

This feature generates results consistent with those of Kaplan and Zingales (1997).

In addition, shareholders of constrained firms get larger dividends than those of un-

constrained firms. Thus, the use of the level of dividends to identify firms more likely

to face a larger wedge between the cost of internal and external capital replicates the

results of Fazzari, Hubbard, and Petersen (1988).

Financially constrained firms face a wedge between external and internal capital,

so that external and internal funds are not perfect substitutes. The natural way to

introduce such a wedge into the dynamic model of the firm is through the costs of

issuing debt and equity. I study the effects of varying financing constraints on optimal

policies. In particular, I study the impact of financing constraints on firm investment.

I start solving the model for a single firm at the estimated values of the parameters,

an income tax rate ( ) of 40% and a discount factor () of 0.98. This is the base case

used to analyze the optimal leverage decisions described in Section 6, and includes

per-unit debt () and equity () issuance costs of 0.00523 and 0.10100, respectively.

I then generate a long simulation of optimal policies and proceed to reproduce the

regressions of Fazzari, Hubbard, and Petersen (1988). That is, I regress investment
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decisions on internal cash flow and Q using the following model

+1 − 


= 0 + 1




+ 2




+ +1 (1.28)

where  is the internal cash flow (equation 6) available at the beginning of the

period and  is the proxy for Q. I also calculate the mean ratio of dividends over

profits for this specification. I set the simulation length at 4,000,000 observations and

eliminate the first 1,000 observations to remove the effects of an arbitrary starting

point. Table 1.10 shows the coefficients of the previous regression and mean dividends

over profits in column (6) under heading “100%”.

Then I change both debt and equity issuance costs in the same proportion, solve

the model again, generate a new long simulation of optimal policies and proceed to

perform the previous regression and calculate mean dividends over profits for the new

specification. For example, in column (7) I increase both adjustment costs by 20%.

This increment reduces the coefficient of cash flow over assets from 1.7651 to 1.7363.

In columns (8) through (11) I continue increasing both costs of adjustment and the

coefficient of cash flow over assets falls even further.

On the contrary, if I reduce debt and equity issuance costs, the coefficient on cash

flow over assets increases. For example, reducing both adjustment costs by 20% in

column (5) makes that coefficient go up to 1.8208. I reduce the adjustment costs even

further in columns (4) through (1) and the coefficient continues growing up to 2.1339.

The negative relationship between investment-cash flow sensitivity and adjustment

costs (as a proxy for financial constraints) is due to the following: given the persistence

of profitability, when the firm receives a positive shock, it expects that this will

persist. Therefore, it increases its size to take advantage of the greater expected

returns. However, the response to the profit shock (i.e., the increase in size) is stronger

the lower the costs of debt and equity issuance. In other words, more financially

constrained firms have lower investment-cash flow sensitivity. Figure 1.27 graphically

shows these results. The cash flow sensitivity of investment decreases as the costs of
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issuing debt and equity increase.

Regarding the mean of dividends over profits (the payout ratio), Table 1.10 shows

it is negatively related to the costs of adjustment. First, it slightly falls as I increase

the costs of issuing debt and equity. The mean payout ratio is 26.09% in the base

case and falls steadily to 23.91% as the costs of adjustment increase to 200% of the

base case. Second, it grows exponentially as I decrease the costs of debt and equity

issuance. The mean of the payout ratio jumps to 64.93% when the costs of adjustment

are zero.

The negative relationship between issuance costs and the mean payout ratio is

intuitive. The wedge between internal and external funds decreases as adjustment

costs become lower. Thus, the fact that the firm can obtain external funds more

cheaply allows it to use more internal funds to pay higher dividends. Figure 1.28

shows mean dividends over profits as a function of debt and equity issuance costs.

This line is clearly convex for adjustment costs below the base case, but it decreases

quite linearly for adjustment costs greater than the base case.

To summarize, the results of the dynamic model in the present paper are consistent

with Kaplan and Zingales (1997). Specifically, less financially constrained firms have

higher investment-cash flow sensitivity. They also agree with Gomes (2001) and Alti

(2003). That is, in the dynamic model, investment of financially unconstrained firms

is significantly sensitive to liquidity. However, the results in the present article do

not agree with Moyen (2004), mainly because constrained firms in her model are

structurally different from those of my model. Specifically, in my model constrained

firms have access to (costly) external capital and can change the amount of debt as

desired.
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1.10 Conclusion

I estimate a dynamic structural firm model based on the trade-off theory of capital

structure that features endogenous investment, leverage, and payout decisions. The

model explicitly includes the benefits (i.e., interest tax shields) as well as the costs

(i.e., increased probability of financial distress) of debt, that is, the driving forces of

the trade-off theory. I use the Efficient Method of Moments to estimate the structural

parameters that best fit the characteristics of the data.

The dynamic model allows me to reconcile two apparently opposite positions in the

corporate finance literature concerning the evolution of target leverage over time. On

one hand, Hovakimian, Opler, and Titman (2001), Flannery and Rangan (2006), and

Huang and Ritter (2009) suggest that target leverage varies over time as profitability,

growth opportunities, and other firm characteristics change. On the other hand,

Lemmon, Roberts, and Zender (2008) argue that target leverage is largely time-

invariant, and that accounting for time-varying factors has a negligible effect on the

determination of target leverage. Consistent with the first group, I find that target

leverage varies over time as firm characteristics and market conditions change. I also

find that leverage decisions are mean-reverting to a long-run constant value, which

generates the leverage patterns reported by the second group. These results suggest

that the seemingly conflicting empirical evidence presented by both positions might

be reflecting different features of the same decision making process.

By reproducing the experiments of Lemmon, Roberts, and Zender (2008), I find

that the dynamic model can reproduce their results. However, the dynamic model

offers an alternative explanation for the observed convergence of leverage to more

moderate ratios over time. The convergence of leverage emerges as a consequence of

the fact that leverage decisions are mean-reverting because they are functions of a

mean-reverting profit shock. This mean-reversion of leverage is mechanical because

it is driven by the mean-reverting profit shocks, and not by the active efforts of the
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firm to rebalance its leverage toward a largely constant level.

I analyze the persistence of leverage reported by Lemmon, Roberts, and Zender

(2008) in the context of the dynamic model. I reproduce their studies controlling for

all sources of firm heterogeneity and I find that persistence of leverage completely

disappears. Therefore, the results from the dynamic model agree with Lemmon,

Roberts, and Zender (2008) in that the Compustat database might not be rich enough

to capture fundamental firm characteristics concerning debt decisions.

I also use the dynamic model to unify various existing results in the literature. I

find that the dynamic model generates a positive relationship between profitability

and leverage, and a negative relationship between leverage and investment oppor-

tunities, dividends and non-debt tax shields such as depreciation. In addition, the

dynamic model creates a positive relationship between dividends and profitability,

and a negative relationship between dividends and investment opportunities. All of

these findings are consistent with the predictions of the trade-off theory.

The dynamic model also sheds light on the impact of different corporate income

tax rates on tax payments by firms. The main result is that tax revenues are consistent

with the idea of the Laffer curve. That is, tax payments to the government grow as

the tax rate increases. However, at some point they reach a maximum and start to

decrease. Tax payments achieve the maximum for a tax rate between 36% and 41%.

Finally, I investigate the predictions of the dynamic model regarding the debate

between Fazzari, Hubbard, and Petersen (1988) and Kaplan and Zingales (1997).

That is, I study the effects of financial constraints on investment decisions by firms.

The results are consistent with Kaplan and Zingales (1997) in the sense that the

sensitivity of investment to cash flow is higher for firms that are less financially con-

strained.

This article studies all firms in Compustat database and I use random effects in

the structural estimation to address unobserved firm heterogeneity. However, firms

in different industries have different characteristics that impact their speed of mean-
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reversion of leverage as well as the long-run constant level around which leverage

oscillates. By estimating the model for each industry, I could ascertain whether the

relative speed of mean-reversion of leverage and the unconditional mean leverage gen-

erated by the model for each industry is consistent with those observed in Compustat

database. Furthermore, the model generates a positive relationship between profits

and leverage, which is consistent with the predictions of the trade-off theory but in

conflict with the empirical evidence. A thorough investigation of this issue could shed

some light on this apparent inconsistency. This suggests two natural and potentially

productive extensions of this paper.
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Figure 1.1. Dynamic behavior of the firm over time

During period , the firm operated with capital  and had debt . At the end of period

 (i.e., at moment ) the firm receives a realization of the profitability shock, . This

completes the state vector of the firm at moment , namely, (   −). If the shock is

bad enough to make firm value lower than the nominal value of the debt, then the firm

goes into bankruptcy () and is liquidated (), that is, the dynamic process ends. On the

contrary, if the firm avoids bankruptcy ( ), it continues in the business and selects 

and . These choices determine the capital 0 and debt 0 to be used during period + 1.
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Figure 1.2. Value of the firm

The model is parameterized at the values estimated in Section 4. This figure depicts an

example of firm value generated by the dynamic model as a function of leverage, after the

firm receives a profit shock. Firm value is normalized by the value of the all-equity firm.
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Figure 1.3. Empirical distribution of investment ratio decisions

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The histogram shows the empirical distribution

of investment ratio decisions of the firms in the sample.
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Figure 1.4. Empirical distribution of book leverage decisions

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The histogram shows the empirical distribution

of book leverage decisions of the firms in the sample.
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Figure 1.5. Empirical distribution of investment ratio decisions

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The histogram shows the empirical distribution

of investment ratio decisions of the firms in a subset of the sample that excludes observations

with investment greater than 200%.
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Figure 1.6. Empirical distribution of book leverage decisions

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The histogram shows the empirical distribution

of book leverage decisions of the firms in a subset of the sample that excludes observations

with investment greater than 200%.
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Figure 1.7. Unconditional distribution of investment ratio decisions

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The histogram exhibits the unconditional distributions

of investment ratio decisions generated by the dynamic model for a single firm.
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Figure 1.8. Unconditional distribution of book leverage decisions

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The histogram exhibits the unconditional distributions

of book leverage decisions generated by the dynamic model for a single firm.
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Figure 1.9. Simulation of profit shocks

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure exhibits the evolution of profit shocks over time

generated by equation (1).
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Figure 1.10. Unconditional distribution of profit shocks

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The histogram exhibits the unconditional distributions

of profit shocks generated by equation (1).



76

Figure 1.11. Simulation of book leverage decisions

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The figure exhibits the optimal book leverage policy

generated by the dynamic model for a single firm. In each period, the firm receives a

profitability shock and decides next-period optimal leverage. The model generates a target

leverage that depends on the current state of the system (i.e., it varies over time). It also

mean-reverts to a long-run constant level of 44.18% according to estimated parameters.
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Figure 1.12. Simulation of investment decisions

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure exhibits the optimal investment policy generated

by the dynamic model for a single firm. In each period, the firm receives a profitability

shock and decides next-period optimal investment. The model generates an investment

that depends on the current state of the system (i.e., it varies over time). It also mean-

reverts to a long-run constant level of 5.73% per year according to estimated parameters.
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Figure 1.13. Sensitivity analysis of the speed of mean-reversion of book leverage

with respect to per-unit debt and equity issuance costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The figure shows the speed of mean-reversion of book

leverage generated by the dynamic model for a single firm under different per-unit debt

and equity issuance costs. The estimated costs of adjustment of debt (= 000523) and

equity (= 010100) correspond to value 1 or 100% on the x-axis. The counter-factual

adjustment costs of debt and equity are presented as proportions of the estimated ones.
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Figure 1.14. Sensitivity analysis of book leverage with respect to per-unit debt and

equity issuance costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure shows the mean of the unconditional distribution

of book leverage decisions generated by the dynamic model for a single firm under differ-

ent per-unit debt and equity issuance costs. The estimated costs of adjustment of debt

(= 000523) and equity (= 010100) correspond to value 1 or 100% on the x-axis.

The counter-factual adjustment costs of debt and equity are presented as proportions of the

estimated ones.
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Figure 1.15. Simulation of book leverage decisions with no adjustment costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure exhibits the optimal book leverage policy generated

by the dynamic model for a single firm with zero debt and equity issuance costs. In each

period, the firm receives a profitability shock and decides next-period optimal leverage. The

model generates a target leverage that depends on the current state of the system (i.e., it

varies over time). It also mean-reverts to a long-run constant level of 45.31% according to

estimated parameters.
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Figure 1.16. Book leverage decisions of a panel of firms

Each firm in the panel is simulated over 1,000 periods after discarding the first 1,000 ob-

servations to eliminate the influence of an arbitrary initial point. The panel is composed of

10 types of firms and there are 100 identical firms of each type. Each firm type is differ-

ent in the conditional standard deviation of the profitability shock, . The simulation is

parameterized at the values estimated in Section 4. The figure exhibits the optimal book

leverage policy generated by the dynamic model for two different types of firms.



82

Figure 1.17. Actual book leverage portfolios

The figure displays the actual book leverage paths generated by the dynamic model. The

four portfolios are constructed by replicating the procedure described by Lemmon, Roberts,

and Zender (2008). Each line represents the average actual book leverage of each portfolio.

The sample in this analysis includes 1,000 firms, which are simulated at the estimated values

of the parameters. This sample is divided into 10 different types, each of which includes 100

identical firms. The types differ in parameter , which captures the conditional standard

deviation of the profitability shock. Each firm is simulated over 1,000 periods after removing

the first 1,000 observations to eliminate the influence of the starting conditions.
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Figure 1.18. Net debt issuance activity

The figure displays the net debt issuance activity of the unexpected book leverage portfolios

generated by the dynamic model. The four portfolios are constructed by replicating the

procedure described by Lemmon, Roberts, and Zender (2008). Each line represents the

average net debt issuance activity (scaled by beginning-of-period book assets) for each of

the four portfolios. The sample in this analysis includes 1,000 firms, which are simulated at

the estimated values of the parameters. This sample is divided into 10 different types, each

of which includes 100 identical firms. The types differ in parameter , which captures the

conditional standard deviation of the profitability shock. Each firm is simulated over 1,000

periods after removing the first 1,000 observations to eliminate the influence of the starting

conditions.
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Figure 1.19. Net equity issuance activity

The figure displays the net equity issuance activity of the unexpected book leverage port-

folios generated by the dynamic model. The four portfolios are constructed by replicating

the procedure described by Lemmon, Roberts, and Zender (2008). Each line represents the

average net equity issuance activity (scaled by beginning-of-period book assets) for each of

the four portfolios. The sample in this analysis includes 1,000 firms, which are simulated at

the estimated values of the parameters. This sample is divided into 10 different types, each

of which includes 100 identical firms. The types differ in parameter , which captures the

conditional standard deviation of the profitability shock. Each firm is simulated over 1,000

periods after removing the first 1,000 observations to eliminate the influence of the starting

conditions.
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Figure 1.20. Unexpected book leverage portfolios

The figure displays the unexpected book leverage paths generated by the dynamic model.

The four portfolios are constructed by replicating the procedure described by Lemmon,

Roberts, and Zender (2008). Each line represents the average unexpected book leverage of

each portfolio. The sample in this analysis includes 1,000 firms, which are simulated at the

estimated values of the parameters. This sample is divided into 10 different types, each of

which includes 100 identical firms. The types differ in parameter , which captures the

conditional standard deviation of the profitability shock. Each firm is simulated over 1,000

periods after removing the first 1,000 observations to eliminate the influence of the starting

conditions.
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Figure 1.21. Unexpected book leverage portfolios controlling the conditional stan-

dard deviation of the profitability shock

The figure displays the unexpected book leverage paths generated by the dynamic model,

after controlling for firm heterogeneity. The four portfolios are constructed by replicating

the procedure described by Lemmon, Roberts, and Zender (2008). Each line represents the

average unexpected book leverage of each portfolio. The sample in this analysis includes

1,000 firms, which are simulated at the estimated values of the parameters. This sample is

divided into 10 different types, each of which includes 100 identical firms. The types differ in

parameter , which captures the conditional standard deviation of the profitability shock.

Each firm is simulated over 1,000 periods after removing the first 1,000 observations to

eliminate the influence of the starting conditions.
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Figure 1.22. Simulation of payout decisions

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure shows the optimal dividend policy generated by

the dynamic model for a single firm. In periods of high profitability, the firm pays dividends

(cash dividends and/or share repurchases) to its shareholders. Dividends (scaled by profits)

oscillate around a long-run mean payout ratio of 26.10% according to estimated parameters.
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Figure 1.23. Laffer Curve

The “normal range” is the upward-sloping part of the bell-shaped curve, while the “pro-

hibitive range” is the downward-sloping part of the Laffer curve.
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Figure 1.24. Sensitivity analysis of income tax revenues with respect to income tax

rate

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure shows the firm’s mean income tax payment gen-

erated by the firm model under different income tax rates. The mean income tax payments

have been normalized with respect to column (4) in Table 1.7, i.e. the tax payments with

the tax rate at 40%. Furthermore, all these values are the mean of a long simulation of the

model.
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Figure 1.25. Sensitivity analysis of book leverage with respect to income tax rate

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure shows the mean book leverage generated by the

firm model under different income tax rates. These values are the mean of a long simulation

of the model.
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Figure 1.26. Sensitivity analysis of net earnings with respect to income tax rate

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The figure shows the mean net earnings generated by the

firm model under different income tax rates. These values are the mean of a long simulation

of the model.
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Figure 1.27. Sensitivity analysis of investment-cash flow relationship with respect

to per-unit debt and equity issuance costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The figure shows the sensitivity of investment to cash

flow generated by the dynamic model under different per-unit debt and equity issuance

costs. The estimated costs of adjustment of debt (= 000523) and equity (= 010100)

correspond to value 1 or 100% on the x-axis. The counter-factual adjustment costs of debt

and equity are presented as proportions of the estimated ones.
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Figure 1.28. Sensitivity analysis of dividends over profits with respect to per-unit

debt and equity issuance costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The figure shows the mean of dividends over profits gen-

erated by the dynamic model under different per-unit debt and equity issuance costs. The

estimated costs of adjustment of debt (= 000523) and equity (= 010100) correspond

to value 1 or 100% on the x-axis. The counter-factual adjustment costs of debt and equity

are presented as proportions of the estimated ones.
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Variable Mean Median
Standard 
Deviation

Min Max Skewness Kurtosis
Jarque-

Bera 
Statistic

p-Value

Investment Ratio 0.44525 0.06215 14.89585 -0.99768 2,577.67 124.30 18,641.30 1.62E+12 0.00000
Book Leverage 0.46349 0.46847 0.23188 0.00000 1.00000 0.06537 2.20918 2,996.77 0.00000
# Observations 111,944

Table 1.1. Summary statistics of the sample

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The table presents the mean, median, standard

deviation, minimum and maximum values, skewness, and kurtosis of the final sample. The

table also contains the Jarque-Bera test statistic and its p-value. The Jarque-Bera (1987)

test takes the sample skewness and kurtosis and produces a goodness-of-fit measure of

departure from normality. The normal distribution has a skewness of 0 and a kurtosis of 3.

The Jarque-Bera test statistic has an asymptotic chi-square distribution with two degrees

of freedom. The 90% critical value for a 2(2) random variable is 5.99. Investment ratio is

[0− (1− )][(1− )], while book leverage is 00.
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Variable Mean Median

Standard 
Deviation

Min Max Skewness Kurtosis
Jarque-

Bera 
Statistic

p-Value

Investment Ratio 0.11584 0.05630 0.36874 -0.99768 1.99984 1.61052 8.08297 164,535.61 0.00000
Book Leverage 0.46554 0.47069 0.23013 0.00000 1.00000 0.06291 2.22262 2,817.78 0.00000

# Observations 109,049

Table 1.2. Summary statistics of a subset of the sample

The sample consists of all firms in the Compustat database from 1988 to 2009, except reg-

ulated, financial or public service firms. The table presents the mean, median, standard

deviation, minimum and maximum values, skewness, and kurtosis of a subset of the sample

that excludes observations with investment greater than 200%. The table also contains the

Jarque-Bera test statistic and its p-value. The Jarque-Bera (1987) test takes the sample

skewness and kurtosis and produces a goodness-of-fit measure of departure from normality.

The normal distribution has a skewness of 0 and a kurtosis of 3. The Jarque-Bera test statis-

tic has an asymptotic chi-square distribution with two degrees of freedom. The 90% critical

value for a 2(2) random variable is 5.99. Investment ratio is [0− (1− )][(1− )],

while book leverage is 00.
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Table 1.3. EMM estimates of model parameters

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The table presents Efficient Method of Moments

(EMM) estimates, standard errors, and t-statistics of model parameters. These parameters

are: the capital depreciation rate (), the persistence parameter of the profitability process

(), the parameters that capture the scale of the profitability shock ( ), the constant

coefficient of the profitability shock process (), the concavity of the operating profit function

(), the per-unit costs of issuing debt () and equity (), the per-unit costs of partial

reversibility of capital (), and the direct costs of bankruptcy ().
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
0% 20% 40% 60% 80% 100% 120% 140% 160% 180% 200%

Speed of M-R 0.5048 0.5079 0.4209 0.3719 0.3518 0.3350 0.3164 0.3005 0.2933 0.3017 0.2811
Half-Life 0.9862 0.9776 1.2689 1.4902 1.5986 1.6991 1.8223 1.9393 1.9968 1.9302 2.1000

Mean 0.4531 0.4560 0.4505 0.4482 0.4448 0.4418 0.4406 0.4363 0.4348 0.4319 0.4300
Median 0.4516 0.4545 0.4500 0.4500 0.4444 0.4375 0.4375 0.4324 0.4324 0.4285 0.4242
St. Dev. 0.0382 0.0329 0.0338 0.0351 0.0359 0.0364 0.0366 0.0361 0.0362 0.0354 0.0354
Minimum 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500 0.2222 0.2222 0.2222
Maximum 0.6315 0.6153 0.6315 0.6153 0.6486 0.6499 0.6499 0.6499 0.6499 0.6666 0.6666
Range 0.3815 0.3653 0.3815 0.3653 0.3986 0.4000 0.4000 0.4000 0.4277 0.4444 0.4444
Skewness -0.1348 -0.0435 0.0918 0.2877 0.5036 0.5609 0.6004 0.6712 0.6463 0.7125 0.5097
Kurtosis 3.4671 3.4812 3.6659 4.0511 4.0480 4.2292 4.3354 4.6402 4.7278 5.0612 5.3183

# Simulations

Per-unit Costs of Debt and Equity Issuance
Book 

Leverage

4,000,000

Table 1.4. Sensitivity analysis of the speed of mean-reversion of book leverage with

respect to per-unit debt and equity issuance costs

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at

the values estimated in Section 4. The table shows the speed of mean-reversion of book

leverage, the corresponding half-life, and different properties of the asymptotic distribution

of book leverage decisions generated by the dynamic model for a single firm under different

per-unit debt and equity issuance costs. The estimated per-unit costs of adjustment of debt

(= 000523) and equity (= 010100) are shown in column (6) under heading “100%”.

The counter-factual per-unit adjustment costs of debt and equity are presented in the other

columns as proportions of the estimated ones.
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Speed of M-R 0.2777 0.3146 0.5435 0.1146 0.2039 0.3819 0.3792

(149.22) (135.61) (180.13) (219.99) (307.68) (449.22) (439.40)
Intercept 0.4799 0.3916 0.1224 -0.3156 -0.1950 -0.1224 0.4956

(134.65) (116.52) (58.75) (-95.45) (-107.16) (-131.69) (220.09)
Initial Leverage 0.2005 -0.1878 0.6371 -0.0001 0.0164

(26.53) (-37.64) (210.86) (-0.06) (8.27)
Mean Leverage 0.9196 1.0129

(112.08) (313.29)
Conditional SD Profits ‐0.3903

(-295.70)
Profitability 0.0236 0.0124 -0.0047 2.1210 1.2144 0.6708 0.6952

(5.76) (3.42) (-2.35) (357.49) (372.01) (402.99) (401.33)
Market-to-Book -0.0002 -0.0002 -0.0001 0.1444 0.0643 0.0165 0.0185

(-2.52) (-2.50) (-2.77) (245.54) (192.99) (92.27) (99.70)
Lagged Dividends 0.0279 0.0298 0.0121 0.2018 -0.0003 -0.1237 ‐0.1189

(1.36) (1.65) (1.21) (14.58) (-0.04) (-31.65) (-29.28)
Half-Life 2.13 1.83 0.88 5.70 3.04 1.44 1.45

Adjusted R2
0.52 0.53 0.56 0.77 0.78 0.80 0.80

# Observations 111,944 1,000,000

Variable
Book Leverage

Compustat Data Simulated Data

Table 1.5. Regressions to explain changes in book leverage

The observed panel consists of all firms in the Compustat database from 1988 to 2009,

except regulated, financial or public service firms. The simulated panel is composed of

1,000 firms and is divided into 10 types of 100 identical firms. Each type is different in

parameter , which ranges from 0.7 to 1.5. This parameter captures the conditional stan-

dard deviation of the profitability shock of each firm type. The simulation is parameterized

at the values estimated in Section 4. The table shows the regression coefficients of book

leverage, +1+1, on initial leverage, 00, mean leverage, (Σ
−1
=0 ) , the

conditional standard deviation of profitability shocks,  , profitability (operating prof-

its), ( ), investments opportunities (market-to-book ratio), , lagged div-

idends, , and lagged book leverage, . The numbers in parentheses are the

t-statistics for the regression coefficients.
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Intercept 0.4814 0.2676 0.0668 0.4501 0.2053 0.0477 0.6579

(769.40) (223.43) (54.67) (916.07) (423.62) (116.91) (1002.50)
Initial Leverage 0.4844 -0.1009 0.6029 0.0016 0.0198

(199.35) (-34.46) (814.00) (1.77) (22.02)
Mean Leverage 0.9565 0.9868

(269.88) (869.07)
Conditional SD Profits ‐0.3792

(-836.80)
Profitability 0.0192 -0.0061 -0.0121 0.2254 0.2547 0.2726 0.2717

(11.71) (-4.19) (-10.25) (168.10) (244.85) (347.01) (340.46)
Market-to-Book -0.0005 -0.0003 -0.0002 -0.0263 -0.0220 -0.0193 ‐0.0195

(-12.34) (-9.12) (-5.90) (-212.81) (-230.03) (-267.15) (-264.99)
Lagged Dividends -0.0503 -0.0149 -0.0047 -0.5886 -0.4088 -0.2959 ‐0.3005

(-6.12) (-2.06) (-0.81) (-193.49) (-172.25) (-164.77) (-164.70)

Adjusted R2
0.00 0.23 0.49 0.11 0.47 0.70 0.70

# Observations 111,944 1,000,000

Variable
Compustat Data

Book Leverage
Simulated Data

Table 1.6. Regressions to explain the level of book leverage

The observed panel consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The simulated panel is composed of 1,000 firms

and is divided into 10 types of 100 identical firms. Each type is different in parameter ,

which ranges from 0.7 to 1.5. This parameter captures the conditional standard deviation

of the profitability shock of each firm type. Each firm is simulated over 1,000 periods after

discarding the first 1,000 observations to eliminate the influence of an arbitrary initial point.

The simulation is parameterized at the values estimated in Section 4. The table shows the

regression coefficients of book leverage, +1+1, on initial leverage, 00, mean

leverage, (Σ−1
=0 ) , the conditional standard deviation of profitability shocks,  ,

profitability (operating profits), ( ), investment opportunities (market-to-book

ratio), , and lagged dividends, . The numbers in parentheses are the t-

statistics for the regression coefficients.
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Initial Leverage 0.9974 0.0160 0.8277 0.0000 0.0000
Mean Leverage 0.9821 0.8965
Conditional SD Profits 0.8901
Profitability 0.4194 0.0004 0.0014 0.2546 0.0729 0.0568 0.0580
Market-to-Book 0.4660 0.0021 0.0005 0.4081 0.0627 0.0339 0.0359
Lagged Dividends 0.1146 0.0001 0.0000 0.3373 0.0367 0.0129 0.0161

Adjusted R2 0.00 0.23 0.49 0.11 0.47 0.70 0.70

# Observations 111,944 1,000,000

Variable
Book Leverage

Compustat Data Simulated Data

Table 1.7. Analysis of variance (ANOVA) for book leverage regressions

The observed panel consists of all firms in the Compustat database from 1988 to 2009,

except regulated, financial or public service firms. The simulated panel is composed of

1,000 firms and it is divided into 10 types of 100 identical firms. Each type is different

in parameter , which ranges from 0.7 to 1.5. This parameter captures the conditional

standard deviation of the profitability shock of each firm type. Each firm is simulated over

1,000 periods after discarding the first 1,000 observations to eliminate the influence of an

arbitrary initial point. The simulation is parameterized at the values estimated in Section

4. The table exhibits the variance decomposition for different model specifications for book

leverage. The analysis of variance uses the Type III sum of squares for each effect in the

model. The estimates are normalized to add up to one. Book leverage is +1+1, initial

leverage is 00, mean leverage is (Σ
−1
=0 ) , the conditional standard deviation

of profitability shocks is  , profitability (operating profits) is ( ), investment

opportunities (market-to-book ratio) is , and lagged dividends is .
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(1) (2) (3) (4) (5)
Intercept 0.0604 0.0171 0.0599 0.0000 0.0424

(430.38) (670.00) (424.84) (0.03) (207.86)
Initial Dividend 0.0139 0.0140 0.0019 0.0014

(13.67) (15.38) (1.85) (1.51)
Mean Dividend 0.9979 1.0564

(100.39) (118.07)
Profitability 0.0575 0.0580 0.0566

(138.32) (139.81) (137.19)
Market-to-Book -0.0146 -0.0145 -0.0146

(-398.45) (-397.28) (-403.49)

Adjusted R2 0.19 0.00 0.19 0.01 0.20
# Simulations 1,000,000

Dividends
Variable

Table 1.8. Regressions to explain the level of dividends

The simulated panel is composed of 1,000 firms and it is divided into 10 types of 100

identical firms. Each type is different in parameter , which ranges from 0.7 to 1.5. This

parameter captures the conditional standard deviation of the profitability shock of each firm

type. Each firm is simulated over 1,000 periods after discarding the first 1,000 observations

to eliminate the influence of an arbitrary initial point. The simulation is parameterized

at the values estimated in Section 4. The table exhibits the regression coefficients of divi-

dends, +1+1, on initial dividend, 00, mean dividend, (Σ
−1
=0 ) ,

profitability (operating profits), ( ), and investment opportunities (market-to-

book ratio), . The numbers in parentheses are the t-statistics for the regression

coefficients.



102

  Base Case
(1) (2) (3) (4) (5) (6) (7)

Income Tax Rate 25.00% 30.00% 35.00% 40.00% 45.00% 50.00% 55.00%

Operating Income 0.9517 0.9644 0.9742 1.0000 1.0382 1.0859 1.1091

Depreciation 0.9196 0.9393 0.9563 1.0000 1.0676 1.1603 1.2199
Debt Issuance Costs 0.9023 0.9363 0.9112 1.0000 0.9370 0.5305 0.2715
Equity Issuance Costs 0.6113 0.6819 0.8785 1.0000 1.4371 1.9934 2.8839
Partial Reversibility Costs 1.4158 1.3144 1.2174 1.0000 0.7021 0.2032 0.0119
Interest Payments 0.5234 0.6478 0.8023 1.0000 1.3413 1.7706 2.3855
Pre-Tax Income 1.2744 1.2056 1.1114 1.0000 0.7972 0.5300 0.1147
Income Tax 0.7965 0.9042 0.9725 1.0000 0.8969 0.6626 0.1577
Net Earnings 1.5930 1.4065 1.2040 1.0000 0.7308 0.4417 0.0860

Book Leverage 26.90% 31.86% 37.77% 44.18% 52.69% 61.14% 73.35%

# Simulations 4,000,000

Table 1.9. Sensitivity analysis of income tax revenues with respect to tax rates

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The table shows the firm’s mean income statement and mean

book leverage generated by the firm model under different income tax rates. The “Base

case” is the firm’s mean income statement at the estimated values of the parameters, an

income tax rate ( ) of 40% and a discount factor () of 0.98. All the values in this table

(except the last row) have been normalized with respect to column (4), i.e. the one with

the tax rate at 40%. Furthermore, all these values are the mean of a long simulation of the

model.
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
0% 20% 40% 60% 80% 100% 120% 140% 160% 180% 200%

Intercept -0.5114 -0.4695 -0.4476 -0.4242 -0.4097 -0.3905 -0.3695 -0.3514 -0.3368 -0.3248 -0.3090
(-870.23) (-847.19) (-864.39) (-860.19) (-862.74) (-856.59) (-861.21) (-870.31) (-862.39) (-841.06) (-845.85)

Cash Flows/Assets 2.1339 1.9598 1.9071 1.8502 1.8208 1.7651 1.7363 1.6999 1.6866 1.6456 1.6211
(1143.83)(1158.55)(1214.35)(1238.62)(1258.48)(1278.08) (1311.45)(1358.98)(1363.72)(1352.74)(1381.21)

M-B Ratio 0.1105 0.1036 0.0982 0.0924 0.0887 0.0843 0.0786 0.0737 0.0693 0.0668 0.0627
(735.13) (715.53) (725.71) (716.23) (714.56) (705.92) (701.98) (701.28) (686.59) (666.27) (663.67)

Adjusted R2 0.59 0.60 0.62 0.62 0.63 0.64 0.65 0.66 0.66 0.66 0.67

Mean Dividends/Profits 0.6493 0.4206 0.3257 0.2848 0.2701 0.2609 0.2491 0.2514 0.2474 0.2456 0.2391

# Simulations 4,000,000

Variable
Per-unit Costs of Debt and Equity Issuance

Table 1.10. Sensitivity analysis of investment-cash flow relationship with respect to

the costs of issuing debt and equity

The model is simulated over 4,000,000 periods after removing the first 1,000 observations

to eliminate the influence of the starting conditions. The simulation is parameterized at the

values estimated in Section 4. The table shows the results of regressing investment decisions

on cash flow and Q under different costs of issuing debt and equity. The table also displays

mean dividends over profits. The “Base case” column shows the previous results at the

estimated values of the parameters, an income tax rate ( ) of 40% and a discount factor

() of 0.98.
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 L μ L g L r L p K z I z K x I x dim( θ) s n BIC
0 0 0 1 0 0 0 0 5 0.07146 0.07173
1 0 0 1 0 0 0 0 9 -0.29371 -0.29321
2 0 0 1 0 0 0 0 13 -0.26582 -0.26510
3 0 0 1 0 0 0 0 17 -0.26344 -0.26250
4 0 0 1 0 0 0 0 21 -0.19515 -0.19399

1 0 1 1 0 0 0 0 15 -0.30539 -0.30457
1 0 2 1 0 0 0 0 21 -0.30022 -0.29906
1 0 3 1 0 0 0 0 27 -0.37497 -0.37348
1 0 4 1 0 0 0 0 33 -0.36655 -0.36474

1 0 3 1 1 1 0 0 30 2.24495 2.24655
1 0 3 1 2 2 0 0 32 2.29419 2.29589
1 0 3 1 3 3 0 0 34 2.20703 2.20885
1 0 3 1 4 4 0 0 36 2.98970 2.99162
1 0 3 1 5 5 0 0 38 1.58752 1.58956
1 0 3 1 6 6 0 0 40 1.02463 1.02671

1 1 3 1 0 0 0 0 30 -0.35088 -0.34923
1 2 3 1 0 0 0 0 33 -0.36638 -0.36456
1 3 3 1 0 0 0 0 36 -0.37476 -0.37279

1 4 3 1 0 0 0 0 39 -0.37043 -0.36812

Table 1.11. SNP density function selection

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The table exhibits the family of density functions

for the sample of investment and leverage decisions. Each density function (i.e., each row)

is characterized by a set of tuning parameters, which are the following:  is the lag length

of the location function,  is the lag length of the GARCH part of the scale function,

 is the lag length of the ARCH part of the scale function.  is the lag length in the

−1 component of  ( −1),  is the degree of the Hermite polynomial along the 

dimension,  is the degree of the Hermite polynomial along the  dimension, and  and

 filter out the cross product terms of the polynomial expansion. The remaining columns

are: () is the dimension of the parameter vector of the SNP density function,  is the

sample objective function, and  is the Schwarz Bayes Information Criterion. The bold

row shows the BIC-preferred model, that is, the density function that best fits the data.
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  Parameter Estimate Standard Error t-Statistic
Mean
Intercept

b 0 (i) 0.07530 0.00162 46.51

b 0 (l) 0.12702 0.00074 172.45

VAR( 1)

B 1 (i,i) 0.23742 0.00316 75.21

B 1 (i,l) -0.02554 0.00316 -8.09

B 1 (l,i) 0.01183 0.00155 7.65

B 1 (l,l) 0.73574 0.00143 513.84

Table 1.12. SNP density function estimation

The sample consists of all firms in the Compustat database from 1988 to 2009, except

regulated, financial or public service firms. The table shows the estimates, standard errors,

and t-statistics of the vector of parameters of the selected semi-nonparametric (SNP) density

function, that is, the one that best fits the data. The preferred density function is a bivariate

normal density function with a  (1) structure for the mean (i.e.,  = 1) and an

(3) structure for the variance (i.e.,  = 3). Argument “i” refers to investments

and argument “l” refers to leverage.
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  Parameter Estimate Standard Error t-Statistic
Variance
Intercept

p 0 (i) 0.14582 0.00071 204.68

p 0 (i,l) -0.04491 0.00108 -41.70

p 0 (l) 0.08388 0.00037 223.84

ARCH( 3)

P 1 (i,i) 0.05613 0.00271 20.69

P 1 (i,l) 0.19348 0.00540 35.81

P 1 (il,i) 0.09656 0.00392 24.65

P 1 (il,l) 0.05097 0.00718 7.10

P 1 (l,i) 0.03597 0.00146 24.65

P 1 (l,l) 0.03618 0.00216 16.72

P 2 (i,i) 0.10954 0.00302 36.32

P 2 (i,l) 0.08999 0.00448 20.08

P 2 (il,i) -0.01937 0.00439 -4.41

P 2 (il,l) 0.10001 0.00732 13.66

P 2 (l,i) 0.04168 0.00156 26.72

P 2 (l,l) 0.20367 0.00331 61.62

P 3 (i,i) 0.16464 0.00321 51.32

P 3 (i,l) 0.30434 0.00590 51.57

P 3 (il,i) 0.09904 0.00439 22.57

P 3 (il,l) 0.07434 0.00819 9.07

P 3 (l,i) 0.07204 0.00162 44.46

P 3 (l,l) 0.21370 0.00288 74.11

Table 1.13. SNP density function estimation - continued
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1.11 Appendix 1. Implementation of the model

The model in this paper cannot be solved in closed-form. However, its solution can be

approximated numerically. The numerical solution of the dynamic model is obtained

via value function iteration, as described by Judd (1998).

In order to implement the model, I need to discretize the state space of , , and

. I let the capital stock, , belong to the set

e = ∙ 1
21


2

21
 

20

21
 

¸
(1.29)

where  satisfies equation (1.9). The stock of debt, , lies in the set

e =

∙
0
1

20
 

19

20
 

¸
(1.30)

with  also satisfying equation (1.9).

I transform the AR(1) process for the profitability shock, , defined in (1.1) into

a discrete-state Markov chain following the quadrature method of Tauchen (1986). I

let  have 11 points of support in the set

e = " 

1− 
− 3 p

1− 2




1− 
+ 3

p
1− 2

#
(1.31)

where  (1− ) is the unconditional mean of z and 
p
1− 2 is the unconditional

standard deviation of the profitability shock. This implies that, in the numerical

implementation of the model, z can only take on 11 values in the interval ±3 un-
conditional standard deviations around the unconditional mean of the profitability

shock.

1.12 Appendix 2. Construction of the Semi-Nonparametric

(SNP) Density Function

Let {} denote the true stochastic process of investment rate and leverage. The
data are assumed to be a realization of a stationary time series. Let the conditional
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distribution of , ( | −1 −2 ), depend only on  lags of the data, and let −1
be the vector that collects the lags −. Therefore,  is a vector of length 2, −1 =

(−0  −+10   −10)0 is a vector of length 2, and the conditional distribution of

 can be written as ( | −1). The objective is to closely approximate the true
conditional distribution, ( | −1), using an SNP density function ( | −1 ).
This function has the following form

( | −1 ) =

£
−1−1

¡
 − −1

¢ |−1¤
det

¡
−1−1

¢ (1.32)

where −1 is the location function, −1 is the scale function, and (|−1) is the
conditional density of innovation .

The location function is linear and has the form

−1 = 0 +1− +2−+1 + +−1

= 0 +−1
(1.33)

where 0 is a 2x1 vector and  is a 2x2 matrix.

The scale function is an upper triangular matrix that depends on −1 and can be

constructed in the following way


¡
−1

¢
= 0 +

X
=1



¯̄̄
−1−+ − −2−+

¯̄̄
+

X
=1

 () 
³
−2−+

´
(1.34)

where 
¡
−1

¢
contains the elements of the upper triangle of matrix −1 . That

is, 
¡
−1

¢
is a 3x1 vector. Vector 0 is 3x1, matrices 1 through  are 3x2,

and vectors 1 through  are 3x1. This is a GARCH( ) specification of the

scale function. Setting the  vectors to zero yields an ARCH() specification of the

scale function. Additionally,
P

−1 = −1
0
−1 

The conditional density (|−1) has the form of a Hermite polynomial

( | −1) = [ ( −1)]
2
 ()R

[ ( −1)]
2
 () 

(1.35)
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where  ( −1) is a polynomial in ( −1) of degree  and () is a standard

normal density function. In the present study, () is bivariate.

Polynomial  ( −1) can be written in rectangular form as

 ( −1) =
X
=1

Ã
X
=1



−1

!
 (1.36)

where  and  are multi-indexes of maximal degrees  and , respectively, and

 =  +.

Therefore, the parameter vector of the SNP density is

 =

µ
{}0  00 

³
{}=1

´0
 00 

³
{}=1

´0
 {} 0=1

¶0
 (1.37)

It is convenient now to discriminate among the different lag lengths that appear

in the SNP density:  is the number of lags in −1 , + is the number of lags in

−1 , and  is the number of lags in the −1 component of  ( −1). In addition,

 = (  +  ).

When multivariate stochastic processes require a high degree Hermite polynomial

to fit them, several possibly unnecessary interactions or cross product terms appear.

Therefore, two additional tuning parameters,  and , filter out these high order

interactions. For example, a positive  implies that all interactions of order larger

than  −  are eliminated. The same reasoning applies to .

Finally, the set of tuning parameters of the SNP density is

(       )  (1.38)

The objective of this first step of the EMM procedure is to generate a family of

density functions for the joint distribution of the data, namely, investment and lever-

age decisions, and to select that density function that achieves the optimal description

of the data. This family is created by changing the tuning parameters of the SNP

density. Different values of the tuning parameters imply different characterizations
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of the process for .
13

For a particular choice of the tuning parameters, I need to estimate , the para-

meter vector of the SNP density, by minimizing the sample objective function

e = argmin  ()
 () = − 1



P

=1 log  (|−1 )
(1.39)

where  is the length of the observed time series.

After selecting different values for the tuning parameters and doing the corre-

sponding minimization step, I have the family of density functions from which I can

choose the one that best fits the data in the most parsimonious way. To search for

the optimal model, Gallant and Tauchen (1998) suggest using the Schwarz Bayes

Information Criterion (BIC) (Schwarz (1978)), which is computed as

 = 

³e´+ 1
2

dim ()


log ()  (1.40)

Their suggestion is to move upward along an expansion path searching for low

values of the criterion until a satisfactory model is found. The first term of the

criterion rewards models that achieve good fits (i.e., low 

³e´) and the second
term penalizes models that are not parsimonious (i.e., large ()).

Table 1.11 shows the family of density functions and the model selection strategy.

I start expanding the number of lags of the location function, , and find out that

 = 1 achieves the lowest BIC value. Next, I expand the number of lags of the

ARCH part of the scale function, , and discover that  = 3 generates the lowest

BIC value. Then I expand , but the BIC values and the t-statistics of the Hermite

polynomial suggest this expansion is not warranted. Finally, I expand the number

of lags of the GARCH part of the scale function, , but the BIC values and the

t-statistics suggest this expansion is not acceptable. Therefore, the BIC-preferred

13Gallant and Tauchen (2009) provide a complete description of the restrictions implied by different

settings of the tuning parameters.
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model is14

(       ) = (1 0 3 1 0 0 0 0)  (1.41)

This result implies that the SNP density function that best characterizes the stochas-

tic process of investment and leverage decisions is a bivariate normal density function

with a VAR(1) structure for the location function and an ARCH(3) structure for the

scale function.

Tables 1.12 and 1.13 display the estimates, standard errors, and t-statistics of the

vector of parameters of the selected SNP density function. All the coefficients are

highly statistically significant.

14 ≥ 1 is a convention in the literature. It was adopted for programming convenience and it is
irrelevant when  = 0.
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