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Abstract

The ultimate goal of asset pricing theory is to provide a general equilibrium explana-

tion of how asset returns and consumption are jointly determined. Corporate financing,

investment, hedging, liquidity, and payout decisions are endogenously determined, and

have an effect on this equilibrium. In turn, firms’ decisions appear to be influenced by

stock market activity. Chapter 2, ”Collateral-Based Asset Pricing”, constructs an asset

pricing model, the Corporate CAPM, from firms’ hedging behavior. Chapter 3, ”The

Relative Leverage Premium”, revisits the complex relationship between financial leverage

and expected equity returns through the lens of the tradeoff theory of capital structure.

Chapter 4, ”Dynamic Corporate Liquidity”, studies the corporate finance implications of

hedging, an economic mechanism with fundamental asset pricing implications.
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1

Chapter 1

Introduction

The ultimate goal of asset pricing theory is to provide a general equilibrium explana-

tion of how asset returns and consumption are jointly determined. Corporate financing,

investment, hedging, liquidity, and payout decisions are endogenously determined, and

have an effect on this equilibrium. In turn, firms’ decisions appear to be influenced by

stock market activity. Related research in dynamic corporate finance contributes to this

goal. The drivers of corporate investment, financing, and liquidity policies can be better

undrestood through the lens of dynamic quantitative models of investment and financing,

and of dynamic contracting models.

In Chapter 2, ”Collateral-Based Asset Pricing”, I build on recent corporate finance

studies that show that hedging is a first-order driver of corporate decisions. I use firms’

hedging behavior to build a novel asset pricing model, the Corporate CAPM. I propose

a dynamic contracting framework in which firms hedge by transferring resources to fu-

ture states that are most important for firm’s value. Firms have limited funds because

of collateral constraints that endogenously arise from agency conflicts between firms and

lenders. The amount of resources firms can devote to hedging is therefore limited. In

the model, firms’ hedging behavior is informative on the shareholders’ stochastic discount

factor, which measures the value of each state. As a consequence, discount rates can be

inferred from firm’s observed investment, financing, and hedging policies. On the corpo-

rate finance side, a calibrated version of the model is broadly consistent with observed

corporate policies of US listed firms. On the asset pricing side, the Corporate CAPM

is successful in pricing different test assets, also in comparison to leading asset pricing

models.

In Chapter 3, ”The Relative Leverage Premium”, co-authored with Filippo Ippolito

and Claudio Tebaldi, we revisit the relationship between financial leverage and expected

equity returns. The existing empirical evidence on the relationship between leverage
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2

and expected equity returns is inconclusive, both in terms of sign and significance. We

re-examine this evidence in a setting in which firms pursue an optimal leverage policy

dynamically in the presence of frictions, and can temporarily deviate from their optimal

capital structure. These frictions produce heterogeneity in the cross-section of observed

leverage, and make the relationship between returns and leverage complex to examine

empirically. We remove this heterogeneity by looking at relative leverage, computed as

the difference between observed and target leverage. We estimate target leverage using

three different proxies: the partial adjustment model of Flannery and Rangan [2006],

four-digit SIC code industry median leverage, and firm median leverage. We show that,

for all proxies, relative leverage is positively and significantly related to expected equity

returns. This suggests a novel interpretation of the relation between leverage and equity

returns, through a capital structure channel that operates via capital structure imbalances.

Chapter 4, ”Dynamic Corporate Liquidity”, co-authored with Boris Nikolov and Lukas

Schmid, focuses on firms’ liquidity policies. When external finance is costly, liquid funds

provide corporations with instruments to absorb and react to shocks. Making optimal

use of liquid funds means transferring them to times and states where they are most

valuable. We examine the determinants of corporate liquidity management in a dynamic

model where stochastic investment opportunities and cash shortfalls provide liquidity

needs. Firms can transfer liquidity across time using cash, and across states drawing on

credit lines subject to debt capacity constraints. We generate empirical and quantitative

predictions by means of calibration. Small and constrained firms use cash to provide

liquidity to fund investment opportunities, while large and unconstrained firms manage

their liquidity needs by means of credit lines. In the time series, equity issuances are used

to replenish cash balances, and credit lines to fund unanticipated investment opportuni-

ties. We find strong support for our predictions in the data. Overall, the model provides

a quantitatively and empirically successful framework explaining corporate investment,

financing and liquidity policies and the joint occurrence of cash, debt and credit lines in

the presence of capital market imperfections.
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Chapter 2

Collateral-Based Asset Pricing

2.1 Introduction

Stochastic discount factors are the cornerstone of modern asset pricing. They allow to

compute asset prices as the expected discounted value of future cashflows. Asset pricing

theory ordinarily derives a stochastic discount factor from the optimizing behavior of an

investor who decides over consumption and portfolio allocations. In this paper, I instead

build upon corporate finance theory to identify a stochastic discount factor from firms’

policies.1 This leads to a novel asset pricing model, the Corporate CAPM.

Specifically, I recover a stochastic discount factor from firms’ hedging behavior. Hedg-

ing is not only a pivotal economic mechanism in corporate finance, but also a fundamental

channel through which firms transfer resources across states of the world.2 A firm that

hedges a state reveals information on the importance of that state for its own value. The

value of each state is also measured by the owners’ stochastic discount factor. Therefore,

the stochastic discount factor can be identified through observed firms’ decisions, and

used to price the assets in the economy. The concept of hedging I entertain here draws on

the close connection between collateralized financing and risk management recognized by

Rampini and Viswanathan [2010], and Rampini and Viswanathan [2013]. Hedging and

financing both involve promises to pay from the firm to external lenders in some states of

the world. Collateral constraints arising from limited enforcement restrict such promises,

and hence the amount of resources firms can effectively transfer across states.

The Corporate CAPM expresses the stochastic discount factor in terms of firms’ char-

acteristics, and can be approximated as a linear two-factor model. The factors are a

1Related works by Cochrane [1993], Belo [2010], and Jermann [2010] also attempt to recover a stochas-
tic discount factor from the production side of the economy.

2Rampini and Viswanathan [2010], Bolton et al. [2011], and Rampini and Viswanathan [2013], high-
light the importance of hedging to understand firm’s growth, investment, and financing policies. Nikolov
et al. [2013], and Li and Whited [2013] document the quantitative importance of hedging for firms’
policies.
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”hedging” factor, which equals the change in firms’ net worth3, and a ”profitability” fac-

tor, which is associated to the change in firms’ productivity. I implement asset pricing

tests with the Generalized Method of Moments (GMM) to assess the empirical perfor-

mance of the model. As the recent empirical literature recommends (Lewellen et al. [2010],

Daniel and Titman [2012]), I consider different test assets in empirical tests, namely the

Fama-French 25 portfolios sorted by size and book-to-market equity, the 30 Fama-French

industry portfolios, and 25 portfolios sorted by market and HML beta as in Yogo [2006].

Overall, the Corporate CAPM finds support in the data. The model prices the test assets

well, and delivers low pricing errors even in comparison to leading asset pricing models,

as the CAPM, the Consumption CAPM, and the Fama and French three-factor model.

Historically, asset pricing models obtained from consumption-based stochastic discount

factors have not succeeded in accounting for the variation of expected returns across

stocks. One important reason for their empirical failure is the smoothness of consump-

tion data. This prevents expected returns to line up with covariances with consumption

aggregates, as these models predict. On the contrary, the Corporate CAPM gets trac-

tion because it links the stochastic discount factor to firms’ characteristics, which exhibit

larger fluctuations.

My theoretical framework is a dynamic contracting model. Hedging is in fact an

inherently dynamic process. Firms engage in hedging to transfer resources from today to

future times and states when they are more valuable. For instance, a firm might hedge

specific future states to finance profitable investment opportunities, or to pay out more

dividends in bad times. In the model, firms have valuable investment opportunities that

arise stochastically over time. However, they have limited funds, and they sign contracts

with external lenders to aid external financing of profitable investments. Contracts have

limited enforcement. The entrepreneur has the option to renege the contract and divert

capital for their own private benefit. In equilibrium, this limited commitment problem

endogenously imposes a collateral constraint, and firms implicitly borrow constrained

against their equity value. In this context, value maximization provides a rationale to

hedge more valuable states, in a tradeoff with their funding needs for current investment

and distributions. Firms’ debt capacity is limited, and firms can preserve it for specific

future states by optimally contracting state-contingent repayments with the lender. A

firm can therefore hedge any future state by arranging a low repayment in the case that

state occurs. Hence, firms can in effect transfer resources (net worth) across states.4

3As standard in the dynamic contracting literature, net worth is the firm’s counterpart of household
wealth, and captures how constrained a company is with respect to funds to allocate to investment, and
distributions.

4As previous studies discuss, hedging is practically implemented with combinations of traditional debt
instruments and other financial instruments like lines of credit and financial derivatives. In particular,
credit lines appear to be a prominent implementation of hedging. Sufi [2009] reports that credit lines
constitute more than 80 percent of bank debt for public firms in the US. Colla et al. [2013] report that
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In this setting, the stochastic discount factor reflects which state must have led a firm

to optimally make its observed decisions, and can be backed out from the firms’ state-

by-state first-order conditions with respect to debt repayments. Conditional on how

financially constrained they are, firms implement investment and financing policies to

transfer resources to most important states, where the stochastic discount factor is high.

On the corporate finance side, I solve the model numerically and I find that a calibrated

version is quantitatively consistent with basic stylized facts about corporate investment

and financing, and with key aggregated asset pricing moments. To solve the model, and

to determine the properties of the optimal contract, I formulate the contracting problem

recursively as an infinite-horizon dynamic programming problem. The problem has a

nonstandard topological structure because of the presence of the objective function, the

firm’s equity value, in the borrowing constraint. I use Knaster-Tarski (Tarski [1955])

fixed point theorem5 to prove the problem has a well-defined equilibrium. In addition, the

number of decision variables is high because of state-contingent hedging decisions. To deal

with this issue, I introduce an equivalent mixed-integer programming representation of

the dynamic programming problem. The equivalent problem is a natural extension of the

extant linear programming methods for dynamic programming to the specific topological

structure of the model. These methods have been introduced in finance by Trick and Zin

[1993], and then extended to large state spaces by Nikolov et al. [2013]. As in Nikolov

et al. [2013], I exploit a separation oracle, an auxiliary linear programming problem, to

achieve computational efficiency.

This paper lies at the intersection of three lines of research. First, it relates to the large

literature that develops quantitative production models to investigate the cross-section of

equity returns. Recent contributions include Zhang [2005], Livdan et al. [2009], Gomes

and Schmid [2010], Garlappi and Yan [2011], Obreja [2013], and Bazdrech et al. [2013].

With respect to these papers, my focus is to obtain a stochastic discount factor, instead

of rationalize observed spreads in returns with respect to specific firms’ characteristics.

Second, the paper builds upon the literature on hedging and dynamic contracting in cor-

porate finance, that refers to Rampini and Viswanathan [2010], Rampini and Viswanathan

[2013], Rampini et al. [2013], and whose quantitative implications have been examined

in Li and Whited [2013], and Nikolov et al. [2013]. In this context, this paper analyzes

the asset pricing implications of contracting models of hedging. Finally, this work is

closely related to the literature that attempts to identify a stochastic discount factor in

production models from firms’ policies and data, as in Cochrane [1991], Cochrane [1993],

Cochrane [1996], Jermann [2010], and Belo [2010]. The key difference with these works is

the economic mechanism that allows to identify the stochastic discount factor from firms’

the drawn part of credit lines accounts for 22 percent of their total debt.
5See Aliprantis and Border [2006], and Kamihigashi [2012].
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decisions.6

This work has potential implications for future research. As Cochrane [2011] dis-

cusses, research in asset pricing ultimately aims at understanding how asset returns and

consumption are jointly determined in general equilibrium. In this perspective, the iden-

tification of a stochastic discount factor from the production side of the economy imposes

additional restrictions that may provide further guidance for modeling the consumption

side of the economy, rather than representing a competing approach. On the empirical

side, new testable hypotheses for cross-sectional differences in returns can be developed

from the present framework, especially from the observation that variables that describe

firms’ policies enter the stochastic discount factor directly.

The paper is organized as follows. Section 2.2 develops the key intuition of the paper

in a two-period example. Section 2.3 presents the dynamic contracting model, describes

its properties, and the numerical solution method. Section 2.4 introduces the key asset

pricing result of the paper, the Corporate CAPM. Section 2.5 assesses the quantitative

performance of the calibrated model for providing a reasonable description of corporate

investment and financing decisions. Section 2.6 presents the empirical tests of the Corpo-

rate CAPM. Section 4.7 concludes.

2.2 A Two-Period Example

The goal of this section is to convey the main idea of this work with a simple example.

Typical production models do not lead to an explicit expression for the stochastic discount

factor, but only to pricing equations for asset returns. Here I show that when firms transfer

resources across states of nature through risk management, the stochastic discount factor

can be instead backed out from firms’ optimization conditions. The argument proceeds

as follows. I first illustrate in a two-period model why when firms cannot implement risk

management the stochastic discount factor cannot be obtained from the firm’s problem.

I then show why introducing hedging decisions allows to do so.

Consider a model with two periods: today, and tomorrow. Three states of nature,

rainy, foggy, and sunny, can possibly occur tomorrow, with probabilities πR, πF , and

πS respectively. Consider a firm with an initial wealth endowment w that has access

to a production technology. The production technology delivers a stochastic output

A(S)f(k) > 0 in the sunny state tomorrow, A(F )f(k) > 0 in the foggy state tomor-

row, and A(R)f(k) > 0 in the rainy state tomorrow, with A(S) > A(F ) > A(R). f(·)
6Cochrane [1991] and Cochrane [1996] assume that the stochastic discount factor depends on returns

on real investment, Cochrane [1993] and Belo [2010] rely on a representation of production sets in which
firms can affect idiosyncratic productivity shocks, and Jermann [2010] investigates the equity premium
by taking advantage of state-contingent technologies. Here, the relevant state-contingent action that
allows to identify the stochastic discount factor is based on the corporate finance theory of hedging, in
the context of dynamic contracting.
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is a production function, and k denotes investment in real capital. The economy ends

tomorrow: capital fully depreciates, and a liquidating dividends d(S), d(F ), and d(R) are

distributed in the sunny, foggy, and rainy states respectively. The firm can borrow from

a competitive, risk neutral, and deep-pocket lender at a constant rate R.7 The firm’s

problem is to decide over capital k and debt a repayment b to maximize the expected

discounted value of its profits, that is

U(w) = max
k,b

d+ πSM(S)d(S) + πFM(F )d(F ) + πRM(R)d(R) (2.1)

s.t.

w + b = d+ k (2.2)

d(s) = A(s)f(k)−Rb s ∈ {S, F,R} (2.3)

d ≥ 0 (2.4)

d(s) ≥ 0 s ∈ {S, F,R} (2.5)

M(S), M(F ), and M(R) are the realizations of the owners’ stochastic discount factor in

the sunny, foggy, and rainy states8, Equation (2.1) is the budget constraint today, and

simply equates sources and uses of funds, where d is today’s dividend. Equations (2.4),

and (2.5) rule out negative dividends. Equation (2.4) states that the firm has access to no

other external funds, while Equations (2.5) guarantee debt is actually riskfree and is repaid

tomorrow in all states.9 Equations (2.4) and (2.5) determine limits on the amount the firm

can borrow. b must therefore lie in the closed interval [k−w,A(R)f(k)]. Equations (2.5)

can be interpreted as collateral constraints, which states that the firm can borrow up to

the cash flow it obtains whatever tomorrow’s weather is.10

Denote by λ the Lagrange multiplier on constraint (2.4), and by πsλs the Lagrange

multipliers on constraints (2.5). The first-order conditions of this problem lead to the

usual pricing equations for the return on real capital and for the loan interest rate:

E[(M(s) + λs)R
k(s)] = 1 + λ (2.6)

E[(M(s) + λs)R] = 1 + λ (2.7)

where s ∈ {S, F,R} is an index for the state, and Rk(s) ≡ A(s)fk(k). Two points

are worth noting. First, the pricing equations contain additional terms related to the

Lagrange multipliers on the constraints. This reflects the fact that the typical assumption

7Section 2.3 discusses this assumption. Appendix A reports the lender’s problem.
8This objective only requires that a stochastic discount factor exists. This is the case in the absence of

arbitrage opportunities. The objective therefore captures the idea that physical assets and riskfree debt
are priced consistently with other securities that investors can trade.

9Because d(S) ≥ d(F ) ≥ d(R), the constraints in Equation (2.5) for s ∈ {S, F} are never active.
10In the full model, the collateral constraint arises endogenously as an outcome of dynamic contracting.
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of free portfolio formation is violated (see Cochrane [2001], Chapter 4).11 Intuitively,

the firm trades real capital and loans.12 If, for example, the collateral constraint in

the rainy state in (2.5) is binding, the firm cannot freely tilt its portfolio of assets by

increasing its debt stock and leaving its capital stock unchanged. The presence of Lagrange

multipliers accounts exactly for this restriction. In fact, when the constraints are not

binding, Equations (2.6) and (2.7) reduce to E[M(s)Rk(s)] = 1 and E[M(s)R] = 1.

However, if free portfolio formation holds for the representative household, the stochastic

discount factorM(s) prices all the assets the household trades (such as equities). Second,

and most important, the firm’s optimality conditions do not allow to get an expression

for the stochastic discount factor in each state. This happens because the firm cannot

transfer resources across the rainy, foggy, and sunny states, or equivalently from today to

one future state only. As Equations (2.3) show, by changing its capital and debt decisions

in the feasible set, the firm jointly increases its payoff in all three states. A unit more of

capital generates more output in both states in proportions determined by A(S), A(F ),

and A(R), and a unit more of debt reduces the payoff by R in both states. A simple

algebraic manipulation of Equation (2.3) indeed shows that the payout in the sunny state

can be rewritten as a fixed function of the payoffs in the foggy and rainy states as:

d(S) = d(R) +
A(S)− A(R)

A(F )− A(R)
(d(F )− d(R)) (2.8)

Panel A of Figure 2.1 makes this idea clear. The solid lines represent the possibility

set for the firm’s equity payoffs in the sunny and in the rainy state tomorrow for different

choices of capital and debt. For simplicity I keep the payoff in the foggy state fixed,

although this result hold for every other pair of states. It is immediate to notice that

the feasible sets for the payoffs have a kink. In the consumption side of the economy, the

condition that these Leontief-type payoffs must be tangent to an indifference curve form

the familiar relation p = E
[
β u′(c(s))

u′(c)
d(s)

]
= E[M(s)d(s)], where p is the price of the firm’s

equity, c is today’s consumption, u(·) is the investor’s utility function, and β is his time

discount factor. The indifference curves are related to the marginal rate of substitution

between today’s and tomorrow’s consumption, and their slope allows to identify M(s).

However, the dashed lines show that any point the firm is willing to choose is consistent

with many indifference curves.

[Insert Figure 2.1 Here]

Consider now the same problem in which the firm is allowed to hedge by setting

different debt repayments b(S), b(F ) and b(R) for the sunny, foggy, and rainy states. The

11This is very common in models with financial constraints, and the ”corrected” discount factor is
sometimes denoted as ”the firm’s discount factor”. See for example Mendoza [2000], and Rampini and
Viswanathan [2013].

12For simplicity assume these assets cannot be traded by the household directly.
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firm’s problem becomes:

U(w) = max
k,b

d+ πSM(S)d(S) + πFM(F )d(F ) + πRM(R)d(R) (2.9)

s.t.

w + b = d+ k (2.10)

d(s) = A(s)f(k)−Rb(s) s ∈ {S, F,R} (2.11)

d ≥ 0 (2.12)

d(s) ≥ 0 s ∈ {S, F,R} (2.13)

where the amount of debt financing raised today from the risk-neutral lender is b = E[b(s)].13

The first-order conditions with respect to k, b(s), s ∈ {S, F,R}, are:

E[(M(s) + λs)R
k(s)] = 1 + λ (2.14)

M(s) =
1 + λ− λsR

R
(2.15)

Equation (2.14) is the familiar pricing equation for capital, while Equation (2.15) provides

an expression for the stochastic discount factor that must have let to the observed firm’s

policy. Notice that the difference in the discount rates of lenders and borrowers does

not imply the presence of arbitrage opportunities. The stochastic discount factor in fact

adapts such that equity claims are priced consistently with the presence of a risk-neutral

lender that allows the firm to implement limited risk sharing. This is apparent compar-

ing the stochastic discount factor in Equation (2.15) with the one for the case without

collateral constraints, that is M(s) = 1
R
. In this case the firm guarantees full insurance to

the owners, their marginal utility across states is equalized, and equity claims are prices

as if the firm were risk neutral. Appendix A discusses this case. Because the stochastic

discount factor is higher in most valuable states, the firm trades off dividend distributions

today (with a higher λ) in order to pay out in most important states tomorrow (with a

lower λs), even though the latter reduces the payout in other states or makes it overall

more volatile. With risk-averse investors, most important states are those where aggregate

consumption is low and firms are less productive, such as the rainy state in this example.

Contingent claims that pay out more in those states are therefore more valuable for in-

vestors. In addition, because the solution of the firm’s problem depends on its wealth w,

two firms with different initial wealths in general implement different policies. This does

not mean that there is a stochastic discount factor for each firm. Instead, the firm changes

its investment and financing policy in a state-contingent way, depending on whether the

state is either sunny, foggy, or rainy. As a consequence, in principle, both firms’ policies

13As I discuss in Section 4.3.2, in the complete model lenders offer an elastic supply of credit at all
future times and dates at the riskfree rate.
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(and data) could be used as a reference point to back out the stochastic discount factor

and to price other assets. In Section 2.4, I refer to this result as the relativity property.

Panel B of Figure 2.1 illustrates why the stochastic discount factor can be recovered in

the presence of hedging. Firms are able to set b(S) and b(R) and determine their payout

profile in both the rainy and the sunny states. Contingent claim hyperplanes are therefore

differentiable (linear), and indifference curves must be tangent to them at the decision

point.

2.3 The Dynamic Limited Enforcement Model

This section develops a discrete-time dynamic agency model in a neoclassical environment.

Entrepreneurs make investment and financing decisions with an infinite time horizon.

This ensures they take into account the expected consequences of current actions for the

feasibility of future decisions. Dynamic financing is subject to limited enforcement con-

straints.14 Firms borrow constrained against their equity value from competitive lenders,

and implement state contingent debt repayments up to their debt capacity. The state

contingent nature of the contract allows firms to transfer resources to states and times

where they are more valuable. In Subsections 4.3.1 and 4.3.2, I detail the technology and

the industry environment, and the financial contracting problem. In Subsection 2.3.3,

I rewrite the contracting model as a recursive dynamic programming problem. Despite

its conceptual simplicity, this problem has two nonstandard features. First, conventional

dynamic programming results do not apply because the equity value enters the enforce-

ment constraint. Second, the presence of state contingent debt repayments as decision

variables makes the problem virtually intractable with conventional iterative numerical

methods. In Subsection 4.3.4 I address these two issues. Using a fixed point argument, I

first show the existence and uniqueness of the value function as the solution of a dynamic

programming problem with an appropriate initial condition. Then, I extend the linear

programming techniques in Trick and Zin [1993], Trick and Zin [1997], Nikolov et al.

[2013], and Schmid and Steri [2013], and propose a computationally efficient solution

method based on mixed-integer programming. Finally, in Subsection 2.3.5, I characterize

the solution illustrate the qualitative firm optimal investment and financing policies.

2.3.1 Technology and Competitive Environment

A continuum of perfectly competitive firms operates in an industry. Each firm produces a

homogeneous product, whose price is normalized to one. In period t, a fraction ϕ of new

14Related contracting problems are proposed, for example, by Albuquerque and Hopenhayn [2004],
Rampini and Viswanathan [2010], Rampini and Viswanathan [2013], Li and Whited [2013], and Schmid
and Steri [2013].
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firms randomly enters the industry. Existing firms become unproductive and exit with

probability ϕ, so that the total mass of operating firms is unchanged over time.

An entrant i arrives with some initial capital stock ki,0. Entrants engage in a long-

term contract with lenders to obtain external financing. Firms have access to a production

technology that generates a stochastic stream of profits

Π(ki,t, si,t) ≡ A(si,t)k
α
i,t

where si,t is a shorthand for the state {xt, zi,t}, ki,t is the capital input of firm i at

time t, α ∈ (0, 1) is the curvature parameter of the production function, which exhibits

decreasing returns to scale, and A(si,t) is a stochastic process describing productivity. Here

A(si,t) = xtzi,t, where xt and zi,t are respectively aggregate and firm-specific technology

shocks. The idiosyncratic shock zi,t is the driving force of firm-level heterogeneity, and

generates a nontrivial cross-section of firms, while the aggregate shock xt describes the

overall technological level of the economy. zi,t and xt follow Markov processes with finite

support Z and X, and stationary transition functions Qz(zi,t+1|zi,t) and Qx(xt+1|xt) as

follows:

log(zi,t+1) = ρz log(zi,t) + σzϵ
z
i,t+1 (2.16a)

log(xt+1) = (1− ρx)µx + ρx log(xt) + σxϵ
x
t+1 (2.16b)

where ϵzi,t and ϵ
z
j,t are uncorrelated for every i ̸= j, and ϵxt is uncorrelated with ϵzi,t for every

i. ϵzi,t and ϵ
x
t are truncated iid standard normal variables. The capital stock ki,t obeys the

law of motion

ki,t+1 = (1− δ)ki,t + ii,t+1

where δ is the depreciation rate and ii,t+1 denotes corporate investment.

2.3.2 The Contracting Framework

Upon arriving in the industry, the firm enters a long-term contractual relationship with

an outside lender. The contract not only provides initial funding, but also financing over

the firm’s lifecycle. Following several previous studies, lenders are risk neutral and have

”deep pockets”, that is they offer an elastic supply of credit in all times and states. This

assumption can be interpreted as a reduced form for lenders having a very large amount of

funds to achieve a sufficient diversification of risks arising from granting individual loans.

The risk neutrality assumption is convenient because it allows not to put addictional

structure on the lenders’ possible stochastic discount factor. This allows to avoid to

explicitly model lenders’ decisions and ownership structure, such as bankers’ decisions
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over portfolios of loans and deposits.15

Entrepreneurs are risk averse and discount future dividend payouts with a stochastic

discount factor process {M(xt+τ )}∞τ=0.
16 Risk-neutral lenders’ discount factor is instead

Rt ≡ Et[M(xt+1)].

The timing of events over a firm’s lifecycle is as follows. As soon as a firm enters the

industry, it signs a long-term contract with the lender to obtain initial funding. Then, at

the beginning of each period, the firm first faces the exogenous exit shock, and the state

si,t realizes. There are no information asymmetries because si,t is publicly known. The

entrepreneur has limited liability, and the firm defaults if its value after observing the

shock goes to zero. Second, firm’s decisions and operations occur: inputs are purchased,

production takes place, revenues are collected, transfers to and from lenders are made,

and dividends are distributed. Third, the firm chooses either to renege the contract or to

continue operations. This limited enforcement problem is discussed in more detail below.

Panel A of Figure 2.2 summarizes the intra-period timing. In this setup, the contract has

one side commitment. While there is a limited commitment problem on the firm’s side,

the lender honors the long-term contract. This feature becomes apparent in the recursive

formulation in Subsection 2.3.3, where a lender’s promise-keeping constraint is part of the

problem.

In the remainder of this subsection, I define the specifics of long-term contracts, and

detail the limited enforcement problem. Following Albuquerque and Hopenhayn [2004], I

define feasible and enforceable contracts. Then, I specify the firm’s optimization problem

by introducing equilibrium contracts. Equilibrium contracts define the Pareto frontier

between the value for the firm (which I interpret as equity) and the value for the lender

(which I interpret as debt), and impose restrictions the realizations of corporate policies

that can be observed in the data.

A long-term contract for a firm i that enters the industry specifies a sequence of capital

advancements {ki,t}∞t=0, a sequence of transfers {τi,t}∞t=0 from the firm to the lender, and a

sequence of dividend payments {di,t}∞t=0 to the firm’s shareholders.17 The aforementioned

investment, financing, and dividend policies are fully state-contingent, and depend on the

15In expected utility theory, the risk neutrality assumption captures the evidence for which wealthy
individuals behave as if they were risk neutral (Rabin [2000]). Indeed, in models with large investors, the
latter are typically modeled as risk neutral or as agents with CARA utility. See also Jaffee and Russell
[1976], and Gale and Hellwig [1985]. For general equilibrium models of households, and intermediary cap-
ital see, for example, Gertler and Kiyotaki [2010], Gertler and Karadi [2011], and He and Krishnamurthy
[2013].

16The effective discount factor accounts for the probability that the firm exits the industry, that is:

M(xt+τ ) = M̂(xt+τ )(1− ϕ)

17By convention, positive transfers represent repayments to the lender, while negative transfer are
inflows for the firm.
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entire history hi,t ≡ {ki,j−1, τi,j−1, di,j−1, si,j}tj=1 of previous policies and both aggregate

and idiosyncratic shocks. The current shock is part of the history, consistent with the

timing described above. Importantly, the contract jointly specifies financing, dividend,

and investment policies, in close analogy with the covenants that are routinely found in

loan agreements. On the firm’s perspective, a contract must be budget feasible, that

is the firm’s internally generated profits must suffice to cover investment expenses, debt

repayments, and dividend distributions. In addition, the entrepreneur cannot raise ad-

ditional funds by issuing equity, that is di,t ≥ 0 for all t. The latter condition prevents

the firm from raising costless external equity (i.e. to have negative dividends). Without

this constraint, the contracting problem would be trivial. Finally, the contract must be

consistent with the entrepreneur’s limited liability, that is the value of the firm must be

non-negative to prevent non-strategic default.

Definition 1 (Feasible Contract) Let Hi be the set of all possible histories for firm i.

A feasible contract is a mapping Ci : Hi → R3 such that for all hi,t ∈ Hi, (ki,t, τi,t, di,t) =

Ci(hi,t), and, for all t:

di,t ≥ 0 (2.17a)

di,t + τi,t + [ki,t+1 − (1− δ)ki,t] ≤ Π(ki,t, si,t) (2.17b)

Et

[
∞∑
τ=0

M(xt+τ )di,t+τ

]
≥ 0 (2.17c)

The contract has limited enforcement. The entrepreneur’s incentive problem is illus-

trated in the extensive form game in Panel B of Figure 2.2. Each period t, after observing

the shocks and choosing investment, financing, and payout policies, the entrepreneur faces

an outside opportunity of total value O(ki,t+1, si,t). The value of the outside opportunity

is common knowledge to both parties, and depends on the newly purchased capital stock,

and on the current state of the economy. Different interpretations of the outside oppor-

tunity can be entertained. For instance, the entrepreneur may liquidate the capital and

disappear. The entrepreneur can choose either to renege the contract, divert the capital

stock, and use it to pursue an outside opportunity, or to continue operations. In the for-

mer scenario, lenders liquidate the firm, and the liquidation value is split between the two

parties. In particular, the entrepreneur is left with θki,t+1, while the lender expropriates

(1− θ)ki,t+1. In equilibrium, the entrepreneur therefore compares the value of continuing

running the firm with its share of the liquidation value.18 Incentive compatibility requires

the diversion value not to exceed the value of staying in the contractual relationship. In

Panel B of Figure 2.2, this corresponds to the subgame perfect equilibrium {R,L} in

18Notice that the value of the outside opportunity is irrelevant in this setup, because the lender always
chooses to liquidate the firm. The strategy L in fact delivers a null payoff to the lender, and is therefore
dominated by L. This is equivalent to assume O(ki,t+1, si,t) = θki,t+1 in the case of liquidation.
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which the firm never reneges the contract because of the threat by the lender to liquidate

the firm. This leads to the following definition of enforceable contract (or self-enforcing

contract).

[Insert Figure 2.2 Here]

Definition 2 (Enforceable Contract) A feasible contract Ci(·) is enforceable if after

any history hi,t and for all t, the following enforcement constraint is satisfied:

θki,t+1 ≤ Et

[
∞∑
τ=1

M(xt+τ )di,t+τ

]
(2.18)

In equilibrium, contracts must be consistent with both the firm and the lender maxi-

mizing their lifetime utility. Since lenders are competitive, equilibrium long-term contracts

attain the maximum initial value for the borrower with the lender breaking even. The

lender’s participation constraint therefore states that the expected discounted value of

repayments is non-negative.

Definition 3 (Equilibrium Contract) An equilibrium contract Ci(·) is an enforceable

contract such that the borrower maximizes

E0

[
∞∑
t=0

M(xt)di,t

]
(2.19)

subject to the lender’s participation constraint

E0

[
∞∑
t=0

R−t
t τi,t

]
≥ 0 (2.20)

2.3.3 Recursive Formulation

Dealing with equilibrium contracts specified as sequence problems would require to keep

track of an infinite sequence of occasionally binding constraints. This is due to the en-

forcement constraints in Equation (2.18), which must be satisfied in all future periods

t. In this section, I formulate the problem recursively, so that dynamic programming

techniques can be applied. I propose two recursive formulations. First, following Spear

and Srivastava [1987] and Abreu et al. [1990], I formulate the dynamic limited enforce-

ment model in recursive form with firm’s capital and promised utility to the lender as

endogenous state variables. This formulation allows to interpret optimal contracts as

equity/debt pairs on a Pareto frontier.
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I define promised utility bi,t at time t as the value of future debt transfers to the lender,

that is:

bi,t ≡
∞∑
j=0

τi,t (2.21)

With this definition, Spear and Srivastava [1987] show that the equilibrium contracting

problem defined in (2.19), subject to (2.17a), (2.17b), (2.17c), (2.18), and (2.20), has a

stationary representation as a dynamic programming problem. This leads to the following

formulation:

V (ki,t, bi,t, si,t) = max
{di,t,ki,t+1,b(si,t+1)}

di,t + Et [M(xt+1)V (ki,t+1, b(si,t+1), si,t+1)] (2.22)

s.t.

di,t ≥ 0 (2.23)

di,t ≤ Π(ki,t, si,t)− Ii,t − τi,t (2.24)

Ii,t = ki,t+1 − (1− δ)ki,t (2.25)

τi,t = Rtbi,t − Et[b(si,t+1)] (2.26)

V (ki,t, bi,t, si,t) ≥ 0 (2.27)

θki,t+1 ≤ Et [M(xt+1)V (ki,t+1, b(si,t+1), si,t+1)] (2.28)

bi,0 ≥ 0 (2.29)

In this formulation, equilibrium contracts maximize the firm’s equity value, using promised

utility and the capital stock as endogenous state variables. In analogy with the sequential

formulation of the contract, Constraint (2.23) is the dividend non-negativity constraint,

Constraint (2.24) is the budget constraint, where the auxiliary variables Ii,t and τi,t define

the current investment expense and transfer to the lender. The law of motions of Ii,t and

τi,t are specified in Constraints (2.25) and (2.26). Constraint (2.26) can be interpreted

as a promise-keeping constraint for the lender. Constraint (2.27) is the limited-liability

constraint for the borrower. Constraint (2.28) is the enforcement constraint, which states

that the diversion value cannot exceed the continuation value. Thus, reneging the con-

tract is never optimal. Finally, contracts are initialized such that the participation con-

straint (2.29) for the lender is satisfied.

The problem can be further simplified by reducing the dimension of the state space.

This can be achieved using net worth as a state variable, in line with Abreu et al. [1990],

Rampini and Viswanathan [2010], and Rampini and Viswanathan [2013]. Realized net

worth in state si,t+1 is defined as w(si,t+1) ≡ Π(ki,t, si,t) + (1 − δ)ki,t+1 − Rtb(si,t+1), and

determines the amount of resources that are available to the firm in a certain state, net

of liabilities. Intuitively, net worth is the corporate counterpart of household wealth, and

captures how constrained a company is in terms of resources to allocate to investment,
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and distributions. This leads to the following lemma.

Lemma 1 (Recursive Problem) The constrained optimization problem in (2.22)-(2.29)

is equivalent to:

V (wi,t, si,t) = max
{di,t,ki,t+1,b(si,t+1)}

di,t + Et [M(xt+1)V (w(si,t+1), si,t+1)] (2.30)

s.t.

di,t ≥ 0 (2.31)

wi,t ≥ di,t + ki,t+1 − Et[b(si,t+1)] (2.32)

w(si,t+1) ≤ Π(ki,t+1, si,t+1) + (1− δ)ki,t+1 −Rt+1b(si,t+1) ∀sit+1 (2.33)

θki,t+1 ≤ Et [M(xt+1)V (w(si,t+1), si,t+1)] (2.34)

bi,0 ≥ 0 (2.35)

The recursive formulation in terms of net worth not only improves the computational

efficiency of the numerical solution because of the smaller state-space, but is also conve-

nient to introduce the notion of hedging. As I discuss in more detail in Subsection 2.3.5,

the firm has a limited borrowing capacity because of the enforcement constraint. In this

formulation, the firm has the possibility to choose state-contingent promised utility (debt

repayments) b(si,t+1) for each state.19 The firm can therefore choose to hedge a specific

state s at time t + 1 by choosing a lower debt repayment b(s). Other conditions equal,

hedging a state has three effects. First, the firm saves debt capacity by relaxing the en-

forcement constraint. Second, as Equation (2.33) shows, the firm increases its net worth

in state s at time t + 1, by lowering its required repayment. As a result, more resources

are available for investments and distributions in state s. Third, as Equation (2.32) illus-

trates, a lower repayment in some future state implies a lower amount of external debt

raised at time t, and less net worth available for today’s investment and distributions. In

sum, the firm implements hedging by transferring net worth from today to specific future

states tomorrow. Because the firm’s debt capacity is limited by the borrowing constraint,

the company faces a tradeoff between raising funds today, and preserving them for specific

states that may occur tomorrow.

2.3.4 Model Solution

Because the objective function itself appears on the right-hand side of the enforcement

constraint, the dynamic programming problem in (2.30)-(2.35) is not a standard convex

optimization problem. In particular, verifying the discounting property of Blackwell’s

sufficient conditions would require the knowledge of the solution to be determined. The

19As Rampini and Viswanathan [2010], Rampini and Viswanathan [2013], and Nikolov et al. [2013]
discuss, state-contingent debt can be implemented using credit lines, forward, and futures.
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solution of the functional equation may therefore not be unique. However, a different

approach based on Knaster-Tarski fixed-point theorem allows to establish two results.

First, the value function is the unique fixed point of the Bellman operator in a restricted

functional space. The lower boundary of this functional space is the zero function, while

the upper boundary is the solution to a planner’s problem in which the enforcement

constraint is removed. Second, the sequence of functions obtained by iterating the Bellman

operator from the lower bound converges pointwise to such a fixed point. This leads to

the following lemma:

Lemma 2 (Fixed Point) Assume M(xt+1) = βM0(xt+1), with β < 1, and

lim
n↑∞

βnEt [M0(xt+1)V (w(si,t+1), si,t+1)] = 0 (2.36)

Let T be the Bellman operator associated with the problem (2.30)- (2.35), V UB(wi,t, si,t)

the solution of the same problem without constraint (2.34), and V LB(wi,t, si,t) a function

over the same domain of V (wi,t, si,t) such that V LB(wi,t, si,t) ≤ V (wi,t, si,t). Then:

i) The value function is the unique fixed point of T in the order interval between V LB(wi,t, si,t)

and V UB(wi,t, si,t).

ii) The sequence of functions {T nV LB(wi,t, si,t)}∞n=1 converges to V (wi,t, si,t) pointwise.

The previous lemma provides an operating procedure to solve for the equilibrium

contract. The solution can be obtained by value function iteration from the any initial

condition V LB(wi,t, si,t) ≤ V (wi,t, si,t), such as the null function. Assumption (2.36) is

guaranteed if the first-best solution V UB(wi,t, si,t) is bounded, and as long as the time-

discount factor β in M(xt+1) is less than one, and M0(xt+1) is finite. The last two

conditions are generally guaranteed in common specifications of the stochastic discount

factor.

Unfortunately, because of the large number of control variables (capital, and one debt

variable for each future state), the previous iterative solution strategy is plagued by a

severe curse of dimensionality, and cannot be practically implemented.20 In particular,

the maximization step is critical. For each iteration, determining the combination of

control variables that maximizes the sum of distributions and the continuation value for

each state would imply to search over a grid of nk · nbnx·nz points, where nk, nb, nx, and

nz are respectively the number of grid points for capital, promised utility, the aggregate,

and idiosyncratic shocks. To deal with this computational issue, I start from the lin-

ear programming representation of dynamic programming problems with infinite horizon

(Ross [1983]). I then propose an equivalent mixed-linear programming representation of

20As Rust [1996] discusses, a possible alternative to new computational methods for the solution of
large-scale dynamic programming problems is massively parallel policy iteration. However, hardware
requirements for massive parallel computation are enormous.
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the dynamic programming problem. On this representation, I find a numerical solution

by extending the constraint generation algorithm in Trick and Zin [1993].21 Specifically,

I take advantage of a separation oracle, an auxiliary linear programming problem, to

deal with large state spaces and achieve computational efficiency. In Appendix C, I de-

rive the key results on which the solution method is based, and I provide details on the

implementation of the computational procedure adopted.

2.3.5 Optimal Policies

In this section, I characterize the optimal policy of the firms in the model through their

first-order conditions.22 The optimality conditions show how investment, financing, hedg-

ing, and payout policies are intimately related, and illustrate the qualitative mechanisms

that drive firm’s decisions. Because the problem has no closed-form solution, the following

analysis is based on the economic interpretation of the Lagrange multipliers as shadow

values.

Before introducing the optimality conditions, the numerical illustration in Figure 2.3

summarizes a few key properties of the firm’s value and policy functions.23 In Figure 2.3

the model is solved numerically under the baseline parametrization in Table 4.2. All

policies, unless otherwise specified, refer to the middle state for both the aggregate and the

idiosyncratic shocks. Panel A depicts firm’s value as a function of current net worth. The

value function is increasing and weakly concave in net worth. In particular, it is strictly

concave up to a cutoff value wC , then it becomes linear. As typical in the contracting

literature, wC defines two regions. For wi,t ≥ wC , an additional unit of net worth translates

into a one-for-one increase in equity because the total real value of the contract is not

affected. If wi,t < wC , instead, additional net worth alters the entrepreneur incentives,

and the equity value increases with a slope greater than one. Panel B shows the payout

policy of the firm. The firm pays no dividends up to wC , then the payout function is linear

in net worth. Notice that the value function is strictly concave precisely in the region

where no dividends are paid. Panels C and D present the investment policy ki,t+1 and the

amount of debt raised Et[b(si,t+1)]. From the threshold wC onwards, the firm is reaching

a ”first-best” optimal level of capital. Instead, for wi,t < wC , the firm is constrained in its

investment, because the sum of its net worth and the raised debt finance does not suffice

to achieve the ”first-best” capital stock. Finally, Panels E and F depict the hedging policy

of the firm with respect to aggregate and idiosyncratic states. The solid lines represent the

21As Denardo [1970] discusses, when discounting is present, Howard [1960] policy iteration corresponds
exactly to block pivoting in the full equivalent linear program. Constraint generation considers sequences
of smaller problems to obtain the solution.

22In a similar framework, Thomas and Worrall [1994] prove that the value function is differentiable.
Their result extends to this model.

23Some properties can be established also analytically, and are rather standard in the hedging literature.
I omit them, and refer the reader to Rampini and Viswanathan [2013] for the details.
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repayments the equilibrium contract specifies for the middle state, the dashed red lines

refer to one state down, and the dash-dotted green lines to one state up. In general, which

states the firm hedges depend on the parameter values in the model, and especially on the

persistence of the autoregressive processes in Equations (2.16b) and (2.16a). Under the

baseline parametrization, Panel E shows that the firm is implementing a lower repayment

in the lower state, where the stochastic discount factor is high. On the contrary, Panel F

shows that firms have an incentive to hedge more profitable idiosyncratic states, because

of the persistence of investment opportunities over time. When aggregate states are

concerned, this effect is instead dominated by the one on discount rates.

[Insert Figure 2.3 Here]

I now define µi,t, νi,t, and λi,t as the Lagrange multipliers on the dividend non-

negativity constraint (2.31), on the budget constraint at time t (2.32), and on the bor-

rowing constraint (2.34). Denote by ν(si,t+1) the marginal value of net worth in the state

si,t+1 at time t + 1, that is ν(si,t+1) ≡ Vw(w(si,t+1), si,t+1). Notice that by the envelope

condition, the marginal value of net worth at time t equals Vw(wi,t, si,t).

The first-order condition with respect to dividends di,t is:

Marginal Benefit of Payouts︷︸︸︷
νi,t =

Marginal Cost of Payouts︷ ︸︸ ︷
1 + µi,t (2.37)

The payout policy of the firm balances the cost and the benefits of allocating an additional

unit of current net worth to dividend distributions. The investment policy ki,t+1 can be

illustrated with the corresponding first-order condition:

Marginal Benefit of Investment︷ ︸︸ ︷
Et[M(xt+1)ν(si,t+1)(Πk(ki,t+1,si,t+1) + (1− δ))] =

Marginal Cost of Investment︷ ︸︸ ︷
νi,t + θλi,t
1 + λi,t

(2.38)

The left-hand side of Equation (2.38) represents the marginal benefit of an additional unit

of capital. Investing one unit more increases realized net worth in every future state by the

return on physical capital Πk(ki,t+1,si,t+1)+ (1− δ). The marginal benefit of investment is

the expectation of these returns, accounting for the different importance of future states.

Here, the effective discount factor for cash flows from invested capital is M(xt+1)ν(si,t+1).

The first component M(xt+1) is the stochastic discount factor of the owners, while the

second component ν(si,t+1) relates to the concavity of the value function. The latter term

is familiar in models of financial constraints. Specifically, it accounts for the different

marginal value of firm’s net worth across future states, and effectively renders the firm

more risk averse. The right-hand side is instead the effective marginal cost of increasing

the capital stock by one unit. In addition to the shadow cost ν(si,t+1) of reducing net
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worth at time t, there are two correction terms, θλi,t and 1+λi,t, that reflect the presence

of the borrowing constraint. Increasing investment has an effect on both sides of the

enforcement constraint (2.34). First, it makes it more tight by increasing the diversion

value of capital on the left-hand side, with a shadow value of θλi,t for the firm. Second,

it increases future net worth and, because the value function is increasing in it, also the

continuation value on the right-hand side of (2.34) raises. This lowers the shadow value

of investing for the firm, as the term 1 + λi,t at the denominator of (2.38) captures.

Finally, the first-order conditions with respect to state-contingent debt b(si,t+1) in the

contract describes the firm financing and hedging policies:

Marginal Benefit of Hedging︷ ︸︸ ︷
Rtν(si,t+1)M(xt+1) =

Marginal Cost of Hedging︷ ︸︸ ︷
νi,t

1 + λi,t
(2.39)

Equation (2.39) illustrates the key tradeoff between raising less external resources today

and hedging a specific future state si,t+1 by contracting, and implementing, a lower state-

contingent repayment b(si,t+1). For this reason, Equation (2.39) highlights how financing

and hedging policies are profoundly related. Specifically, the left-hand side represents

the marginal benefit of hedging a specific state si,t+1 by reducing the corresponding re-

payment b(si,t+1), where Rt is the interest rate charged by the risk-neutral lender. As

in Equation (2.38), the effective value of the state for the firm is M(xt+1)ν(si,t+1). The

right-hand side instead measures the cost of reduced current net worth. The shadow value

of the lower amount of resources available for investment and financing is measured by

νi,t. The term 1 + λi,t reflects a less tight borrowing constraint because of the increased

continuation value, as a consequence of hedging the state si,t+1. In fact, a lower repayment

b(si,t+1) increases net worth w(si,t+1), and in turn relaxes the borrowing constraint.

2.4 The Corporate CAPM

This section introduces the key asset pricing results of this paper. I first derive the

stochastic discount factor in terms of firm’s policies and characteristics. This leads to

an asset pricing model, which I refer to as the Corporate CAPM. Finally, I discuss the

aggregation properties of the asset pricing model and, in particular, a property I dub as

the relativity property. The latter is an irrelevance results which states that any subset of

firms in the economy can be used to back out the stochastic discount factor. Operatively,

this property allows to choose different benchmark sets with respect to which stock prices

and returns can be computed.

Proposition 1 (The Corporate CAPM) i) The stochastic discount factor can be backed
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out from the firm’s optimality conditions as follows:

M(xt+1) =
1

Rt

1

1 + λi,t

Vw(wi,t, xt, zi,t)

Vw(w(si,t+1), xt+1, zi,t+1)
(2.40)

ii) The stochastic discount factor can be approximated as a linear function of observable

firm-level variables, and quantities that are predetermined at time t, that is:

logM(xt+1) ≈ µM
i,t − ai,t(w(si,t+1)− wi,t)− bi,t

(
ρi,t+1

ρAt+1

− ρi,t
ρAt

)
− ci,t

(
ρAt+1 − ρAt

)
(2.41)

where ρi,t and ρ
A
i,t relate to idiosyncratic and aggregate productivity respectively:

ρi,t ≡ zi,t =
Π(ki,t, si,t)

kαi,t

ρAi,t ≡ xi,t =
ΠA(ki,t, si,t)(

kAi,t
)α

and µM
i,t ≡ log 1

Rt
+ log 1

1+λi,t
, ai,t, bi,t, and ci,t are predetermined variables at time t, with

µM
i,t ≡ log

1

Rt

+ log
1

1 + λi,t
(2.42)

ai,t ≡ Vww(wi,t, si,t)

Vw(wi,t, si,t)
(2.43)

bi,t ≡ Vwz(wi,t, si,t)

Vw(wi,t, si,t)
(2.44)

ci,t ≡ Vwx(wi,t, si,t)

Vw(wi,t, si,t)
(2.45)

The first part of the proposition obtains a stochastic discount factor from firms’ deci-

sions. Equation (2.40) is the counterpart of Equation (2.15) in the two-period example of

Section 2.2. This result reflects the key intuition of the paper, that I develop in Section 2.2,

and that Panel B of Figure 2.1 illustrates. The possibility to negotiate state-contingent

debt repayments with the lenders allows firms to transfer resources across states. Firms

have a rationale for hedging because of the endogenous collateral constraint, and have

a motive to transfer net worth to most important states, where the stochastic discount

factor is high. It is important to notice that in the absence of state-contingent debt, the

stochastic discount factor cannot be recovered. This is the case in Panel A of Figure 2.1,

in which firms cannot implement state-contingent decisions. The resulting first-order con-

dition would not deliver a stochastic discount factor for each state, but only one equation

containing an expectation over all future states, along the lines of (2.7).
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Specifically, the stochastic discount factor relates to the firm’s policy through the

Lagrange multiplier λi,t on the borrowing constraint, and the growth rate of the marginal

value of net worth. The left-hand side is the stochastic discount factor, which essentially

measures the value of an aggregate state for equity pricing. The right-hand side instead

illustrates how the optimal decisions of heterogenous firms adapt to the aggregate state

to maximize the value for their shareholders. Backing out the stochastic discount factor

therefore amounts to investigate what state must have led a firm to optimally make its

observed investment and financing decisions. In the absence of state-contingent financing,

realized net worth in individual future states could not instead be influenced by firm’s

decisions, but would vary across states only because of exogenous shocks. Firms’ decisions

would not therefore be informative of the stochastic discount factor.

The economic mechanism driving the result in Equation (2.40) relates to firms’ hedg-

ing behavior. Firms have a motive to transfer resources (net worth) to states that are

most important for their shareholder value. This policy would lower the marginal value

of net worth in those states. However, investors’ risk aversion implies that most im-

portant states are ”bad times”, in which marginal utility of consumption in high, and

consumption is low. The term 1
1+λi,t

accounts for firms being financially constrained. The

more financially constrained they are, the higher the shadow value λi,t of extra borrowing,

the less their effective ability to transfer resources to most important states, in spite of

their hedging motives. This is consistent with the models of Rampini and Viswanathan

[2010], and Rampini and Viswanathan [2013], and the evidence in Rampini et al. [2013]

and Nikolov et al. [2013], according to which more constrained firms hedge less.

It is important to notice that all the state variables of the problem determine the

policies of firms, and in turn affect their hedging abilities and the needs. From an empir-

ical viewpoint, this result implies that firms’ characteristics enter the stochastic discount

factor directly. This mechanism is similar to the way, on the consumption side of the

economy, the state variables of the representative household’s problem enter the stochas-

tic discount factor in the intertemporal CAPM of Merton [1973]. The second part of the

proposition provides an approximated linear representation of the Corporate CAPM, in

terms of observable variables and quantities that are pre-determined at time t. Such an

approximation delivers the following result:

Proposition 2 (Expected Return-Beta Representation) The expected excess return

on a security Et[Ri,t+1 −Rf
t ] is given by the following expression:

Et[Ri,t+1 −Rf
t ] ≈ λ̃Tj,tβi,t (2.46)

where Rf
t is the riskfree return (or a riskfree equivalent), and the parameters λ̃Tj,t and βi,t

are given by

λ̃j,t =
[
aj,t bj,t cj,t

]
σj,t
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βi,t = σ−1
j,t


Covt(w(sj,t+1)− wj,t, Ri,t+1 −Rf

t )

Covt

(
ρj,t+1

ρAt+1
− ρj,t

ρAt
, Rj,t+1 −Rf

t

)
Covt(ρ

A
t+1 − ρAt , Ri,t+1 −Rf

t )


and σj,t is the covariance matrix of

[
w(sj,t+1)− wj,t

ρj,t+1

ρAt+1
− ρj,t

ρAt
ρAt+1 − ρAt

]T
.

Proposition 2 is an equivalent expected return/beta representation of the Corporate

CAPM. This formulation emphasizes how expected excess equity returns are determined

by the covariance with three factors: the ”hedging” factor w(sj,t+1)− wj,t, and ”idiosyn-

cratic profitability” factor
ρj,t+1

ρAt+1
− ρj,t

ρAt
, and the ”aggregate profitability” factor ρAt+1 − ρAt .

As usual, βi,t can be interpreted as price of risk, and λ̃j,t as quantity of risk. In the

proposition, the index j refers to a benchmark firm with respect to which the factors are

computed. The presence of two profitability factors denotes that in some states the j-th

firm may be able to generate more resources either because all firms are more profitable

(high aggregate productivity), or because it is more profitable with respect to the average

(high idiosyncratic productivity). In both cases, firm’s realized net worth increases in the

state, and this affects the firm’s hedging policy. Despite this result, in empirical tests it

is convenient to aggregate firms to avoid the measurement problems that arise from sep-

arating idiosyncratic and aggregate productivity. The next proposition shows how firms

can be conveniently aggregated to implement empirical tests of the model.

Proposition 3 (Aggregation) Consider an arbitrary subset Ω of N firms in the cross-

section.

i) The expression of the stochastic discount factor in Equation (2.41) and its covariance

representation can be restated in terms of averages across firms in Ω as follows:

logM(xt+1)≈ 1
N

∑
j∈Ω

[
log µM

i,t−aj,t(w(sj,t+1)−wj,t)−bj,t

(
ρj,t+1

ρAt+1

−
ρj,t

ρAt

)
−cj,t(ρ

A
t+1−ρAt )

]
(2.47)

and

Et[Ri,t+1 −Rf
t ] ≈ λ̃Tj,tβj,t (2.48)

with

λ̃j,t = −σΩt

βi,t = σ−1
Ωt



Covt

(
1
N

∑
j∈Ω

−aj,t(w(sj,t+1)− wj,t), Ri,t+1 −Rf
t

)

Covt

(
1
N

∑
j∈Ω

−bj,t
(

ρj,t+1

ρAt+1
− ρj,t

ρAt

)
, Ri,t+1 −Rf

t

)

Covt

(
1
N

∑
j∈Ω

−cj,t
(
ρAt+1 − ρAt

)
, Ri,t+1 −Rf

t

)
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and σΩt is the covariance matrix of[
1
N

∑
j∈Ω

aj,t(w(sj,t+1)−wj,t)
1
N

∑
j∈Ω

bj,t

(
ρj,t+1

ρAt+1

−
ρj,t

ρAt

)
1
N

∑
j∈Ω

cj,t(ρAt+1−ρAt )
]T

ii) If N → ∞, then:

logM(xt+1) ≈ 1
N

∑
j∈Ω

[
log µM

i,t − aj,t(w(sj,t+1)− wj,t)− cj,t(ρ
A
t+1 − ρAt )

]
(2.49)

with the following expected return/beta representation

βi,t = σ−1
Ωt


Covt

(
1
N

∑
j∈Ω

−aj,t(w(sj,t+1)− wj,t), Ri,t+1 −Rf
t

)

Covt

(
1
N

∑
j∈Ω

−cj,t
(
ρAt+1 − ρAt

)
, Ri,t+1 −Rf

t

)


and σΩt is the covariance matrix of
[

1
N

∑
j∈Ω

aj,t(w(sj,t+1)−wj,t)
1
N

∑
j∈Ω

cj,t(ρAt+1−ρAt )
]T

The first part of the proposition provides a theoretical irrelevance result, to which I

refer as the relativity property. This can be illustrated as follows. In the model, all firms

maximize the value for the owner, in that they use the same the stochastic discount factor

to discount expected future profits. In the model, the left-hand side of Equation (2.47) is

therefore constant, and the stochastic discount factor can be backed out by averaging out

the right-hand side for any subset of firms Ω in the economy (e.g. an industry).24 The

property essentially states that the reference set of firms with respect to which expected

returns are evaluated can be arbitrarily chosen. This differs from macro models with a

representative agent, that dictate that factors must necessarily be aggregated quantities.

The second part of the proposition provides an aggregation result when the number of

firms used to construct the stochastic discount factor is large enough. In this case, the

idiosyncratic productivity factor zeros out because of averaging out a large number of firms

in the cross-section. This result is useful in implementing empirical tests of the model.

Using individual firms to back out the stochastic discount factor can be problematic for

two main reasons. First, as in any economic model, there are omitted forces that can affect

individual firms much more than sample averages, such as product market competition,

labor market frictions, or investment adjustment costs. Second, testing the model in a

small sample of firms would pose the challenge of measuring and disentangling aggregate

and idiosyncratic productivities. Such a task would lead to technical difficulties, and

is subject to misspecification errors, as discussed for example in Burnside et al. [1996]

and Ábrahám and White [2006].

24In case Ω is a weighted portfolio of firms, all the sample averages are replaced by weighted averages.
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2.5 Quantitative Analysis

I resort to calibration to evaluate the quantitative ability of the model to rationalize firm’s

observed policies. Calibration restricts some structural parameter values to replicate

some key quantities in the data. Ideally, a one-to-one mapping between parameters and

moments provides a sufficient condition for identification. Such a close mapping is hard

to accomplish in any economic model, because firm’s investment and financing decisions

are intertwined, and the model parameters affect all the data moments.

To identify the key parameters in the model, I break them down into three groups. The

first group includes parameters whose value can be restricted from existing quantitative

works or mapped directly into data moments. The second group refers to parameters that

can be identified using some aggregate asset pricing moments. The third group includes

parameters that I set to obtain a match between the simulated data moments from the

model, and the actual data moments. Panel C of Table 4.2 reports parameter values,

while Panel A and B respectively show simulated and actual moments that pertain to

corporate policies, and to aggregate asset pricing quantities. All data are described in

Appendix D.

[Insert Table 4.2 Here]

In the numerical solution of the model, I follow the recent literature on cross-sectional

asset pricing and specify an exogenous process for the stochastic discount factor (Berk

et al. [1999], Carlson et al. [2004], Zhang [2005], Gomes and Schmid [2010]). Since the

goal of this section is to provide evidence that the model is quantitatively successful on the

corporate side for a sensible choice of a pricing kernel, this strategy seems reasonable. All

calibrations are based on annual data, consistent with the quantitative corporate finance

literature. I follow Zhang [2005] and I specify the pricing kernel as follows:

logM(xt+1) = log β + [(γ0 + γ1(xt+1 − µx)](xt+1 − xt) (2.50)

where β, γ0 > 0, and γ1 < 0 are constant parameters.25

The parameters that pertain to the first group are the depreciation rate δ, the persis-

tence ρx and the volatility σx of the aggregate shock process, and the exit rate ϕ. The

depreciation rate is set to 0.15, to approximately match the depreciation rate for US listed

firms in my sample. This value is the same used in Hennessy and Whited [2007], and

DeAngelo et al. [2011]. ρx and σx are set to 0.954 and 0.007 ·4 to correspond, on an annual

frequency and with the autoregressive specification in (2.16b), to the quarterly values of

0.95 and 0.007 in Cooley and Prescott [1995]. As in Gomes and Schmid [2010], I set the

fraction of incumbents ϕ to 0.02, in line with the study of Covas and Den Haan [2012].

25For a in-depth discussion of this assumption and of the properties of the pricing kernel see Berk et al.
[1999] and Zhang [2005].
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The second set of parameters consists of those in the stochastic discount factor, β,

γ0, and γ1. I pin down their value, using the strategy in Zhang [2005], to match three

aggregate moments: the mean and volatility of the real interest rate, and the average

Sharpe ratio. The parametrization in Equation (2.50) for the pricing kernel is convenient

in that the real interest rate Rf
t and the maximum Sharpe ratio St are:

Rf
t = β−1e−(µm+ 1

2
σ2
m) (2.51)

St =

√
eσ2

m(eσ2
m − 1)

e
σ2
m
2

(2.52)

with

µm = [(γ0 + γ1(xt − µx)](xt − µx)(1− ρx) (2.53)

σm = [(γ0 + γ1(xt − µx)]σx (2.54)

This strategy yields β = 0.94, γ0 = 12.5, and γ1 = −120, and gives a real interest rate

of 2.99% per year, an annual interest rate volatility of 3.75%, and a Sharpe ratio of 0.35.

These values are close to the corresponding data moments of 2.2%, 4.35%, and 0.41.

Finally, I pick 13 moments to match the remaining 5 parameters in the third group. I

roughly categorize these moments as representing firm’s investment, financing, and equity

returns. On the investment side, I choose moments that relate to operating income,

investment, and Tobin’s Q. On the financing side, I consider the mean, variance, and

serial correlation of leverage. On the asset pricing side, I pick the mean and the average of

market excess return, and the average volatility of individual stock returns. The resulting

parameter values appear to be reasonable. The curvature α is 0.76, in the range of values

reported by Hennessy and Whited [2005], Hennessy and Whited [2007], and DeAngelo

et al. [2011] on annual data. The persistence and volatility ρz and σz of idiosyncratic

productivity shocks are within one standard error of the estimates in Hennessy andWhited

[2007], in which there are no capital adjustment costs as in the present framework. The

parameter µx is a scale parameter, that determines the scale of the simulated economy

and the steady-state capital stock. Finally, there is little guidance for the value of θ, which

represents the fraction of capital that the entrepreneur effectively diverts in the case of

liquidation. I set θ = 0.3, which is in line with values of related quantities in existing

models, such as DeAngelo et al. [2011] and Nikolov et al. [2013].

Panels A and B of Table 4.2 show that the model is broadly successful in matching

both aggregate asset pricing moments, and moments that relate to corporate investment

and financing. The model performance may further improve by adding other frictions

and considering additional moments. However, the absence of these frictions like capital

adjustment costs and fixed operating costs considerably simplifies the analysis. Because
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the focus of this work is to derive a stochastic discount factor from an optimal contracting

framework, I privilege model parsimony over an improvement of the quantitative fit of

the model.

[Insert Table 4.2 Here]

In Tables 2.2 to 2.5 I perform comparative statics exercises with respect to the pa-

rameters in the third group, and to the volatility and persistence of aggregate shocks.

This allows to assess the quantitative effect of the parameters in the model on the data

moments. Specifically, for each parameter except the scale parameter µx, I consider three

possible values (low, medium, and high) and I evaluate how the data moments vary in

the each scenario.

Table 2.2 considers the curvature α of the production function. This parameter has

a strong effect on all moments. A higher curvature leads to lower, less volatile, and

less autocorrelated operating income (profitability), higher and more volatile investment,

and lower Tobin’s Q. Higher returns to scale also imply higher, more volatile, and less

autocorrelated leverage. Distributions decrease with the curvature of the production

function. On the asset pricing side, higher values of α imply lower average excess returns,

and more volatile returns, both at the aggregate level and at the individual stock level.

[Insert Table 2.2 Here]

Another key parameter of the model is θ, the fraction of capital that the entrepreneur

can divert in the case of liquidation. Ceteris paribus, higher values of theta render the

collateral constraint tighter. This parameter has primarily an effect on leverage: higher

values of θ reduce firm’s leverage, and render it less volatile. A higher fraction of capital

that the firm can potentially divert also leads to an increase in operating income, in the

investment-to-capital ratio, in Tobin’s Q, and in average excess returns.

[Insert Table 2.3 Here]

Tables 2.4 and 2.5 refer to the volatility and persistence of aggregate shocks (Panel A),

and idiosyncratic shocks (Panel B). While σz only affects the uncertainty of firm-specific

investment opportunities, σx also drives the probability that important states for firm

value, where the stochastic discount factor is high, occur. High values of σx lead to lower

and more volatile operating income, to higher and more volatile investment-to-capital

ratios, to lower average dividends, to higher mean excess returns, and to more volatile

returns. Data moments are quantitatively less sensitive to σz than to σx, in that the

former does not affect the stochastic discount factor directly. Qualitatively, the effect of

σz is roughly similar to that of σx, with the exception that higher values of σz imply

higher average distributions, in that firm-specific investment opportunities are very risky.
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Analogously, the persistence parameter ρx captures not only how good times are likely

to follow other good times in term of investment opportunities, but also the persistence of

the process driving discount rates. Higher values for it imply higher and more autocorre-

lated operating income, lower and less volatile investment, more correlated leverage, and

less volatile returns. As in the case of volatility, the parameter that drives the aggregate

shocks appears to have a stronger quantitative effect on moments. Qualitatively, however,

higher values for ρz lead to higher and more volatile operating income and investment,

and to higher and more volatile returns. As I discuss in Subsection 2.3.5, firms have strong

motives to hedge aggregate states, and higher values of ρx imply a lower probability of a

change in the state of the economy.

[Insert Table 2.4 Here]

[Insert Table 2.5 Here]

2.6 The Corporate CAPM: Empirical Evaluation

In this section, I test the implications of the Corporate CAPM in the data. Because the

focus of this work is on differences in risk premia across assets, I examine the implications

of the model for cross-sectional expected excess returns. To do so, I test the following

restrictions on the pricing errors of a vector of excess returns Re
t+1:

Et[M(xt+1R
e
t+1)] = 0 (2.55)

where M(xt+1) is defined in Equation (2.49). The model with excess returns does not

identify the intercept µM
i,t of the stochastic discount factor in Proposition 3. The intercept

is in fact predetermined at time t, and can be normalized in empirical tests (Cochrane

[2001], Yogo [2006], Belo [2010]). I implement empirical tests by GMM using yearly data

from 1965 to 2010. Estimation is by two-step GMM, with the initial weighting matrix

attaching equal weights to all assets. Appendix E provides details on the estimation pro-

cedure, and replicates the empirical tests with an alternative measure of the productivity

factor based on Fernald [2009]. The latter analysis controls for possible misspecifications

in measuring aggregate productivity ρAt as a Solow residual, as discussed by Burnside

et al. [1996]. All data are described in Appendix D.

The test assets are: (i) the 25 Fama-French portfolios sorted by size and book-to-

market equity, (ii) the 30 Fama-French industry portfolios, (iii) 25 portfolios sorted by

market and HML beta, and (iv) all the previous portfolios together. The 25 Fama-French

portfolios are chosen because they capture the value and the size premia, which have

received considerable attention in the literature. As in Lewellen et al. [2010], I include
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the 30 Fama-French industry portfolios to relax the tight factor structure of the 25 Fama-

French portfolio. At Lewellen et al. [2010] document, the 30 industry portfolios represent

a challenging test for all leading asset pricing models. Following Yogo [2006], I also include

the beta-sorted portfolios, in order to address the critique in Daniel and Titman [2012].

As Equation (2.49) shows, if the number of firms with respect to which the factors

are computed is large enough, the Corporate CAPM reduces to a two-factor conditional

model. In other words, the coefficients ai,t and ci,t are time varying and depend on firms’

characteristics. In the next two subsections, I therefore implement both unconditional and

conditional tests. Unconditional tests treat ai,t and ci,t as constant parameters. Uncon-

ditional tests are reported for comparability with previous studies. In conditional tests, I

instead use a model-based identification strategy. More precisely, I use the quantitative

policy function of the model from Section 2.5 to find a parsimonious functional form for

the time-varying coefficients in terms of constant parameters and observable variables. As

aggregation properties in Proposition 3 illustrate, in order to implement empirical tests

a level of aggregation must be specified. For comparability with previous studies that

use aggregate data, in both Subsections 2.6.1 and 2.6.2 I aggregate data at the market

level. In Subsection 2.6.4 I instead carry out empirical tests using the five Fama-French

industries (consumer goods, manufacturing, hi-tech, healthcare, other) as references.

2.6.1 Unconditional Tests

If ai,t and ci,t are constant terms, Proposition 3 leads to a two factor model where the

net worth and profitability factors are averaged across all firms. Table 2.6 presents the

estimation results. Coefficient estimates for the two factors and the corresponding HAC

standard errors are reported. The table also reports the following goodness-of-fit measures

based on first-stage inference: the mean absolute pricing error (MAE), and the cross-

sectional R2 of a regression of realized average excess returns on predicted average excess

returns, computed as in Campbell and Vuolteenaho [2004]. As a measure of model mis-

specification I report the Hansen-Jagannathan (HJ) distance (Hansen and Jagannathan

[1997]). The HJ-distance can be interpretd as the minimum distance between the proposed

stochastic discount factor and and the set of correct stochastic discount factors for a given

set of test assets. Finally, the table includes two formal tests of the model: the J-test of

overidentifying restrictions (Hansen and Singleton [1982]), and a test of the null hypothesis

of zero HJ-distance (Jagannathan and Wang [1996]). Although several studies26 document

the statistical power of both tests is low in the context of asset pricing tests, and their

small-sample properties vary to a great extent with the sample size and the test assets, I

report them for comparability with previous studies.

Unconditional tests suggest that the Corporate CAPM finds support in the data. The

26See, for example, Ferson and Foerster [1994], Ahn and Gadarowski [2004], and Lewellen et al. [2010].
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first two rows of Table 2.6 report GMM estimates of the coefficients on the net worth

and profitability factor for all the test assets. Although conditional tests are a more

appropriate setting to discuss the sign restrictions on the coefficients, the unconditional

estimates are overall in line with the predicted signs for ai,t and ci,t from the model.

Column 4 shows that when all test assets are considered, the coefficients on net worth and

profitability factors have a negative and a positive sign respectively, as the model predicts.

As Columns 1-3 show, the coefficient on the profitability factor is positive even for all test

assets individually. In addition, while the 25 portfolios sorted by size and book-to-market

and the risk-sorted portfolios do not individually lead to statistically significant estimates

of the coefficients for the net worth factor, the estimates for the 30 industry portfolios

clearly identify a negative coefficient. Such a negative coefficient remains significant when

all portfolios are considered together, with a point estimate of -6.334, more than four

standard errors from zero. This result supports the recommendation in Lewellen et al.

[2010] to include the Fama-French industry portfolios in tests of asset pricing models.

The Corporate CAPM appears to capture most of the variation in expected returns

across the test assets. Mean absolute pricing errors range from 0.676% to 0.838% per

annum. Cross-sectional R2 are also high, ranging from 0.771 for the industry portfolios,

to 0.923 for the 25 size/book-to-market porfolios. Remarkably, the model is successful

in pricing the Fama-French 30 Industry portfolios. In fact, as Lewellen et al. [2010]

document, these test assets represent a challenge for all leading asset pricing models.

Finally, although the results of formal tests should be interpreted with extreme caution

for the reasons above, both the tests based on the HJ distance and the J statistic cannot

statistically reject the model.27

[Insert Table 2.6 Here]

Figure 2.4 provides a visual summary of the performance of the model. Panels A

through D report predicted versus realized average returns for the four sets of test assets.

If priced correctly, the portfolio should lie along the 45-degree line. The figure clearly

shows that the pricing performance of the Corporate CAPM is more than satisfactory.

[Insert Figure 2.4 Here]

2.6.2 Conditional Tests

In this section I implement conditional tests of the Corporate CAPM. Because the change

in aggregate profitability does not vary across firms, Equation (2.49) leads to the following

27The values of the HJ distance for the case of all portfolios together is not reported because, as
Cochrane [1996] discusses, the cross-moment matrix of returns is nearly singular when the number of test
assets is large.
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specification for the stochastic discount factor:

logM(xt+1) ≈ µM − 1
N

∑
j∈Ω

[aj,t(w(sj,t+1)− wj,t)]− ct(ρ
A
t+1 − ρAt ) (2.56)

where ct ≡ 1
N

∑
j∈Ω

cj,t.

As the theoretical argument in Hansen and Richard [1987] remarks, testing condi-

tional models is conceptually difficult because they inherently depend on the information

structure of the agents in the economy. In empirical work, the most common testing

strategy is to specify the conditional parts of the model as linear functions of some set

of observable variables, such as the default and term spreads, the consumption-to-wealth

ratio of Lettau and Ludvigson [2001], and the aggregate dividend yield. Other approaches

make use of higher frequency data, such as the MIDAS techniques in Ghysels et al. [2004]

and Ghysels et al. [2005].

In the implementation of conditional tests, I use the policy function of the model to

specify a parsimonious functional form for aj,t and ct. I adopt a model-based identification

strategy for three reasons. First, the annual data frequency of my sample is not well-suited

to implement methods that take advantage of high frequency data. Second, the coefficients

aj,t and ct depend on the state variables of the model, rather than on the observable

variables usually considered in conditional tests based on macroecomic factors. Third,

as Brandt and Chapman [2006] discuss, a linear approximation for the functional forms

of the coefficients in the model may result in large misspecifications. Admittedly, the

information set investors access in the real world is larger than the state variables of the

contracting model. However, as Hansen and Richard [1987] show, by the law of iterated

expectations a conditional model can be tested by ”conditioning down” finer information

sets to coarser ones.28

Panels C and F of Figure 2.5 plot the building blocks for the conditional tests in this

section, namely the coefficients ai,t and ci,t for the firm i. The coefficient ai,t is negative

and increasing in current net worth, and its graph is highly nonlinear, especially for firms

with low net worth. The negative sign of ai,t follows directly from the shape of the value

function. Panels A and B depict respectively the denominator and the numerator of ai,t,

as defined in Proposition 1. The graph in Panel A is the marginal value of net worth,

which is positive because the value function is increasing in net worth. The graph in Panel

B is its derivative with respect to net worth, which is negative because of the concavity of

the value function. Analogously, the coefficient ci,t is approximately linear and decreasing

in the current aggregate shock xt which, as Proposition 1 shows, can be measured in the

data as the Solow residual ρAt . Panels D and E depict the denominator and the numerator

28As Cochrane [2001] points out, all the moments computed with respect to the coarser information
set must exist.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



32

of ci,t under the baseline calibration in Table 4.2.

[Insert Figure 2.5 Here]

To carry on conditional tests, I look for an approximation of ai,t and ct in terms of

observable variables. To do so, I run regressions on the model solution to identify a

functional form for ai,t and ct in terms of net worth wi,t and ρ
A
t . While both coefficients in

principle depend on all the state variables of the model, my goal is to find a parsimonious

functional form for them, which possibly involves only a subset of the state variables.

Table 2.7 reports the estimates for a nonlinear regression of ai,t on the function a0
1

1+a1wi,t
,

where a0 and a1 are constant parameters, and the estimates for a linear regression of ct

on ρAt . The nonlinear regression is implemented with the algorithm in Levenberg [1944]

and Marquardt [1963], as described in the caption of the table. While the model as no

closed-form solution, the approximations for both coefficient delivers a good fit, with R2

statistics of 0.969 and 0.999 respectively. The regressions produce estimates of -35.424,

7.489, 4.142, and -17.623 for a0, a1, the intercept c0, and the slope c1. Given the limited

number of observations on an annual frequency, to avoid overfitting and noisy estimates

in the GMM tests of the model, I only estimate a0 and c0, while I set a1 and c1 to the

values reported above.

[Insert Table 2.7 Here]

Table 2.8 reports the results for the estimation. The results are consistent with those

of the unconditional tests in Table 2.6. The estimates of a0 and c0 have the expected sign

when all test assets are considered in Column 4. The estimates in Columns 1-3 confirm

that, as in unconditional tests, the Fama-French 30 industry portfolios play an important

role in the inference. Finally, the Corporate CAPM appears to have a good pricing

performance, with mean absolute pricing errors below 0.8% per year, and R2 statistics

well above 0.8.

[Insert Table 2.8 Here]

2.6.3 Comparison Among Models

Table 2.9 compares the pricing performance of the Corporate CAPM and that of the most

popular existing asset pricing models. I consider three other models: the CAPM (Column

1), the Fama and French three-factor model (Column 2), and the Consumption CAPM

(Column 3). Columns 4 and 5 report the results for both unconditional and conditional

tests of the Corporate CAPM. In terms of test assets, Panel A refers to the Fama-French

25 portfolios, Panel B to the 25 portfolios sorted by HML and market beta, Panel C to

the 30 Fama-French industry portfolios, and Panel D to all portfolios together.
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[Insert Table 2.9 Here]

As in previous studies, the CAPM and the Consumption CAPM are not successful in

pricing the tests assets. The MAE is high, ranging from 1.362% per annum to 1.911%

per annum, and the R2 is consistently low across all test assets. The Fama-French model

instead performs rather well, with mean absolute pricing errors ranging from 0.673% to

1.095% per year, and R2 between 0.630 for the 30 Fama-French portfolios and 0.915 for

the portfolios sorted by size and book-to-market. With respect to these two indicators,

the Corporate CAPM outperforms all models on all test assets, both in its unconditional

and conditional specification. Not surprisingly, and consistent with the findings in Ahn

and Gadarowski [2004], Burnside [2010], Lewellen et al. [2010], and Daniel and Titman

[2012], the formal tests based on HJ and J statistics are uninformative, and are unable

to reject any model. Although these findings should be interpreted with caution due to

the well-known issues with the testing framework, the Corporate CAPM seems to have a

satisfactory pricing performance.

[Insert Figure 2.6 Here]

Figure 2.6 summarizes the previous comparison among models, in line with Figure 2.4.

Panels A through D depict predicted versus realized average excess returns for the CAPM,

the Fama-French model, the Consumption CAPM, and the Corporate CAPM. The figure

refers to all the test assets together. Panels A and C show that the points are far from

the 45-degree line for the CAPM and the Consumption CAPM, while they line up fairly

well for the Fama and French’s model (Panel B), and especially for the Corporate CAPM

(Panel D).

2.6.4 Industry Breakdowns

As I discuss in Section 2.4, Proposition 3 provides an irrelevance result that I dub as the

relativity property. In the model, as long as the number of firms used in the aggregation

process is large, any choice of the set of benchmark firms for the computation of the

factors allows to back out the same approximate stochastic discount factor.

Table 2.10 reports unconditional (Panel A) and conditional (Panel B) tests of the

Corporate CAPM with respect to five large reference industry, namely the Fama-French

industries (consumer goods, manufacturing, hi-tech, healthcare, other). The test assets

are all the previous portfolios together. The results appear to be consistent with the

relativity property. Regardless of the reference industry, mean absolute pricing errors

are rather low, with R2 statistics between 0.720 to 0.854. In addition, the estimates for

the coefficients on the net worth and profitability factors are respectively negative and

positive as predicted by the model.
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These results represent a starting point to understand common procedures that focus

on ”comparable” firms, and that practitioners ordinarily use for company valuation, such

as relative valuation based on multiples or bottom-up betas (Damodaran [2008]). In

fact, unlike classical macro-based asset pricing models, the present framework allows to

formally introduce the concept of benchmark set of firms. Future research may extend

the present model to analyze the conditions under which the irrelevance result breaks,

and attempt to rationalize such commonly used practices.

[Insert Table 2.10 Here]

2.7 Conclusions

Recent corporate finance studies document that hedging motives represent a key deter-

minant of corporate decisions. In a dynamic contracting model, I recover a stochastic

discount factor from firm’s investment and financing policies. This leads to a novel asset

pricing model, the Corporate CAPM. In the model, firms hedge by transferring resources

to future states where they are more valuable. Firms have limited funds because of collat-

eral constraints that endogenously arise from agency conflicts between firms and lenders.

The amount of resources firms can devote to hedging is therefore limited. In this context,

the shareholders’ stochastic discount factor measures the importance of each state for

firm’s value. Value maximization provides a motive for firms to hedge most important

states, in a tradeoff with their funding needs for current investment and distributions. On

the corporate finance side, a calibrated version of the model is quantitatively consistent

with investment, financing, and payout policies of US listed firms. On the asset pricing

side, the Corporate CAPM finds support in the data. The model performs well in pric-

ing different test assets, also in comparison to popular asset pricing models, namely the

CAPM, the Consumption CAPM, and the Fama and French three-factor model.

This work has implications for future research not only for production-based asset

pricing, but also for consumption-based models, and for empirical work on the cross-

section of expected returns. The present framework may represent a complementary tool

to advance the understanding of the consumption side of the economy. As Cochrane

[2011] points out, the ultimate goal of asset pricing theory should be to provide a general

equilibrium explanation of how asset returns and consumption are jointly determined. In

general equilibrium, the stochastic discount factor obtained from both the production and

consumption side of the economy must have consistent properties. These additional re-

strictions may provide guidance in modeling the household side on the economy. Another

implication of this paper is that the state variables of the firm’s optimization problem,

in other words the determinants of firms’ decisions, enter the stochastic discount factor

directly. For empirical work, this observation may provide insights for the development of
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new testable hypotheses for cross-sectional differences in returns. Finally, an asset pricing

result in this paper is what I refer to as the relativity property: any subset of firms in

the economy can be used as a benchmark to recover the stochastic discount factor, and

compute prices and returns. The relativity property is an irrelevance result because, lit-

erally, the model predicts that the choice of the set of benchmark firms does not matter.

However, practioners often adopt procedures that focus on comparable firms to evaluate

riskiness and compute equity returns.29 The irrelevance result in this framework may

represent a benchmark for future research, both theoretical and empirical. I leave these

as possible topics for future research.

29Examples are the use of bottom-up betas, and relative valuation based on multiples. See, for exam-
ple, Damodaran [2008].
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Figure 2.1. Collateral-Based Asset Pricing: Illustration
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Panel B: Hedging
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The figure illustrates the set of possible payoffs of a firm with and without hedging in the context
of the example in Section 2.2. Panel A depicts the case of no hedging, while Panel B introduces
hedging. In Panel A, the thick solid lines represent the firm’s payoff in the sunny (d(S)) and rainy
(d(R)) states for a given payout d(F ) in the foggy state. k in capital investment, and b is the
debt stock. Blue and red dashed lines represent two possible sets of indifference curves for the
representative investor. The equilibrium marginal rate of substitution, and hence the stochastic
discount factor, cannot be backed out because the kinks at any decision point are consistent with
more than one indifference curve. In Panel B, the firm can transfer resources across states by
arranging state-contingent debt repayments b(S), b(F ), and b(R) in the sunny, foggy, and rainy
states, in the presence of collateral constraints. The payout set is linear, and in equilibrium its
slope must be equal to the slope of indifference curves.
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Figure 2.2. The Dynamic Limited Enforcement Problem

Panel A: Intraperiod Timing

Panel B: Extensive Form Game

The figure depicts the timing of events in the dynamic limited enforcement problem, as described
in the text. Panel A represents the sequence of events that occur each period after the long-term
contract between the lender and the borrower is signed. Panel B shows the extensive form of the
game from which enforcement constraints arise as an equilibrium outcome. In Panel B, red lines
and blue lines represent optimal strategies and payoffs for the firm and the lender respectively. The
possible strategies for the borrower are either to renege the contract (R), or to continue running
the firm (R). If the borrower decides to renege the contract, The possible strategies for the lender
are either to liquidate the firm (L), or to not liquidate the firm (L). At time t and for firm i,
M(xt) denotes the stochastic discount factor, Rt is the risk-neutral lender’s discount rate, di,t the
dividend payment, τi,t the repayment to the lender, ki,t the firm’s capital stock, O(ki,t+1, si,t) the
value of the outside opportunity for the entrepreneur, and 1− θ the fraction of capital the lender
can expropriate upon liquidation. si,t in the state of the economy, and consists of an aggregate
shock xt, and of a firm-specific shock zi,t.
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Figure 2.3. Firm’s policy: Illustration

0 0.05 0.1 0.15
0

0.1

0.2

0.3

wC

A. Firm’s Value

V
al

ue
 F

un
ct

io
n 

V
(w

,s
)

Current net worth w
i,t

0 0.05 0.1 0.15
0

0.05

0.1

wC

B. Payout Policy

D
iv

id
en

d 
d i,t

Current net worth w
i,t

0 0.05 0.1 0.15
0

0.2

0.4

wC

C. Investment Policy

F
ut

ur
e 

ca
pi

ta
l s

to
ck

 k
i,t

+
1

Current net worth w
i,t

0 0.05 0.1 0.15
0

0.1

0.2

wC

D. Leverage

Le
ve

ra
ge

 E
[b

i(s
(t

+
1)

)]
Current net worth w

i,t

0 0.05 0.1 0.15
0

0.2

0.4

wC

E. Hedging Policy − Aggregate State
C

on
tr

ac
te

d 
R

ep
ay

m
en

t b
(x

t+
1)

Current net worth w
i,t

0 0.05 0.1 0.15
0

0.2

0.4

wC

F. Hedging Policy − Idiosyncratic State

C
on

tr
ac

te
d 

R
ep

ay
m

en
t b

(z
(i,

t+
1)

)

Current net worth w
i,t

The figure illustrates the investment, payout, financing, and hedging policy of the firm as a function
of current net worth wi,t. The model is solved under the baseline calibration in Table 4.2. Panels
A through F show: firm’s equity value V (w(si,t), si,t), dividend payouts di,t the new capital stock
ki,t+1, the observed debt stock E[b(si,t+1)], the debt repayment in three different aggregate states
b(xt+1), and the debt repayment in three different idiosyncratic states b(zi,t+1). In all Panels, wC

denotes the net worth cutoff that delimits the region in which the firm is paying dividends. In
Panel A, the dashed blue line represents the 45-degree slope of the value function in the region
where dividends are paid. In Panels E and F, the solid line refer to the repayment in the middle
state, the dashed red line to the one-state-down repayment, and the dash-dotted green line to the
one-state-up repayment.
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Figure 2.4. Predicted vs Realized Excess Returns: Corporate CAPM.
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The figure illustrates annual predicted and realized excess returns for the first-stage GMM esti-
mation of the Corporate CAPM as in Table 2.6. Panels A through D refer to the following test
assets: the 25 Fama and French’s portfolios sorted on size and book-to-market equity, 25 risk-sorted
portfolios on pre-ranking market and HML betas as in Yogo [2006], the 30 Fama-French industry
portfolios, and all the previous portfolios. In Panel A, the first digit of the label corresponds to the
size quintile, and the second digit to the book-to-market equity quintile. In Panel B, the first digit
of the label corresponds to the pre-ranking HML beta quintile, and the second digit to the market
beta within each HML beta group. In Panel C, the labels are mnemonics for Fama and French
30-Industry classification as on Kenneth French’s website. Accounting data for the construction
of the Corporate CAPM factors are from Compustat Annual. The sample period is from 1965 to
2010.
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Figure 2.5. Coefficients on the Hedging and Profitability Factors
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Panels A through C depict the marginal value of net worth Vw(wi,t, si,t), its derivative with respect

to current net worth Vww(wi,t, si,t), and the coefficient ai,t ≡ Vww(wi,t,si,t)
Vw(wi,t,si,t)

, all as a function of

current net worth wi,t. The pictures refer to the steady state for both aggregate and idiosyncratic
shocks. Panels D through F depict the marginal value of net worth Vw(wi,t, si,t), its derivative

with respect to current net worth Vww(wi,t, si,t), and the coefficient ci,t ≡ Vwx(wi,t,si,t)
Vw(wi,t,si,t)

, all as a

function of the current aggregate shock xt. The pictures refer to the steady state for both net worth
and aggregate shocks. The coefficients ai,t and ci,t on the net worth and aggregate profitability
factors are aggregated for conditional tests and lead to the specification of the Corporate CAPM
in Equation (2.56).
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Figure 2.6. Predicted vs Realized Excess Returns: Comparison Among Models.
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The figure illustrates predicted and realized excess returns for the first-stage GMM estimation of
different asset pricing models. All returns are annual and in excess of the riskfree rate. The test
assets are the 25 Fama and French’s portfolios sorted on size and book-to-market equity, 25 risk-
sorted portfolios on pre-ranking market and HML betas as in Yogo [2006], and the 30 Fama-French
industry portfolios, all together. Panels A through D refer to the asset pricing models estimated
in Table 2.9: the CAPM, the three factor model of Fama and French, the Consumption CAPM,
and the Corporate CAPM (unconditional estimation). Accounting data for the construction of the
Corporate CAPM factors are from Compustat Annual. The sample period is from 1965 to 2010.
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Table 2.1. Model Calibration.

The table reports actual and simulated moments, together with the corresponding choice of structural
parameters. Panel A reports a set of moments that refers to corporate policies, and the corresponding
data values. Calculations of data moments in Panel A are based on a sample of nonfinancial, unregulated
firms from the annual 2012 Compustat Industrial database. The sample period is from 1988 to 2001.
Operating income is defined as (xt+1zt+1k

α
t )/kt, investment as it = kt+1 − (1 − δ)kt, leverage as

E[b(st+1)]/(E[b(st+1)] + V (wt, st)), distributions as dt/kt and Tobin’s Q as (V (wt, st) + E[b(st+1)])/kt.
Panel B reports a set of simulated aggregate asset pricing moments, whose data counterparts are from
previous studies. Panel C reports the chosen values for structural parameters. Parameters in Group
I are those whose value can be restricted from previous works or maps directly into data moments.
Parameters in Group II pertain to the pricing kernel and are set to match the average real riskfree rate,
the real riskfree rate volatility, and the average Sharpe ratio. Parameters in Group III are set to match
simulated moments to data moments. α is the curvature of the production function, θ is the fraction of
diverted capital in case of liquidation, δ is the depreciation rate, β, γ0, and γ1 are the parameters in the
stochastic discount factor, µx, ρx, σx are the parameters driving the dynamics of the aggregate shock,
ρz, and σz are the parameters driving the dynamics of the idiosyncratic shock, and ϕ is the fraction of
incumbents per period.

Panel A: Corporate Policy Moments
Simulated Moments Data Moments

Mean of operating income 0.2115 0.1387
Variance of operating income 0.0077 0.0068
Serial correlation of operating income 0.6706 0.7920
Mean of investment 0.1609 0.2018
Variance of investment 0.0568 0.0516
Mean of leverage 0.3931 0.2820
Variance of leverage 0.0427 0.0546
Serial correlation of leverage 0.6493 0.7723
Average distributions 0.0486 0.0310
Mean Tobin’s Q 1.6522 1.5594

Panel B: Aggregate Moments
Simulated Moments Data Moments

Mean of riskfree rate 0.0219 0.0290
Volatility of riskfree rate 0.0375 0.0300
Mean of Sharpe Ratio 0.3499 0.4100
Average excess returns 0.0627 0.0790
Variance of aggregate returns 0.0228 0.0317
Mean of firm-level return variances 0.0804 0.1149

Panel C: Calibrated Parameters
Group I Group II Group III

δ ρx σx ϕ β γ0 γ1 α θ µx ρz σz
0.1500 0.8145 0.0280 0.0200 0.9400 12.5 -120 0.7600 0.3000 -2.0 0.8700 0.0750
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Table 2.2. Comparative Statics: Curvature of the Production Function.

The table reports simulated data moments for three different values of the curvature of the production
function α. As in Table 4.2, the table reports a set of moments that refers to corporate policies, and the
aggregate asset pricing moments that are not calibrated to the parameters in the pricing kernel (Group
II in Table 4.2). Operating income is defined as (xt+1zt+1k

α
t )/kt, investment as it = kt+1 − (1 − δ)kt,

book leverage as E[b(st+1)]/kt, market leverage as E[b(st+1)]/(E[b(st+1)] + V (wt, st)), distributions as
dt/kt and Tobin’s Q as (V (wt, st) + E[b(st+1)])/kt.

Curvature of the Production Function α = 0.4000 α = 0.6500 α = 0.9000

A. Corporate Policy Moments

Mean of operating income 0.4467 0.2862 0.1672

Variance of operating income 0.0401 0.0075 0.0018

Serial correlation of operating income 0.6918 0.6777 0.5325

Mean of investment 0.1556 0.1691 0.1774

Variance of investment 0.0109 0.0277 0.1983

Mean of leverage 0.2433 0.3302 0.5613

Variance of market leverage 0.0144 0.0307 0.0306

Serial correlation of market leverage 0.7459 0.7807 0.3423

Average distributions 0.1804 0.1023 0.0291

Mean Tobin’s Q 2.8122 2.0801 1.3531

B. Aggregate Asset Pricing Moments

Average excess returns 0.0778 0.0581 -0.0242

Variance of aggregate returns 0.0141 0.0191 0.0707

Mean of firm-level return variances 0.0211 0.0289 0.1618
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Table 2.3. Comparative Statics: Pledgeability Parameter.

The table reports simulated data moments for three different values of the fraction of diverted
capital in case of liquidation θ. As in Table 4.2, the table reports a set of moments that refers to
corporate policies, and the aggregate asset pricing moments that are not calibrated to the parameters in
the pricing kernel (Group II in Table 4.2). Operating income is defined as (xt+1zt+1k

α
t )/kt, investment as

it = kt+1−(1−δ)kt, book leverage as E[b(st+1)]/kt, market leverage as E[b(st+1)]/(E[b(st+1)]+V (wt, st)),
distributions as dt/kt and Tobin’s Q as (V (wt, st) + E[b(st+1)])/kt.

Pledgeability Parameter θ = 0.1000 θ = 0.4000 θ = 0.7000

A. Corporate Policy Moments

Mean of operating income 0.2123 0.2402 0.2606

Variance of operating income 0.0080 0.0056 0.0067

Serial correlation of operating income 0.5296 0.6714 0.6843

Mean of investment 0.1783 0.2442 0.2736

Variance of investment 0.4371 0.4442 0.3685

Mean of leverage 0.4276 0.3621 0.3227

Variance of market leverage 0.0534 0.0490 0.0436

Serial correlation of market leverage 0.7300 0.7747 0.7529

Average distributions 0.1092 0.0697 0.0820

Mean Tobin’s Q 1.5040 1.8070 1.8362

B. Aggregate Asset Pricing Moments

Average excess returns 0.0461 0.0809 0.0945

Variance of aggregate returns 0.0547 0.0722 0.0373

Mean of firm-level return variances 0.0915 0.1072 0.1125
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Table 2.4. Comparative Statics: Volatility of Productivity Shocks.

The table reports simulated data moments for three different values of the volatility of aggregate
productivity σx (Panel A), and idiosyncratic productivity σz (Panel B). As in Table 4.2, the table reports
a set of moments that refers to corporate policies, and the aggregate asset pricing moments that are not
calibrated to the parameters in the pricing kernel (Group II in Table 4.2). Operating income is defined as
(xt+1zt+1k

α
t )/kt, investment as it = kt+1 − (1− δ)kt, book leverage as E[b(st+1)]/kt, market leverage as

E[b(st+1)]/(E[b(st+1)] + V (wt, st)), distributions as dt/kt and Tobin’s Q as (V (wt, st) + E[b(st+1)])/kt.

Panel A. Volatility of Aggregate Shocks σx = 0.0050 σx = 0.0250 σx = 0.0450

A. Corporate Policy Moments
Mean of operating income 0.2992 0.2543 0.2153

Variance of operating income 0.0027 0.0080 0.0108

Serial correlation of operating income 0.2773 0.6913 0.6673

Mean of investment 0.1731 0.3613 1.1805

Variance of investment 0.1197 1.1622 16.8060

Mean of leverage 0.3782 0.4170 0.2872

Variance of market leverage 0.0325 0.0448 0.0515

Serial correlation of market leverage 0.7181 0.7254 0.4187

Average distributions 0.0965 0.0854 0.0021

Mean Tobin’s Q 1.7250 1.7035 2.1871

B. Aggregate Asset Pricing Moments
Average excess returns 0.0539 0.1002 0.3471

Variance of aggregate returns 0.0265 0.0787 2.7614

Mean of firm-level return variances 0.0945 0.1661 1.8517

Panel B. Volatility of Idiosyncratic Shocks σz = 0.0250 σz = 0.1250 σz = 0.2250

A. Corporate Policy Moments
Mean of operating income 0.2355 0.2301 0.2440

Variance of operating income 0.0059 0.0054 0.0103

Serial correlation of operating income 0.6448 0.6114 0.5750

Mean of investment 0.1746 0.1871 0.1998

Variance of investment 0.0638 0.0825 0.1672

Mean of leverage 0.4419 0.4112 0.3019

Variance of market leverage 0.0383 0.0396 0.0414

Serial correlation of market leverage 0.6742 0.7506 0.7535

Average distributions 0.0501 0.0339 0.0958

Mean Tobin’s Q 1.6616 1.8544 2.1161

B. Aggregate Asset Pricing Moments
Average excess returns 0.0332 0.0471 0.0977

Variance of aggregate returns 0.0322 0.0487 0.0618

Mean of firm-level return variances 0.0608 0.0753 0.1560
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Table 2.5. Comparative Statics: Persistence of Productivity Shocks.

The table reports simulated data moments for three different values of the persistence of aggre-
gate productivity ρx (Panel A), and idiosyncratic productivity ρz (Panel B). As in Table 4.2, the
table reports a set of moments that refers to corporate policies, and the aggregate asset pricing
moments that are not calibrated to the parameters in the pricing kernel (Group II in Table 4.2).
Operating income is defined as (xt+1zt+1k

α
t )/kt, investment as it = kt+1 − (1 − δ)kt, book leverage as

E[b(st+1)]/kt, market leverage as E[b(st+1)]/(E[b(st+1)] + V (wt, st)), distributions as dt/kt and Tobin’s
Q as (V (wt, st) + E[b(st+1)])/kt.

Panel A. Persistence of Aggregate Shocks ρx = 0.6500 ρx = 0.8000 ρx = 0.9500

A. Corporate Policy Moments
Mean of operating income 0.2480 0.2412 0.2600

Variance of operating income 0.0088 0.0070 0.0054

Serial correlation of operating income 0.6396 0.6923 0.7037

Mean of investment 0.8602 0.3097 0.2213

Variance of investment 5.3475 0.8147 0.3225

Mean of leverage 0.3594 0.3955 0.3405

Variance of market leverage 0.0666 0.0502 0.0664

Serial correlation of market leverage 0.7092 0.8047 0.9082

Average distributions 0.0893 0.0828 0.0910

Mean Tobin’s Q 2.1677 1.6384 1.7656

B. Aggregate Asset Pricing Moments
Average excess returns 0.1088 0.0719 0.0898

Variance of aggregate returns 0.1877 0.0950 0.0496

Mean of firm-level return variances 0.2284 0.1256 0.0587

Panel B. Persistence of Idiosyncratic Shocks ρz = 0.1000 ρz = 0.5000 ρz = 0.9000

A. Corporate Policy Moments
Mean of operating income 0.2251 0.2351 0.2377

Variance of operating income 0.0058 0.0090 0.0090

Serial correlation of operating income 0.6523 0.6619 0.6689

Mean of investment 0.1616 0.3816 0.4212

Variance of investment 0.1244 0.9144 1.7224

Mean of leverage 0.4181 0.4693 0.4111

Variance of market leverage 0.0448 0.0536 0.0439

Serial correlation of market leverage 0.7924 0.5810 0.6837

Average distributions 0.0912 0.0579 0.0785

Mean Tobin’s Q 1.5041 1.4552 1.6718

B. Aggregate Asset Pricing Moments
Average excess returns 0.0365 0.0737 0.0960

Variance of aggregate returns 0.0298 0.0968 0.1024

Mean of firm-level return variances 0.0389 0.1211 0.1864
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Table 2.6. Unconditional Tests of the Corporate CAPM.

The table reports the estimated factor loading on the net worth, and profitability factors for the Corporate
CAPM. The test assets are the 25 Fama and French’s portfolios sorted on size and book-to-market equity,
25 risk-sorted portfolios sorted on pre-ranking market and HML betas as in Yogo [2006], the 30 Fama-
French industry portfolios, and all the previous portfolios. All returns are annual and in excess of the
riskfree rate. In this specification, the model is estimated unconditionally, and the curvature parameter
α is set to the calibrated value of 0.76. Estimation is by two-step GMM. HAC standard errors are in
parentheses. The kernel is Newey-West with a lag length of 1 year. MAE denotes the percent mean
absolute pricing error, and the R2 is computed as in Campbell and Vuolteenaho [2004]. The latter two
statistics are based on first-stage estimates. HJ denotes the Hansen-Jagannathan distance, computed as
in Jagannathan and Wang [1996]. p(HJ) is the p-value for the HJ test corrected for degrees of freedom
as in Ferson and Foerster [1994]. J and p(J) denote the test statistic and the p-value for a test of
overidentifying restrictions. Accounting data for the construction of the Corporate CAPM factors are
from Compustat Annual. The sample period is from 1965 to 2010.

Test Assets

Estimate 25 S/BM FF 30 Ind Risk-Sorted All

Net Worth 2.853 -8.392 0.879 -6.344
(1.623) (0.978) (1.574) (1.367)

Profitability 23.145 26.927 50.785 27.621
(1.285) (1.572) (5.826) (5.831)

MAE (%) 0.764 0.790 0.676 0.838

R2 0.923 0.771 0.872 0.846

HJ Distance 0.773 0.828 0.669 -
p(HJ) (0.768) (0.982) (0.913) -

J 22.333 22.405 17.730 22.487
p(J) (0.500) (0.762) (0.772) (1.000)
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Table 2.7. Conditional Tests: Nonlinear Regression for ai,t and ct.

The table reports estimated coefficients and the R2 for a nonlinear regression of the time-varying
coefficient ai,t, and of a linear regression of ct, for the conditional specification of empirical tests of the
Corporate CAPM. The values of ai,t are regressed from the numerical solution of the model on the
endogenous state variable wi,t, with the functional form:

a0
1

1 + a1wi,t

Estimation is based the algorithm in Levenberg [1944] and Marquardt [1963]. The values of ct ≡ 1
N

N∑
j=1

cj,t

are regressed from the numerical solution of the model on the state variable xt, with the functional form:

c0 + c1ρ
A
t

Standard errors are in parentheses. The R2 is from a cross-sectional regression of fitted on actual values.

Dependent Variable: ai,t
Functional Form a0 a1 R2

a0 · 1
1+a1wi,t

-35.424 7.489 0.969

(0.295) (0.271)

Dependent Variable: ct
Functional Form c0 c1 R2

c0 + c1ρ
A
t 4.142 -17.623 0.999

(0.072) (0.529)
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Table 2.8. Conditional Tests of the Corporate CAPM

The table reports the estimated factor loading on the net worth, and profitability factors for the Corporate
CAPM. The test assets are the 25 Fama and French’s portfolios sorted on size and book-to-market equity,
25 risk-sorted portfolios sorted on pre-ranking market and HML betas as in Yogo [2006], the 30 Fama-
French industry portfolios, and all the previous portfolios. All returns are annual and in excess of the
riskfree rate. In this specification, the model is estimated conditionally with the stochastic discount factor
in Equation (2.56), in which the coefficient ai,t for ”net worth” factor is time varying, and as in Table 2.7,
is parametrized as:

a0
1

1 + a1wi,t

and the estimated coefficient for the ”profitability factor” is parametrized as:

c0 + c1ρ
A
t

The table reports the estimates for a0 and c0, while a1 is set to 7.489, and c1 is set to -17.623 as estimated
in Table 2.7. The curvature parameter α is set to the calibrated value of 0.76. Estimation is by two-step
GMM. Standard errors are in parentheses, and are computed with HAC standard error. The kernel is
Newey West with a lag length of 1 year. MAE denotes the percent mean absolute pricing error, and the
R2 is computed as in Campbell and Vuolteenaho [2004]. The latter two statistics are based on first-stage
estimates. HJ denotes the Hansen-Jagannathan distance, computed as in Jagannathan and Wang [1996].
p(HJ) is the p-value for the HJ test corrected for degrees of freedom as in Ferson and Foerster [1994].
J and p(J) denote the test statistic and the p-value for a test of overidentifying restrictions. Accounting
data for the construction of the Corporate CAPM factors are from Compustat Annual. The sample
period is from 1965 to 2010.

Test Assets

Estimate 25 S/BM FF 30 Ind Risk-Sorted All

Net Worth 19.536 -97.200 7.272 -21.700
(38.975) (14.240) (40.198) (5.009)

Profitability 34.361 27.007 40.231 28.097
(2.788) (0.934) (3.613) (4.160)

MAE (%) 0.634 0.784 0.557 0.722

R2 0.944 0.820 0.911 0.888

HJ Distance 0.876 0.810 0.783 -
p(HJ) (0.711) (0.981) (0.901) -

J 22.714 22.863 18.997 22.254
p(J) (0.478) (0.740) (0.701) (1.000)
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Table 2.9. Comparison Among Models.

Columns 1 through 5 report performance measures for the CAPM, the three factor model of Fama and
French, the consumption CAPM, and the Corporate CAPM. For the Corporate CAPM, the results for
unconditional estimates are in Column 5, and those for conditional estimates are in Column 6. Panels
A through D refer to the following test assets: the 25 Fama and French’s portfolios sorted on size and
book-to-market equity, 25 risk-sorted portfolios on pre-ranking market and HML betas as in Yogo [2006],
the 30 Fama-French industry portfolios, and all the previous portfolios. All returns are annual and in
excess of the riskfree rate. Estimation is by two-step GMM. HAC standard error are in parentheses. The
kernel is Newey-West with a lag length of 1 year. MAE denotes the percent mean absolute pricing error,
and the R2 is computed as in Campbell and Vuolteenaho [2004]. The latter two statistics are based
on first-stage estimates. HJ denotes the Hansen-Jagannathan distance, computed as in Jagannathan
and Wang [1996]. p(HJ) is the p-value for the HJ test corrected for degrees of freedom as in Ferson
and Foerster [1994]. J and p(J) denote the test statistic and the p-value for a test of overidentifying
restrictions. Accounting data for the construction of the Corporate CAPM factors are from Compustat
Annual. The sample period is from 1965 to 2010.

Corporate Corporate
CAPM Fama-French CCAPM CAPM CAPM

(Unconditional) (Conditional)

Panel A. 25 Fama-French Portfolios

MAE (%) 1.764 0.673 1.414 0.752 0.634
R2 0.510 0.915 0.586 0.923 0.944
HJ 0.871 0.863 0.869 0.804 0.876
p(HJ) (0.736) (0.293) (0.885) (0.735) (0.711)
J 19.508 21.459 20.913 21.968 22.714
p(J) (0.724) (0.493) (0.644) (0.522) (0.478)

Panel B. 25 Risk-Sorted Portfolios

MAE (%) 1.857 0.815 1.911 0.758 0.557
R2 0.217 0.837 0.196 0.852 0.911
HJ 0.761 0.761 0.773 0.693 0.713
p(HJ) (0.912) (0.683) (0.942) (0.894) (0.901)
J 19.897 19.886 21.809 20.354 18.997
p(J) (0.703) (0.590) (0.591) (0.620) (0.701)

Panel C. 30 Fama-French Industry Portfolios

MAE (%) 1.362 1.095 1.629 0.935 1.015
R2 0.264 0.630 0.159 0.743 0.784
HJ 0.846 0.848 0.877 0.822 0.820
p(HJ) (0.988) (0.906) (0.993) (0.982) (0.981)
J 20.232 20.838 22.306 22.112 22.863
p(J) (0.886) (0.794) (0.807) (0.776) (0.740)

Panel D. All 80 Portfolios

MAE (%) 1.703 0.990 1.829 0.838 0.722
R2 0.378 0.791 0.349 0.846 0.888
J 22.349 22.358 22.475 22.487 22.254
p(J) (1.000) (1.000) (1.000) (1.000) (1.000)
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Table 2.10. The Corporate CAPM: Industry Breakdowns.

The table reports the estimated factor loading on the net worth, and profitability factors for the Corporate
CAPM. The test assets are the 25 Fama and French’s portfolios sorted on size and book-to-market equity,
25 risk-sorted portfolios on pre-ranking market and HML betas as in Yogo [2006], and the 30 Fama-
French industry portfolios, all together. All returns are annual and in excess of the riskfree rate. The
first row reports the reference set of firms with respect to the Corporate CAPM factors are computed,
and corresponds to Fama and French’s five-industry classification. Panel A refers to unconditional tests,
implemented as in Table 2.6. Panel B refers to conditional tests, implemented as in Table 2.8. Estimation
is by two-step GMM. HAC standard errors are in parentheses. The kernel is Newey-West with a lag
length of 1 year. MAE denotes the percent mean absolute pricing error, and the R2 is computed as in
Campbell and Vuolteenaho [2004]. The latter two statistics are based on first-stage estimates. J and
p(J) denote the test statistic and the p-value for a test of overidentifying restrictions. Accounting data
for the construction of the Corporate CAPM factors are from Compustat Annual. The sample period is
from 1965 to 2010.

Panel A: Unconditional Tests
Reference Industry

Estimate Cnsmr Manuf HiTec Hlth Other

Net Worth -8.567 -2.148 -2.359 -3.795 -5.224
(1.976) (0.480) (0.508) (0.821) (1.105)

Profitability 34.680 15.858 11.321 19.065 20.690
(7.337) (3.346) (2.392) (4.025) (4.379)

MAE (%) 0.930 0.959 0.898 1.214 0.895

R2 0.822 0.854 0.841 0.830 0.823

J 22.487 22.481 22.465 22.470 22.432
p(J) (1.000) (1.000) (1.000) (1.000) (1.000)

Panel B: Conditional Tests
Reference Industry

Estimate Cnsmr Manuf HiTec Hlth Other

Net Worth -17.700 -27.000 -20.300 -18.900 -47.500
(7.239) (5.861) (4.772) (4.462) (10.343)

Profitability 12.975 4.902 6.526 10.107 7.189
(2.751) (1.034) (1.384) (2.132) (1.529)

MAE (%) 1.212 1.297 0.856 0.951 0.864

R2 0.720 0.728 0.847 0.835 0.822

J 22.485 22.480 22.487 22.475 22.457
p(J) (1.000) (1.000) (1.000) (1.000) (1.000)
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2.A Two-Period Example: Additional Results

2.A.1 The Lenders’ Problem

In the model, lenders have deep pockets and agree to provide an amount b to the firm

in change of state-contingent repayments Rb(s) tomorrow. Lenders are risk neutral, and

they make zero profits because of competition among them. The lender’s problem is:

UL = max
b

−b+ E

[
Rb(s)

R

]
(2.A.1)

s.t.

−b+ E

[
Rb(s)

R

]
≥ 0 (2.A.2)

The second equation is the incentive rationality constraint of lendes. Because of compe-

tition, Equation (2.A.2) is satisfied with equality, and b = E[b(s)]. Therefore, the supply

curve is perfectly elastic, and the price b is constant regardless of demand. Notice that

if a lender would try to ask more than b, another lender would undercut it. Incentive

rationality constraints are therefore always binding.

2.A.2 Perfect Risk Sharing

This subsection presents the two-period problem without constraints on the implementable

state-contingent transfers b(s). The problem in (2.9)-(2.12) becomes:

U(w) = max
k,b

d+ πSM(S)d(S) + πFM(F )d(F ) + πRM(R)d(R) (2.A.3)

s.t.

w + b = d+ k (2.A.4)

d(s) = A(s)f(k)−Rb(s) s ∈ {S, F,R} (2.A.5)

The first-order conditions with respect to capital and state-contingent debt are:

E[M(s)Rk(s)] = 1 (2.A.6)

M(s) =
1

R
(2.A.7)

Equation (2.A.7) shows that in this case the stochastic discount factor is constant. In

other words, the firm is able to hedge and fully insure the owners by equalizing their

marginal utility across states. With perfect risk sharing, equity claims would therefore

be priced as if the firm is risk neutral. This case emphasizes that different discount rates

between lenders and borrowers do not imply the presence of arbitrage opportunities in

the market.
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2.B Proofs of Propositions

Proof of Lemma 1. By the definition of net worth, Equation (2.33) must also hold for the current

state, which is measurable respect to the information set at time t. Hence

wi,t ≤ Π(ki,t, si,t) + (1− δ)ki,t −Rtbi,t (2.B.1)

Because free disposal is never optimal, Equations (2.24) , (2.32) and (2.33) are always binding. This

yields:

Π(ki,t, si,t) + (1− δ)ki,t −Rtbi,t = di,t + ki,t+1 − Et[b(si,t+1)] (2.B.2)

Equations (2.32) and (2.33), and Equations (2.24), (2.25) and (2.26) are therefore equivalent. The

enforcement constraint in conjunction with the dividend non-negativity constraint imply that the limited

liability constraint is always satisfied. This constraint is therefore redundant, and can be omitted from the

problem. In fact, because at the optimum V (ki,t, bi,t, si,t) = di,t +Et [M(xt+1)V (ki,t+1, b(si,t+1), si,t+1)],

Equation (2.28) can be rewritten as

V (ki,t, bi,t, si,t) ≥ θki,t+1 + di,t (2.B.3)

By (2.23), di,t ≥ 0. Thus:

V (ki,t, bi,t, si,t) ≥ θki,t+1 + di,t ≥ θki,t+1 (2.B.4)

which implies (2.27) because the fact that limki,t↓0 Π(ki,t, si,t) = ∞ makes optimal capital always strictly

positive. Because only wi,t, and not its individual components predetermined at time t, affect the return

function di,t, the two formulations are equivalent. �

Proof of Lemma 2. Denote by Y the set of the possible values for the state variables wi,t and si,t,

by Γ(y) the set of possible actions ki,t+1 and b(si,t+1) for each y ∈ Y . Let V be the set of functions from

Y to (−∞,∞). In the remainder of the proof, I use the shorthands V LB for V LB(wi,t, si,t), V
UB for

V UB(wi,t, si,t), and V
∗ for V (wi,t, si,t). Denote by ≤ be partial order operator for the functions on V ,

and by T the Bellman operator defined by

(Tv)(y) = sup
a∈Γ(y)

(d(y, a) + Et [βM0(xt+1)v(y
′)] , y, y′ ∈ Y, v ∈ V (2.B.5)

In this setting, the number of states is assumed to be finite, and by no arbitrage we have M0(·) > 0.

Therefore, from the definition of T , it follows that T is monotone. Furthermore, T (V UB) ≤ V UB ,

and T (V LB) ≥ V LB . Under these conditions, the Knaster-Tarski fixed-point theorem (Aliprantis and

Border [2006], Theorem 1.10) guarantees that the Bellman operator has at least one fixed point V FP in

[V LB , V UB ]. Define the sequence V LB
n , with n = 0, 1, 2, ... such that V LB

0 = V LB , and V LB
n+1 = TV LB

n .

Since any fixed point of T in [V LB , V UB ] is bounded above by V UB , the increasing sequence V LB
n must

converge to a fixed point V̂ LB in [V LB , V UB ]. By definition of fixed point, V FP = TV FP , and, by

construction, V LB
n ≤ V FP , for all n. Thus, V̂ LB ≤ V FP . By (2.36), and since the number of states

is finite, the conclusion of Theorem 4.3 in Stokey and Lucas [1989] go through. Therefore V ∗ = V FP .

Finally, the assumptions for Lemma 4.3 in Kamihigashi [2012] are satisfied, and this guarantees that

V ∗ ≤ V̂ LB . As a consequence, the following chain of inequalities holds:

V ∗ ≤ V̂ LB ≤ V FP = V ∗ (2.B.6)

This establishes that the uniqueness result in part (i), and the convergence results in part (ii). �
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Proof of Proposition 1. Part (i). As Equation (2.39) states, the first-order conditions of problem

(2.30)-(2.35) with respect to b(si,t+1) are:

Rtν(si,t+1)M(xt+1) =
νi,t

1 + λi,t
(2.B.7)

Solving the previous equation for M(xt+1), the stochastic discount factor can be obtained as:

M(xt+1) =
νi,t

RtVw(w(si,t+1), xt+1, zi,t+1)(1 + λi,t)
(2.B.8)

The envelope condition (2.30)-(2.35) with respect to the state variable wi,t is:

νi,t = Vw(wi,t, xt, zi,t) (2.B.9)

Plugging the expression of the multiplier νi,t from Equation (2.B.9) into (2.B.8) yields:

M(xt+1) =
Vw(wi,t, xt, zi,t)

RtVw(w(si,t+1), xt+1, zi,t+1)(1 + λi,t)
= (2.B.10)

= µM
i,t

Vw(wi,t, xt, zi,t)

Vw(w(si,t+1), xt+1, zi,t+1)

Part (ii). Taking the log of both sides of (2.40) yields

logM(xt+1) = µM
i,t + log

Vw(wi,t, xt, zi,t)

Vw(w(si,t+1), xt+1, zi,t+1)
(2.B.11)

Define f(w(si,t+1, si,t+1) ≡ log
Vw(w(si,t+1),xt+1,zi,t+1)

Vw(wi,t,xt,zi,t)
. A first-order Taylor expansion of f(w(si,t+1, si,t+1)

around the previous period realization (wi,t, si,t) leads to:

f(w(si,t+1, si,t+1) ≃ f(wi,t, si,t) + fw(wi,t, si,t)(w(si,t+1)− wi,t) + fz(wi,t, si,t)(zi,t+1 − zi,t)(2.B.12)

+ fx(wi,t, si,t)(xi,t+1 − xi,t)

Since

f(wi,t, si,t) = 1 (2.B.13)

fw(wi,t, si,t) =
Vww(wi,t, si,t)

Vw(wi,t, si,t)
(2.B.14)

fz(wi,t, si,t) =
Vwz(wi,t, si,t)

Vw(wi,t, si,t)
(2.B.15)

fx(wi,t, si,t) =
Vwx(wi,t, si,t)

Vw(wi,t, si,t)
(2.B.16)

and because, expressing xt as a Solow residual and recovering zi,t as a function of it, I obtain:

xt = ρAt (2.B.17)

zi,t =
ρi,t
ρAt

(2.B.18)
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Then Equation (2.B.12) simplifies as

log
Vw(w(si,t+1), xt+1, zi,t+1)

Vw(wi,t, xt, zi,t)
= ai,t(w(si,t+1)− wi,t) + bi,t

(
ρi,t+1

ρAt+1

− ρi,t
ρAt

)
+ ci,t

(
ρAt+1 − ρAt

)
(2.B.19)

Plugging (2.B.19) into (2.B.11) yields the result. �

Proof of Proposition 2. The stochastic discount factor can be log-linearized at the first-order as

M(xt+1)

Et[M(xt+1)]
≈ 1 + logM(xt+1)− Et[logM(xt+1)] (2.B.20)

that, using equation (2.41), can be written as:

M(xt+1)

Et[M(xt+1)]
≈ µM

j,t − aj,t(w(sj,t+1)− wj,t)− bj,t

(
ρj,t+1

ρAt+1

− ρj,t
ρAt

)
− cj,t

(
ρAt+1 − ρAt

)
(2.B.21)

The SDF can therefore be approximated with a two-factor linear representation, that is

M(xt+1)

Et[M(xt+1)]
≈ µM

j,t − aj,tf
1
j,t+1 − bj,tf

2
j,t+1 − cj,tf

3
j,t+1 (2.B.22)

with

f1j,t+1 ≡ w(si,t+1)− wi,t (2.B.23)

f2j,t+1 ≡ ρj,t+1

ρAt+1

− ρj,t
ρAt

(2.B.24)

f3j,t+1 ≡ ρAt+1 − ρAt (2.B.25)

M(xt+1) is a valid stochastic discount factor for equity returns Ri,t+1, and for the riskfree return Rf
t .

Therefore:

Et[M(xt+1)Ri,t+1] = Et[M(xt+1)R
f
t ] = 1 (2.B.26)

The previous equation can be rewritten as

Et

[
M(xt+1)(Ri,t+1 −Rf

t )
]
= 0 (2.B.27)

The constant in the SDF is measurable with respect to the time-t information set. Thus, I obtain

Et

[
M(xt+1)

Et[M(xt+1)]
(Ri,t+1 −Rf

t )

]
= 0 (2.B.28)

that is

Covt

[
M(xt+1)

Et[M(xt+1)]
, Ri,t+1 −Rf

t

]
+ Et

[
M(xt+1)

Et[M(xt+1)]

]
Et[Ri,t+1 −Rf

t ] = 0 (2.B.29)

Substituting the approximated expression for the SDF in equation (2.B.22):

Et[Ri,t+1 −Rf
t ] ≈ −Covt

[
µM
j,t − aj,tf

1
j,t+1 − bj,tf

2
j,t+1 − cj,tf

3
j,t+1, Ri,t+1 −Rf

t

]
= (2.B.30)

= −Covt
[
−aj,tf1j,t+1 − bj,tf

2
j,t+1 − cj,tf

3
j,t+1, Ri,t+1 −Rf

t

]
Consider the column vector fj,t+1 obtained by stacking f1j,t+1, f

2
j,t+1, and f

3
j,t+1. The variance-covariance
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matrix of the factors is

V art [fj,t+1] ≡ V art

 f1j,t+1

f2j,t+1

f3j,t+1

 =

 V art(f
1
j,t+1) Covt(f

1
j,t+1, f

2
j,t+1) Covt(f

1
j,t+1, f

3
j,t+1)

Covt(f
2
j,t+1, f

1
j,t+1) V art(f

2
j.t+1) Covt(f

2
j,t+1, f

3
j,t+1)

Covt(f
3
j,t+1, f

1
j,t+1) Covt(f

3
j,t+1, f

2
j,t+1) V art(f

3
j.t+1)


(2.B.31)

and the vector b̃j,t as

b̃j,t ≡

 −aj,t
−bj,t
−cj,t


Then, it follows that:

Et[Ri,t+1 −Rf
t ] ≈ −b̃Tj,tCovt

[
fj,t+1, Ri,t+1 −Rf

t

]
= (2.B.32)

= −b̃Tj,tV art [fj,t+1]V art [fj,t+1]
−1
Covt

[
fj,t+1, Ri,t+1 −Rf

t

]
=

= λ̃Tj,tβi,t

where

λ̃Tj,t ≡ −b̃Tj,tV art [fj,t+1] (2.B.33)

βj,t ≡ V art [fj,t+1]
−1
Covt

[
fj,t+1, Ri,t+1 −Rf

t

]
(2.B.34)

Substituting back the explicit expressions for f1j,t+1, f
2
j,t+1, and f

3
j,t+1 completes the proof. �

Proof of Proposition 3. Part (i). The current aggregate state imposes a restriction of firms’

investment, and financing policy such that the left-hand side of equation (2.41) is equalized across firms.

Therefore:

1

N

∑
j∈Ω

logM(xt+1) = logM(xt+1) ≈ (2.B.35)

≈ 1

N

∑
j∈Ω

[
µM
j,t − aj,t(w(sj,t+1)− wj,t)− bj,t

(
ρj,t+1

ρAt+1

− ρj,t
ρAt

)
− cj,t

(
ρAt+1 − ρAt

)]

The proof of the covariance representation in Equation (2.48) follows as in the previous proof by replacing f1j,t+1

f2j,t+1

f3j,t+1

 with


1
N

∑
j∈Ω

aj,tf
1
j,t+1

1
N

∑
j∈Ω

bj,tf
2
j,t+1

1
N

∑
j∈Ω

cj,tf
3
j,t+1

.
Part (ii). Because

ρj,t+1

ρA
t+1

− ρj,t

ρA
t

= zj,t+1 − zj,t has zero mean, the process for zj,t has a finite support,

and zj,t and zi,t are independent for each i ̸= j, the assumptions in Pruitt [1966] and Rohatgi [1971] hold

and, for N → ∞:
1

N

∑
j∈Ω

bj,t(zj,t+1 − zj,t) → 0 (2.B.36)

by the strong law of large numbers. �
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2.C Solution by Mixed-Integer Programming

In this section, I discuss the numerical solution method of the model. I introduce the

main results on which the solution algorithm is based, and I provide details on its imple-

mentation. I start considering the perfect enforcement problem without the borrowing

constraint (2.34), and I show the equivalence between the dynamic program and the linear

program, along the lines of Ross [1983].

Lemma 3 (Perfect Enforcement Problem as a Linear Program) The solution of

problem (2.30) subject to (2.31), (2.32), (2.33), and (2.35) on a discrete grid is equivalent

to the solution of the following linear programming problem:

min
vw,s

nw∑
w=1

nx·nz∑
s=1

vw,s (2.C.1)

s.t.

vw,s ≥ dw,s,a +
nx·nz∑
s′=1

π(s′|s)M(s′)va,s′ ∀w, s, a (2.C.2)

where nw, nx, and nz are the number of grid points on the grids for wi,t, xt, and zi,t

respectively, vw,s is the value function on the grid point indexed by w and s, a is an index

for an action on the grid for both capital and state-contingent debt repayments, and dw,s,a

denotes the payout corresponding to the action a starting from the state indexed by w and

s.

Proof For a generic policy correspondence g(w, s) define the functional operator T g as

(T gf)(w, s) ≡ d(w, s, g(w, s)) + Et [M(xt+1)f(w(g(w, s)), s
′)] (2.C.3)

where f(·) is a function to which the operator is applied. d(w, s, g(w, s)) denotes the dividend corre-

sponding to the action g(w, s) if the current state is (w, s), and w(g(w, s)) denotes future net worth in

state s′ if the action g(w, s) is undertaken. Notice that this operator is not the Bellman operator because

there is no maximization involved. T g in instead a ”policy iteration” operator, which simply iterates

on the function f(·) using the policy rule specified by g(w, s). T g is a monotone operator, that is if

f1(w, s) ≤ f2(w, s) pointwise, then T g(f1) ≤ T g(f2). In fact, if f1(w, s) ≤ f2(w, s), and because the

number of exogenous states is finite:

Et [M(xt+1)f1(w(g(w, s)), s
′)] ≤ Et [M(xt+1)f2(w(g(w, s)), s

′)] (2.C.4)

Adding d(w, s, g(w, s)) to both sides of (2.C.4) yields T g(f1) ≤ T g(f2). Now consider a function v(w, s)

that satisfies all the constraints in (2.C.2). The monotonicy of T g implies, for n = 0, 1, ..., that v ≥ T g(v),

T g(v) ≥ (T g)2(v), ..., (T g)n(v) ≥ (T g)n+1(v). Then:

v ≥ lim
n↑∞

(T g)n(v) (2.C.5)

By the dominated convergence theorem, the sequence (T g)n(v) converges to a limit point vg(w, s) such
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that v ≥ vg(w, s). Choosing g(w, s) = g∗(w, s), where g∗(w, s) is the optimal policy function that yields

the solution v∗(w, s) of the dynamic programming problem in (2.30)-(2.32) as a fixed point of the Bellman

operator, I obtain:

v(w, s) ≥ vg∗(w, s) = v∗(w, s) (2.C.6)

Therefore, v(w, s) is the smallest pointwise function that, for each state (w, s), satisfies the constraints

in (2.C.2). Hence, this function is the solution of any minimization problem

min
vw,s

nw∑
w=1

nx·nz∑
s=1

ζw,svw,s (2.C.7)

subject to (2.C.2) with ζw,s > 0 . In particular, the objective (2.C.1) solves the problem with ζw,s ≡ 1.

�

The previous lemma shows that the linear programming solution method does not

require the Bellman operator be a contraction mapping. I now incorporate the borrowing

constraint (2.34) into the linear programming representation above. Because the dynamic

programming problem with perfect enforcement has a unique solution, there is only one

binding constraint (i.e. one optimal action a on the grid) for each state (w, s) in the

equivalent linear programming representation. The enforcement constraint (2.34) dictates

that the optimal action a∗w,s for each state (w, s) satisfies

θk(a∗w,s) ≤
nx·nz∑
s′=1

π(s′|s)M(s′)va∗w,s,s
′ ∀w, s (2.C.8)

where k(a∗w,s) denotes the point on the capital grid corresponding to the action a∗w,s. In

the following lemma, I show that the linear programming representation augmented with

constraints (2.C.8) can be solved as a mixed-integer programming problem.

Lemma 4 (Equivalent Mixed-Integer Programming Representation) The prob-

lem in (2.C.1)-(2.C.2) with the borrowing constraints in (2.C.8) is equivalent to:

min
vw,s

nw∑
w=1

nx·nz∑
s=1

vw,s +
nw∑
w=1

nx·nz∑
s=1

∑
a∈Γ(w,s)

ϵ ·Dw,s,a (2.C.9)

s.t.

dw,s,a +
nx·nz∑
s′=1

π(s′|s)M(s′)va,s′ ≤ vw,s ∀w, s, a(2.C.10)

−vw,s + dw,s,a +
nx·nz∑
s′=1

π(s′|s)M(s′)va,s′ +NDw,s,a ≥ 0 ∀w, s, a(2.C.11)

nx·nz∑
s′=1

π(s′|s)M(s′)va,s′ +NDw,s,a ≥ θk(a) ∀w, s, a(2.C.12)

where Dw,s,a are binary variables, ϵ→ 0 is a positive small number, N → ∞ is a positive
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large number, and Γ(w, s) is the set of feasible actions if the current state is (w, s).

Proof The constraints in (2.C.8) must be active only for the optimal action in each state. The mixed-

integer representation achieves this goal by introducing the set of binary variables Dw,s,a in the objective

and in the constraints (2.C.11) and (2.C.12).30 Specifically, the term
nw∑
w=1

nx·nz∑
s=1

∑
a∈Γ(w,s)

ϵ · Dw,s,a in the

objective initializes all the binary variables to zero without affecting the objective for ϵ small enough. If N

is large enough, Equations (2.C.11) force Dw,s,a to one if the corresponding constraint in (2.C.10) is slack.

As a result, Dw,s,a equals zero only in correspondence of the optimal action a∗w,s for each state (w, s).

Finally, when Dw,s,a equals zero, the corresponding enforcement constraint in (2.C.12) becomes active.

This representation of the enforcement constraints is therefore equivalent to the formulation in (2.C.8).

�

It is important to remark that the mixed-integer problem in the previous lemma

is in general less constrained than the ”first-best” problem with perfect enforcement.

In fact, some actions that are feasible in the ”first-best” problem do not satisfy the

borrowing constraints, and are excluded from Γ(w, s). Consistent with this observation,

the minimized objective in the problem with limited enforcement is better and, as I show

below, results in a lower optimal equity value for each state.

As Trick and Zin [1993] discuss, solving the full mixed-integer program (as well as

the full linear problem) would require to store a huge matrix, because the number of

constraints in the problem is very large. This would be impractical, in that hardware,

memory, and computational requirements would be enormous. For this reason, I resort

to constraint generation, which is a standard technique in operation research to solve

problems with a large number of constraints. Specifically, constraint generation begins

with the solution a relaxed problem with the same objective and only a subset of the

constraints. Then, the procedure identifies the remaining constraints in the full problem

that are violated. A subset of the violated constraints is then added to the relaxed problem

according to a selection rule. The procedure is iterated until all constraints are satisfied.

The next lemma proposes a constraint generation algorithm, and shows it converges to

the unique fixed point in Lemma 2.

Lemma 5 (Constraint Generation) The sequence of functions {vn(w, s)}∞n=1 gener-

ated by the following algorithm converges to the fixed point V (w, s) specified in Lemma 2:

1. solve the problem in Lemma 4 with only the constraints corresponding to zero capital

and zero debt for each state (w, s);

2. if all constraints a ∈ Γn(w, s), for all (w, s), are satisfied, terminate the algorithm

(where Γn(w, s) is the set of feasible actions at iteration n);

3. for each state (w, s) add the constraint a ∈ Γn(w, s) that generates the highest violation

in (2.C.10) with respect to the current solution vn(w, s);

30For a review of representations of disjunctive constraints with mixed-integer formulations see, for
example, Vielma [2013].
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4. solve the problem with the current set of constraints;

5. go back to step 2.

Proof The initial set of constraints is feasible in the full problem in Lemma 4 and yields an initial

value function v1(w, s). Adding constraints to the problems as in step 3 renders it more constrained

and, because the objective involves a minimization, yields to a higher objective function. As the proof

of Lemma 4 and Proposition 5.1 in Ross [1983] illustrate, any choice of ζw,s > 0 in the objective func-

tion results in equivalent problems. This implies that, at iteration n and for each grid point (w, s),

vn−1(w, s) ≤ vn(w, s). The sequence {vn(w, s)}∞n=1 is therefore an increasing sequence in a compact set,

because the solution of the full problem lies in the order interval [v1(w, s), vFB(w, s)], where vFB(w, s)

in the solution of the problem with perfect enforcement in (2.C.1)-(2.C.2). v1(w, s) and vFB(w, s) re-

spectively define V LB(wi,t, si,t) and V UB(wi,t, si,t) in Lemma 2. An increasing sequence in a compact

set converges to a limit point that, by construction, is the solution of the full mixed-integer problem

in Lemma 4. By Lemma 2, the equivalent dynamic programming problem has a unique fixed point

in [V LB(wi,t, si,t), V
UB(wi,t, si,t)]. Therefore the constraint generation procedure yields the equilibrium

contract. �

The constraint generation algorithm above extends the procedure in Trick and Zin

[1993], and Trick and Zin [1997]. The procedure starts from a solution which is feasible in

that it does not violate the enforcement constraint. Then, at iteration n and for each state

(w, s), constraints are added using the same rule which is used in value function iteration,

namely maximizing the sum of distributions and the expected continuation value given

the current maximized value vn(w, s). In the mixed-integer programming representation,

this rule corresponds to selecting the most violated constraint for each state in the feasible

set Γn(w, s). As Trick and Zin [1993] document and the results in Pucci de Farias and

Van Roy [2003] suggest, constraint generation allow to achieve significance speed gains.

Most important, it avoids to solve the full problem, which would be computationally too

demanding.

However, to make the method implementable, one last critical issue must be addressed.

The selection of the most violated constraint in the third step of the constraint generation

procedure requires searching over a huge vector of grid points for all the choice variables.

The computational and memory requirement would still be excessive for a problem with

many controls variables. In this setting, this issue is exacerbated by the presence of state-

contingent actions. To make the constraint generation operational, I use a separation

oracle, that is an auxiliary linear programming problem that identifies the most violated

constraint. Separation oracles are standard tools in operation research (Nemhauser and

Wolsey [1988], Schrijver [1998], Cook et al. [2011]), and have been recently used in cor-

porate finance by Nikolov et al. [2013]. I detail and describe the separation oracle for

this problem at the end of this appendix. Operatively, the problem is solved using the

algorithm in Lemma 5, and the separation oracle. Codes are implemented with Matlab R⃝,

and the solver for the mixed-integer programming problems is CPLEX R⃝. Matlab R⃝ and

CPLEX R⃝ are interfaced through the CPLEX Class API R⃝. The workstation has with a
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CPU with 8 cores and 32GB of RAM. The model is solved with three grid points for the

aggregate shock, seven grid points for the idiosyncratic shock, 500 grid points for capi-

tal and each state-contingent debt variable, and 27 grid points for net worth. Following

McGrattan [1997], the grid for net worth is not evenly spaced, but more points are collo-

cated in the low net worth region, where the curvature of value function is more relevant.

Simulated data from the model are based on panels of 5000 firms and 2000 time periods.

Separation Oracle

max
a={k′,b(s′)}

dw,s,a +
nx·nz∑
s′=1

π(s′|s)M(s′)va,s′ − vw,s (2.C.13)

s.t.

k ≤ k′ ≤ k (2.C.14)

b ≤ b(s′) ≤ b ∀s′ (2.C.15)
nx·nz∑
s′=1

π(s′|s)M(s′)vw(s′),s′ ≥ θk′ (2.C.16)

0 ≤ p(ik) ≤ 1 ∀ik = 1, ..., nk (2.C.17)
nk∑

ik=1

p(ik) = 1 (2.C.18)

k′ =

nk∑
ik=1

p(ik)k
G(ik) (2.C.19)

dw,s,a = w − k′ +
nx·nz∑
s′=1

π(s′|s)M(s′)b(s′) (2.C.20)

dw,s,a ≥ 0 (2.C.21)

f(k′) =

nk∑
ik=1

p(ik)(k
G(ik))

α (2.C.22)

w(s′) = A(s′)f(k′) + k′(1− δ)−Rtb(s
′) ∀s′ = 1...nx · nz(2.C.23)

Equations (2.C.14) and (2.C.15) define the bounds for capital and debt, Equation (2.C.16)

is the enforcement constraint and allows to select feasible actions from Γn(w, s), Equa-

tions (2.C.17) and (2.C.18) define the variables p(ik) that have the role to select a grid

point for capital on the grid kG(ik) and linearize the term k′α in the production function,

Equation (2.C.19) picks the grid point for the chosen capital stock from kG(ik), Equa-

tions (2.C.20) and (2.C.21) define dividends and impose their positivity, Equation (2.C.22)

computes the nonlinear term in capital in the production function, and Equation (2.C.23)

defines future net worth in each state s′. The solution of the separation oracle for state-

contingent debt is a continuous variable and is interpolated to the nearest point on the

corresponding grid.
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2.D Data

2.D.1 Corporate Data

Firm-level data for the computation of data moments in Table 4.2 are from the annual 2012

Compustat Industrial database. As in Hennessy and Whited [2005] and DeAngelo et al.

[2011], I consider the sample period from 1988 to 2001 because the tax code has no large

structural breaks. Following standard procedures, I exclude firms with SIC codes between

4900 and 4999, 6000 and 6999, and larger than 9000. I delete firm-year observations with

missing data, and those for which total assets (item [at]), the capital stock (item [ppegt]),

or sales (item [sale]) are either zero or negative. The data moments in Panel A of Table 4.2

are computed as follows: operating income is the ratio between items [oibdp] and [at];

investment is the difference between items [capx] and [sppe], divided by [ppegt]; leverage

is the sum of items [dltt] and [dlc], divided by the sum of [dltt], [dlc], and the total value

of equity (the product of the share price [prcc f] and the number of outstanding shares

[csho]); distributions are the ratio of items [dvc] and [at]; and Tobin’s Q is the sum of

[dltt], [dlc], and the value of equity [prcc f] · [csho], all divided by [at]. Aggregate asset

pricing moments are measured as in Zhang [2005].

2.D.2 Data About Assets and Factors

The empirical analyses is Section 2.6 use data about portfolios and factors to test the

Corporate CAPM, the CAPM, the Consumption CAPM, and the Fama-French three-

factor model. The sample period is from 1965 to 2010.

The Corporate CAPM factors are constructed from the Compustat/CRSP merged

dataset. In order to prevent look-ahead bias, fiscal years are matched to calendar years

with the procedure in Fama and French [1992]. Specifically, returns on the test assets

formed in June of year t are matched to accounting data from the last fiscal year ending

in calendar year t− 1. This guarantees a gap of at least six months between accounting

data and the date of portfolio formation. In constructing the factors for the Corporate

CAPM, net worth is measured as the book value of equity, consistent with the accounting

definition in the contracting model. Following Daniel and Titman [2006], the book value

of equity is computed using redemption, liquidation, and par value of preferred shares, and

accounting for investment tax credits and postretirement benefits. The data items used

([seq], [ceq], [pstk], [at], [lt], [mib], [pstkl], [pstkrv], [txditc]) are obtained from merging the

Compustat/CRSP merged with CRSP. The profitability factor is computed as a Solow

residual, where profitability of individual firms is the ratio between the item [oibdp],

and of the item [at] to the power of α. As I discuss in Appendix E, I also consider a

different measure of aggregate productivity. These data are obtained from John Fernald’s

website. Data on the market return, HML, SMB, the riskfree rate, and the five-industry
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classification in Table 2.10 are from Kenneth French’s website. Data on consumption

growth in nondurable and services are from the US national accounts.

Regarding the test assets, the returns on the Fama-French 25 portfolios sorted by size

and book-to-market equity, and the returns on the Fama-French 30 Industry portfolios

are from Kenneth French’s website. The returns on the portfolios sorted by market and

HML betas are computed as in Yogo [2006]. Post-ranking betas are obtained using the

procedure in Fama and French [1992].
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2.E Empirical Tests

2.E.1 Testing Procedure

Empirical tests for all the asset pricing models in Section 2.6 are implemented in stochastic

discount factor form along the lines of Cochrane [2001], to which I refer for a textbook

treatment of such tests. Since all models are tested on excess returns, the mean of the

stochastic discount factor is not identified. I follow Yogo [2006] and I normalize the

constant in the stochastic discount factor to µM
i,t−1 = 1 + µ′

fb, so that the mean of the

stochastic discount factor M(xt) = µM
i,t−1+(ft−µf )

′b is equal to one. As Burnside [2010]

points out, this normalization appears to be less sensitive to misspecifications when excess

returns are considered. A generic element θ̂ of the parameter space is a pair (b′, µ′
f ) of

vectors of size K. This approach recognizes that the mean of the factors µ′
f is estimated,

and accounts for sampling variation induced by this fact, and is particularly well-suited

when factors are not excess returns on traded assets.

Denote by yt ≡ (Re
t , ft) the vector of data obtained by stacking the excess returns on

the N test assets and the K factors. Then the set of N +K moments conditions is:

g(θ̂, yt) ≡

[
M(xt)R

e
t

ft − µf

]
(2.E.1)

A sufficient condition for local identification is that the covariance matrix of factors and

returns has full rank (Newey and McFadden [1994]). The objective function for the GMM

estimation is:

min
θ̂∈Θ

ET [g′(θ̂, yt)]WET [g(θ̂, yt)] (2.E.2)

where the operator ET (·) denotes the sample mean for a time series of length T , and W

is the positive definite weighting matrix. Estimation is by two-step GMM, with HAC

standard errors. The kernel is Newey-West with a lag length of 1 year. The first-stage

weighting matrix puts an equal weight on the moment conditions for excess returns and,

following Yogo [2006], is specified as

W =

[
(K/N) · IN 0

0 σ̂−1
F

]
(2.E.3)

where σ̂F is a consistent estimate of the covariance matrix of the factors. The R2 and

MAE reported in the text are from first-stage estimations. The R2 measure is com-

puted as in Campbell and Vuolteenaho [2004]. The J-test of overidentifying restrictions

is performend as in Hansen and Singleton [1982], and the Hansen-Jagannathan distance,

its test-statistics, and its p-value are worked out as in Appendix C of Jagannathan and

Wang [1996].
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2.E.2 Alternative Measure of Productivity

Tables 2.E.1 and 2.E.2 are replicas of Tables 2.6 and 2.8 with an alternative productivity

measure from Fernald [2009]. This measure accounts for the presence of labor input in

the production function, and for the possible misspecification in the computation of Solow

residuals. Potential misspecifications are mainly related to failures of standard measures

to control for capital utilization, as Burnside et al. [1996] suggest. The results in the

tables are qualitatively similar to those in the main text. The pricing performance is

sastisfactory and, as column 4 of both tables show, the signs of the estimates are in line

with the predictions of the model.

Table 2.E.1. Alternative Productivity Measure: Unconditional Tests of the Corporate CAPM

The table reports the estimated factor loading on the net worth, and profitability factors for the Corporate
CAPM. The profitability measure is from Fernald [2009]. The test assets are the 25 Fama and French’s
portfolios sorted on size and book-to-market equity, 25 risk-sorted portfolios sorted on pre-ranking market
and HML betas as in Yogo [2006], the 30 Fama-French industry portfolios, and all the previous portfolios.
All returns are annual and in excess of the riskfree rate. In this specification, the model is estimated
unconditionally. Estimation is by two-step GMM. HAC standard errors are in parentheses. The kernel is
Newey West with a lag length of 1 year. MAE denotes the percent mean absolute pricing error, and the
R2 is computed as in Campbell and Vuolteenaho [2004]. The latter two statistics are based on first-stage
estimates. HJ denotes the Hansen-Jagannathan distance, computed as in Jagannathan and Wang [1996].
p(HJ) is the p-value for the HJ test corrected for degrees of freedom as in Ferson and Foerster [1994].
J and p(J) denote the test statistic and the p-value for a test of overidentifying restrictions. Accounting
data for the construction of the Corporate CAPM factors are from Compustat Annual. The sample
period is from 1965 to 2010.

Test Assets

Estimate 25 S/BM FF 30 Ind Risk-Sorted All

Net Worth -2.013 2.868 -1.929 -6.074
(1.834) (1.174) (1.983) (1.385)

Profitability 58.740 44.300 45.056 28.196
(5.134) (2.717) (4.085) (5.954)

MAE (%) 0.597 0.963 0.814 0.782

R2 0.943 0.754 0.829 0.873

HJ Distance 0.831 0.839 0.698 -
p(HJ) (0.654) (0.973) (0.793) -

J 21.780 22.079 21.103 22.474
p(J) (0.534) (0.778) (0.575) (1.000)
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Table 2.E.2. Alternative Productivity Measure: Conditional Tests of the Corporate CAPM

The table reports the estimated factor loading on the net worth, and profitability factors for the Corporate
CAPM. The profitability measure is from Fernald [2009]. The test assets are the 25 Fama and French’s
portfolios sorted on size and book-to-market equity, 25 risk-sorted portfolios sorted on pre-ranking market
and HML betas as in Yogo [2006], the 30 Fama-French industry portfolios, and all the previous portfolios.
All returns are annual and in excess of the riskfree rate. In this specification, the model is estimated
conditionally with the stochastic discount factor in Equation (2.56), in which the coefficient ai,t for ”net
worth” factor is time varying, and as in Table 2.7, is parametrized as:

a0
1

1 + a1wi,t

and the estimated coefficient for the ”profitability factor” is parametrized as:

c0 + c1ρ
A
t

The table reports the estimates for a0 and c0, while a1 is set to 7.489, and c1 is set to -17.623 as estimated
in Table 2.7. Estimation is by two-step GMM. Standard errors are in parentheses, and are computed with
HAC standard error. The kernel is Newey West with a lag length of 1 year. MAE denotes the percent
mean absolute pricing error, and the R2 is computed as in Campbell and Vuolteenaho [2004]. The
latter two statistics are based on first-stage estimates. HJ denotes the Hansen-Jagannathan distance,
computed as in Jagannathan and Wang [1996]. p(HJ) is the p-value for the HJ test corrected for degrees
of freedom as in Ferson and Foerster [1994]. J and p(J) denote the test statistic and the p-value for a
test of overidentifying restrictions. Accounting data for the construction of the Corporate CAPM factors
are from Compustat Annual. The sample period is from 1965 to 2010.

Test Assets

Estimate 25 S/BM FF 30 Ind Risk-Sorted All

Net Worth 19.536 -97.200 7.272 -21.700
(38.975) (14.240) (40.198) (5.009)

Profitability 34.361 27.007 40.231 28.097
(2.788) (0.934) (3.613) (4.160)

MAE (%) 0.634 0.784 0.557 0.722

R2 0.944 0.820 0.911 0.888

HJ Distance 0.876 0.810 0.783 -
p(HJ) (0.706) (0.976) (0.887) -

J 22.714 22.863 18.997 22.254
p(J) (0.478) (0.740) (0.701) (1.000)
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Chapter 3

The Relative Leverage Premium

3.1 Introduction

In their famous second proposition Modigliani and Miller [1958] suggest a positive re-

lationship between equity returns and leverage. Their finding is widely regarded as a

theoretical pillar of modern corporate finance and provides important normative indica-

tions on how to rationalize a firm’s capital structure. However, whether their prediction

holds in a world in which markets are not frictionless is still a controversial issue. Bhan-

dari [1988] finds a positive relationship between stock returns and market leverage, after

controlling for market beta and size. Fama and French [1992] find that the natural log-

arithms of market and book leverage have opposite coefficients for returns, and propose

the difference between these two variables, i.e. the book-to-market ratio, as an alternative

explanatory variable. After controlling for the book-to-market ratio, George and Hwang

[2010] show that stocks of firms in the highest quintile of book leverage earn lower average

returns, while the opposite holds for those in the lowest quintile. Penman et al. [1992]

report a negative relation with returns for both market and book leverage.

While in a Modigliani and Miller’s world firms achieve their desired capital structure

instantaneously, in the presence of adjustment costs and other frictions firms can tem-

porarily deviate from the optimum.1 As discussed by Korteweg [2010], a non-frictionless

dynamic environment generates heterogeneity in the cross-section of observed leverage

ratios. The equity of firms with the same observed leverage but with a different target

ratio may bear a different risk exposure and be priced differently. By simply looking at

the relationship between observed leverage and returns, one disregards any possible role

of target leverage ratios. Intuitively, a leverage ratio of 50 percent may be adequate for a

large firm with plenty of tangible assets, while it may be excessive for a high growth firm.

1For a review of dynamic and static trade-off theories see Frank and Goyal [2008]. More specifically,
see Fischer et al. [1989], Leland [1994], Goldstein et al. [2001], Leary and Roberts [2005], Strebulaev
[2007].
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These two firms likely have different optimal ratios and risk profiles. One should account

for the role played by heterogeneous target ratios when examining the cross-section stock

returns. Ultimately, it may not be leverage per se that matters for equity returns, but

rather a measure of leverage which accounts for firm-level heterogeneity. In this paper we

refer to such measure as relative leverage.

A simple way to account for the heterogeneity in capital structure is to consider the

existence of a target leverage, as predicted by the trade off theory of capital structure,

according to which firms optimize their capital structure by balancing costs and benefits

of debt. We estimate target leverage with a partial-adjustment model originally developed

by Flannery and Rangan [2006], and later examined by Lemmon et al. [2008], Huang and

Ritter [2009], Faulkender et al. [2010], and Flannery and Oztekin [2012]. We carry out

the estimation both in sample and on a rolling basis, to deal with possible look-ahead

biases. We refer to the rolling estimation procedure as out-of-sample estimation. We

decompose observed leverage into target leverage and deviation from target. A firm has

positive relative leverage if above target, and negative otherwise. We then examine the

relationship between relative leverage and equity returns in the cross-section. Our main

objective is to test whether positive (negative) deviations from target are associated with

higher (lower) expected returns.

The main finding of the paper is that relative leverage is positively and strongly related

to expected equity returns across our entire investigation period (1965-2009), as well as

across several sub-periods (1965-1979, 1980-1994, and 1995-2009). Our results are robust

to a set of out-of-sample robustness checks that control for a possible look-ahead bias,

and to different estimation procedures of the target. They hold both for book and market

leverage ratios. Relative leverage is significant after controlling for the underlying leverage

measure, either market or book, and for target leverage. The relative leverage premium

appears to be larger than the premia associated with size and book-to-market.

The main contribution of this paper is empirical, as it uncovers potentially puzzling

new evidence on the determinants of equity returns. While a full structural explanation is

beyond the scope of this paper, our results offer two clear indications. First, to ascertain

the role of capital structure in the cross-section of expected equity return, it is necessary to

remove the heterogeneity caused by dynamic adjustment costs. Second, the methodology

that we employ to remove firm heterogeneity leads to a new measure of leverage that is

strongly related to expected returns in the cross-section.

It is possible to conceive more than one story that rationalizes the relative leverage

premium. In the construct of Zhang [2005], Gomes and Schmid [2010], and Ozdagli

[2012], the partial irreversibility of investments affects the relationship between leverage

and returns. Over-leveraged firms have less residual debt capacity than under-leveraged

firms, and are thus less flexible in adjusting capital investment. Inflexible firms have

higher risk, because it is harder for them to smooth their dividend streams in the face
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of an aggregate exogenous shock. It then follows that over-leveraged firms should earn

higher expected equity returns in the cross-section. For an alternative story, suppose that

firms find it costly to have a different leverage ratio than their target, and that target

leverage varies less than leverage over the business cycle.2 Then, over-leveraged firms move

further away from their target in a recession, because the value of their assets decreases

more than their debt level. For similar reasons, under-leveraged firms converge towards

target during a recession. Then, for a risk-averse investor, stocks of under-leveraged firms

are counter-cyclical, because they deliver a higher payoff in bad times, when consumption

is low and marginal utility of consumption is high. Symmetrically, over-leveraged firms

are pro-cyclical because they allow investors to consume more when consumption is high.

Our analysis begins by sorting stocks into quintiles by observed market leverage (mar-

ket debt ratio (MDR)) and relative leverage, and illustrate that there is no clear pattern

in average returns as one moves from low to high MDR. On the contrary, average re-

turns show a strong positive correlation with relative leverage within every quintile of

MDR (Figure 1). This indicates that the positive relationship between relative leverage

and average stock returns is observed for both over-leveraged and under-leveraged firms.

Moreover, the premium (discount) associated with relative leverage is fairly symmetric.

On average, a deviation of 10% between observed and target leverage corresponds to a

premium (discount) of about 0.4% per month for over- (under-) leveraged firms. Average

returns of firms on target are around 1.5% per month.

(Insert Figure 3.1 here)

We then follow the Fama and MacBeth [1973] (FMB) regression approach and examine

the time-series averages of the estimated coefficients of monthly cross-sectional regressions

of stock returns on size, book-to-market equity, momentum and relative leverage. We

find that relative leverage plays a dominant role in the cross-section of expected equity

returns. Relative leverage has an average coefficient of 3.509 in the period 1965-2009,

20.73 standard errors from zero. The explanatory power of (log) book-to-market equity

is weak if both (log) size and relative leverage are included in the same regression. The

positive relation between average returns and relative leverage is strong in all regressions

specifications and in all sub-periods, also after controlling for momentum. For robustness,

in the FMB regressions we employ relative leverage based on out-of-sample estimates of

target leverage. Our results remain strong in the out-of-sample estimation.

Next, we compare the explanatory power of relative leverage with that of observed

market leverage. For robustness, we also compute relative leverage and observed leverage

at book values. Our findings provide support to Gomes and Schmid [2010] and Obreja

[2010], in that neither MDR nor book leverage are important in the cross-section of

2Lemmon et al. [2008] find that estimated target debt ratios tend to vary slowly over time and that
there are strong firm specific effects.
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expected returns after controlling for size and book-to-market. On the contrary, relative

leverage at market and book value is strongly significant after controlling for observed

leverage (respectively at market and book value). Our results reconcile the conflicting

evidence on whether one should use book rather than market leverage as a determinant

of cross-sectional equity returns. We show that the explanatory power of relative leverage

is qualitatively unaffected by whether one computes leverage at either market or book

value.

Finally, we examine the implications of our results for factor asset pricing models.

Following the approach of Chan et al. [1998], itself based on Fama and French [1993], we

define a factor mimicking portfolio based on the relative leverage premium. We define

the OMU (over- minus under-leveraged) factor and run orthogonalizing regressions to

show that the explanatory power of OMU is not subsumed by the Fama and French’s

(FF) factors, RMRF, SMB, and HML. We compare the pricing ability of a multi-factor

model including RMRF, HML, and OMU with that of the FF three-factor model and

of the CAPM. We find that the model including OMU is able to correctly price more

assets than the FF model and CAPM, with lower average pricing errors. These results

suggest that (i) the relative leverage premium is not captured by the FF model, and (ii)

a factor model that includes a mimicking portfolio based on relative leverage is consistent

with the relative leverage premium being a compensation for risk rather than an arbitrage

opportunity.

Section 3.2 discusses the estimation of target leverage based on the partial-adjustment

model of Flannery and Rangan [2006]. Sections 3.3 and 3.4 present the empirical results of

our asset pricing tests. Section 4.7 summarizes and discusses our findings. The Appendix

describes the data and variables employed in our analysis, it provides details on the out-

of-sample estimation procedure and on the GMM asset pricing tests, and it reports a

number of robustness checks.

3.2 The decomposition of leverage

In this section we implement the leverage decomposition of Flannery and Rangan [2006]

(FR) which allows us to identify the firm-specific components of total leverage. Following

FR we measure leverage as the market debt ratio, defined as

MDRi,t =
Di,t

Di,t +MEi,t

(3.1)

where Di,t denotes the stock of interest-bearing debt of firm i in period t and MEi,t is the

stock market capitalization of firm i in period t. We then consider the partial-adjustment

model of FR, according to which firms (partially) adjust their leverage over time towards
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the desired level MDR∗
i,t+1 at a speed of adjustment λ:

MDRi,t+1 −MDRi,t = λ(MDR∗
i,t+1 −MDRi,t) + ϵi,t+1 (3.2)

with

MDR∗
i,t+1 = βXi,t (3.3)

MDR∗
i,t+1 is modeled as a linear function of a set of firm-specific characteristics Xi,t, and

varies both over time and across firms. Equations (3.2) and (3.3) lead to the following

estimable model:

MDRi,t+1 = (λβ)Xi,t + (1− λ)MDRi,t + ϵi,t+1 (3.4)

FR interpret MDR∗
i,t+1 as a proxy of a firm’s target leverage within the framework of the

trade-off theory of capital structure. Accordingly, the variables in Xi,t are firm-specific

characteristics that the literature on the trade-off theory has identified as relevant for

capital structure. The parameter λ can be interpreted as the percentage reduction in the

gap between actual and target leverage that occurred over one period.

Differently from other models previously employed in the literature (e.g. Hovakimian

et al. [2001]; Korajczyk and Levy [2003]), the specification suggested by FR is consis-

tent with the dynamic models of capital structure in presence of frictions. Common to

other specifications is the absence of lagged MDR in the estimation of (3.4). Excluding

lagged MDR amounts to assuming that a firm’s target leverage coincides with its ob-

served leverage.3 The high and significant loading of MDRi,t in the empirical estimate

of (3.4) is consistent with Leary and Roberts [2005] and Strebulaev [2007], according to

which the existence of frictions prevents firms from instantaneously adjusting towards

their desired capital structure. The empirical estimation of (3.4) leads to a decomposi-

tion of MDRi,t into a target-related component (λβ)Xi,t−1, an autoregressive component

(1− λ)MDRi,t−1, and a residual component ϵi,t.

3.2.1 Estimation of the partial adjustment model

Table 3.1 reports different specifications for Equation (3.4).4 FR and Lemmon et al. [2008]

underline the importance of including unobservable firm fixed effects in Xi,t. Columns 2

3If MDRi,t+1 is expected to equal MDR∗
i,t+1, then λ = 1 in the estimation of Equation (3.4), i.e.

firms immediately adjust their capital structure to the desired level. In this case, the partial-adjustment
model in (3.2) simplifies to

MDRi,t+1 =MDR∗
i,t+1 + ϵi,t+1

that is
E[MDRi,t+1] = E[MDR∗

i,t+1]

4See Appendix A for definitions of variables and a discussion of the data employed in this section.
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and 3 include these effects, and accordingly the regressions are estimated as a dynamic

panel data model.

(Insert Table 3.1 here)

Flannery and Hankins [2010] find that the technique that generates the most accurate

parameter estimates in Equation (3.4) is the system GMM of Blundell and Bond [1998].

Therefore, as in Lemmon et al. [2008], Lockhart [2010], and Faulkender et al. [2010], in

our “base” specification of column 3 we estimate the partial-adjustment model (3.4) using

Blundell and Bond system GMM.5

The results of our estimations are provided in Table 3.1 and are in line with previous

work. In particular, our estimate of the adjustment speed λ in column (3) is 23.8% which

is similar to that obtained by others. As expected, our estimate of the autoregressive term

1 − λ (0.762) lies in the interval between the pooled OLS estimate in column 1 (0.845),

which is expected to be biased upwards, and the fixed-effect estimate in column 2 (0.647),

which is expected to be biased downwards (Hsiao [2003]). While the estimated value of the

speed of adjustment λ depends significantly on the methodology employed, the estimation

of target leverage is much less sensitive to different estimation techniques. Simulation

results provided by Flannery and Hankins [2010] suggest that the econometric techniques

employed in the recent literature generally exhibit satisfactory finite-sample performance

(in terms of average bias) in estimating firm-specific target debt ratios MDR∗
i,t+1. In our

analysis of cross-section returns, we use the regression specification of column 3. However,

if the target is estimated as in Flannery and Rangan [2006] - our column 2 - results are

qualitatively unaffected.

For the purpose of Section 3.3, it is useful to define the leverage-related variables that

we employ in our asset pricing tests. These variables are: 1) relative leverage obtained

as the difference between observed and target leverage, 2) distance, which is the absolute

value of relative leverage, 3) over-leverage which is the maximum between relative leverage

and zero, and 4) under-leverage which is the negative of the minimum between relative

leverage and zero. Noting that ˆMDR∗
i,t denotes the estimated firm-specific target for firm

i in period t, obtained from the regression equation in column 3 of Table 3.1, we have:

Rel Levi,t ≡MDRi,t − ˆMDR∗
i,t (3.5)

Distancei,t ≡ ∥MDRi,t − ˆMDR∗
i,t∥ (3.6)

Overlevi,t ≡ max{Rel Levi,t, 0} (3.7)
Underlevi,t ≡ −min{Rel Levi,t, 0} (3.8)

5In the estimation of Equation (3.4) with the Blundell and Bond system GMM, we consider all right-
hand-side variables as predetermined with a lag length of one year. Only year dummies are regarded as
fully exogenous. The inclusion of further lags has no significant influence on results.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



73

3.3 Relative leverage and expected returns

Leverage and accounting variables that we use in our tests are matched to monthly return

series as in Fama and French [1992]. The matching procedure is described in Appendix

A. Table 3.2 displays a correlation matrix for the main variables of our analysis. In the

first column, MDR and relative leverage present a high average cross-sectional correlation

(0.425) but are far from identical, as can be seen from column two. In particular, over-

leverage has a higher correlation with MDR than under-leverage, which indicates that

relative leverage differs from MDR more for under-leveraged firms than for over-leveraged

ones. Furthermore, a correlation of 0.162 between MDR and distance indicates that firms

with high levels of observed leverage tend to deviate from their target debt ratios by

a greater amount (in absolute value). However, distance is correlated to over-leverage

and under-leverage with coefficients of 0.450 and 0.597 respectively: this suggests that

under-leveraged firms are on average more distant from target than over-leveraged firms.

In addition, the table shows that all our leverage-related variables are correlated to the

variables normally known to affect the cross-section of expected equity returns. Specifi-

cally, the natural logarithm of market capitalization is negatively related to the absolute

deviation from target leverage with a mean correlation of -0.121, while the natural loga-

rithm of book-to-market equity is positively related to relative leverage - with a correlation

of 0.138. Both these interactions are stronger for over-leverage, while under-leverage is

weakly correlated to log(size) and log(bm). Consistent with previous studies, observed

debt ratios are negatively correlated to log(size) and positively correlated to log(bm). Our

measure of momentum is correlated to relative leverage with a coefficient of 0.137, and

it also presents cross-sectional correlations coefficients of similar magnitude with over-

leverage (0.106) and under-leverage (-0.109).

(Insert Table 3.2 here)

Figure 3.2 illustrates how relative leverage interacts with firm size, which we compute

as in Fama and French [1992]. Along the horizontal axis we report deciles of relative

leverage, while along the vertical axis we have size. Both over-leveraged and under-

leveraged firms appear to be smaller. Hennessy and Whited [2007] find that firm’s size is

a well-suited proxy for high costs of external financing, in that costs of adjustment prevents

small firms to rebalance their capital structure as frequently as large firms. Therefore,

Figure 3.2 may be interpreted as evidence that smaller firms tend to be further away from

the desired level of leverage than larger firms due to the presence of adjustment costs.

(Insert Figure 3.2 here)

More generally, the sorts of Table 3.3 allow to examine separately the effects of ob-

served leverage and relative leverage on expected stock returns. Portfolios are formed
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each June by independently ranking stocks into five groups by market debt ratios and

relative leverage. The panels from top-left to bottom-right respectively report averages of

monthly time series of 1) returns, 2) MDR, 3) BE/ME, 4) number of firms, 5) log(size),

and 6) momentum.

Starting from the “Average Return” panel, we observe that no clear pattern exists in

average returns as firms move from low to high MDR (vertical shift). Low MDR stocks

are weakly associated with higher returns than high MDR stocks within the first three

quintiles of relative leverage (first three columns). However, this trend is inverted in the

last two columns. Moreover, these effects do not appear to be monotonic across quintiles

of MDR. This evidence suggests that sorting by MDR produces little variation in average

returns. On the contrary, average returns show a strong positive relation with relative

leverage within every quintile of MDR. Average percent monthly returns of stocks in

the lowest relative leverage quintile range from 0.56 and 0.96, while they are between

2.19 and 2.57 for stocks with the highest values of relative leverage. Moreover, average

returns appear to increase monotonically across relative leverage quintiles. This suggests

that relative leverage is positively related to stock returns for both over-leveraged and

under-leveraged firms. As a consequence, the direction of deviations from target capital

structure seems relevant in explaining expected returns.

The “MDR” panel indicates that MDR is roughly constant across relative leverage

quintiles. Therefore, with reference to the “average return” panel, the positive relationship

between returns and relative leverage is not due to higher MDR.

In the “log(size)” panel, we observe a U-shaped relationship between relative leverage

and size. This pattern is consistent with the presence of costs of external financing that

prevent small firms to rebalance their capital structure frequently. Hence, small firms are

expected to deviate from optimal capital structure more than large firms.

The “BE/ME” panel shows the well-known positive relationship between BE/ME and

MDR. However, there is no evident relationship between BE/ME and relative leverage

within any MDR quintile. Thus, the positive correlation between the book-to-market

ratio and relative leverage in Table 3.2 is likely the result of the positive correlation

between MDR and relative leverage.

Finally, the “Momentum” panel shows that profits due to momentum are higher for

firms with high relative leverage. This stresses the importance to account for the interac-

tion of the momentum variable with relative leverage.

(Insert Table 3.3 here)

Figure 3.3 depicts average monthly returns of stocks of firms sorted according to

relative leverage. Panel A refers to the full sample, while Panels B, C and D refer to

the subperiods 1965-1979, 1980-1994, and 1995-2009 respectively. The figure emphasizes

the magnitude of the relative leverage premium and shows a certain symmetry around
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the estimated target MDR ratios (vertical line). In all four panels, firms that are over-

leveraged by 7.5% to 12.5% consistently earn average returns of about 2% per month,

while firms that are under-leveraged by 7.5% to 12.5% earn average returns of about 1%

per month. Average returns of firms on target are around 1.5% per month.

(Insert Figure 3.3 here)

3.3.1 The relative leverage premium

Table 3.4 reports time-series averages of the estimated coefficients of monthly cross-

sectional regressions of stock returns on size, book-to-market equity, momentum and

relative leverage. As in Fama and French [1992] and George and Hwang [2010], we follow

the regression approach in Fama and MacBeth [1973] (FMB). We report FMB tests with

a Newey-West correction with lag-length of 2 to assess which regressors have a coeffi-

cient that is significantly different from zero. The FMB regressions in Table 3.4 take the

following form:

Ri,t = β0 + β1log(sizei,t−1) + β2log(bmi,t−1) + β3momi,t−1 + β4Rel Levi,t−1 + ϵi,t (3.9)

where Ri,t denotes realized returns, sizei,t−1 market capitalization, bmi,t−1 book-to-market

equity, momi,t−1 momentum, and Rel Levi,t−1 relative leverage.

The results of Table 3.4 highlight the dominant role played by relative leverage in the

cross-section of expected equity returns. In the regression of column 7 of Panel A, relative

leverage has an average slope of 3.509%, with a t-statistic of 20.73. In the same regression,

the natural logarithm of market capitalization has a slope of -0.221%, while the slope of

(log) book-to-market equity is not statistically different from zero. Comparing across

columns 6 and 7, we notice that the explanatory power of (log) book-to-market drops

significantly when both (log) size and relative leverage are included in the same regression.

The coefficient of book-to-market is significant when it is the only variable in the regression

(column 2), and when it interacts separately either with size (column 4) or relative leverage

(column 6). The positive relation between average returns and relative leverage persists

across all regressions specifications, also after including momentum (column 8). The

estimated slopes for relative leverage range from 3.509% to 4.003%, with Newey-West

t-statistics between 18.68 and 23.39.

(Insert Table 3.4 here)

In Table 3.11 of Appendix D, we report sub-period evidence on the estimation of

the FMB regressions. The coefficient of relative leverage premium is strong in each of

the three sub-periods 1965-1979, 1980-1994, and 1995-2009. In comparison with relative
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leverage, the explanatory power of size and book-to-market appears much less stable in

the sub-periods. Size has a strong effect on average returns in the 1995-2009 sub-period,

both in terms of estimated slope and significance, while its effect is weak in the sub-period

1965-1979. Book-to-market has a strong effect in the years 1980-1994, while its slope is

not statistically different from zero in the years 1965-1979 and 1995-2009.

To eliminate potential biases due to in-sample estimation of target leverage, we repli-

cate the results of Panel A of Table 3.4 using an out-of-sample estimation procedure.

Results are reported in Panel B of Table 3.4. We employ the years 1965-1987 as the

estimation period, and for each year between 1987 and 2009 we estimate Equation 3.4 on

a rolling basis. As the estimation of target leverage contains firm fixed effects, we ensure

that the estimation of these effects remains stable when Equation 3.4 is estimated on a

rolling basis.6 To ensure stability of fixed effects estimation, we impose conditions on

their convergence and exclude observations that do not satisfy these criteria.7 Additional

details on the rolling estimation procedure are provided in Appendix B.

The regressions in Panel B of Table 3.4 show that the significance of relative leverage

remains strong in the FMB regressions also for the out-of-sample estimation. In column

1, relative leverage is highly significant after controlling for (log) size and (log) book-

to-market, with a positive slope of 2.166, and a t-statistic of 8.779. This slope can be

interpreted as the average monthly return of a self-financing portfolio with unit relative

leverage, that hedges the effects of size and book-to-market in the period 1990-2009. In

the Fama and MacBeth [1973] approach, the standard error is computed as the standard

deviation of monthly returns on this portfolio, divided by the square root of the number of

months in the sample (234 in this case). Hence, a t-statistic of 8.779 can be approximately

translated into an annualized Sharpe ratio of 1.725, assuming an average monthly risk-

6Lemmon et al. [2008] highlight the importance of using fixed effects as proxies for in the estimation
of partial adjustment models. The inclusion of firm fixed-effects finds theoretical support in models
where investment and financing interact, such as Hennessy and Whited [2007], and Gomes and Schmid
[2010]. Specifically, firm-specific unobservable shocks generate heterogeneity in firm-level investment
opportunities that, in turn, determines optimal leverage decisions. In Table 3.14 of Appendix D, we
estimate the partial adjustment model including only the firm fixed effect as a determinant of target
leverage, and show that key results are qualitatively unchanged with this specification. This finding
further stresses the importance of allowing for firm-specific unobservable heterogeneity in the estimation
of target leverage.

7Firm fixed-effect estimates are likely to be noisier than for other variables because they are based
only on individual time series variations. With a rolling estimation procedure, fixed effects are computed
on the basis of one observation for the first year a firm appears in the panel, two observations for the
second year, three for the third, and so on. Due to the unbalanced nature of the panel, and to the shorter
time period required by the out-of-sample estimation, ensuring convergence in the estimation of fixed
effects becomes necessary. For this reason we impose convergence conditions. See Appendix B for further
details on the estimation procedure described here. Table 3.17 in Appendix D provides evidence that our
results are robust to several alternative convergence conditions. Table 3.18 in Appendix D shows that
our results are qualitatively unchanged if we consider a shorter estimation period, namely from 1965 to
1972.
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free rate of 30 basis points.8 The regression in column 2 shows that after controlling for

momentum, our results are qualitatively in line with those reported in Panel A.9

To provide a term of comparison between the out and in-sample estimates, in columns

3-6 we provide in-sample estimations based on the same period employed for the out-of-

sample estimates (1990-2009) of columns 1-2. In columns 3-4 we estimate relative leverage

with Blundell and Bond [1998] system GMM, while in columns 5-6 we employ the LSDV

approach. A comparison across columns shows that results are similar for both out and

in-sample estimates. In addition, the coefficients of columns 3-4 are similar to those in

columns 5-6. This suggests that using the LSDV estimator instead of Blundell and Bond

[1998] system GMM has no serious impact on our findings, consistent with the evidence

in Flannery and Hankins [2010].

In-sample estimation is convenient for two reasons: 1) it allows asset pricing tests over

the whole period 1965-2009 and the collection of useful sub-period evidence; 2) due to the

asymptotic properties of fixed-effect estimators, longer time-series help mitigate the finite-

sample bias in the estimation of firm fixed-effects. The cost of using in-sample estimation

is that Fama-MacBeth coefficients do not correspond to directly implementable trading

strategies. Nonetheless, our out-of-sample test bring out that there exists a convergence

condition such that investors can actually implement these strategies, and our results are

not driven by look-ahead bias.

As relative leverage is the result of a previous estimation, our FMB regressions may

suffer from an errors-in-variables bias.10 The errors-in-variables problem may bias the

estimated coefficients towards zero (Greene [2008]). Therefore, insofar as our estimate

of relative leverage contains errors, the FMB regressions of Table 3.4 generate more con-

servative estimates than in the absence of errors.11 This suggests that there is a relative

leverage premium despite of a potential errors-in-variables bias.12

In sum, the FMB regressions provide support to a relative leverage premium, and

indicate that relative leverage plays an important role in explaining the cross-section

of expected equity returns, also after controlling for size, book-to-market equity, and

momentum.

8We estimate the monthly risk-free rate using data from Kenneth French’s website for the period from
July 1990 to December 2009.

9To evaluate the economic relevance of the results of a FMB regression, one has to account for the
length of the sample period. The procedure to compute the implied Sharpe ratio from a FMB regression
is such that the magnitude of the t-statistics depends on the number of periods employed. Therefore, one
should expect the t-statistics in Panel B to be lower than in Panel A even if relative leverage is estimated
in-sample, as in this case.

10This kind of problem exists also for the CAPM beta in Fama and French [1992], and for the distress
measures in George and Hwang [2010].

11However, this may not be the case if multiple variables in the regression are measured with error.
12For a broader discussion of the errors-in-variables bias see Kim [2010] and Carmichael and Coen

[2008].
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3.3.2 Symmetry of the relative leverage premium

The regressions in Table 3.5 investigate the relative importance that the following four

measures of leverage have in explaining equity returns: relative leverage, distance, over-

leverage, and under-leverage. Panel A covers the entire sample from 1965 to 2009. The

slope of distance is significant when relative leverage is not included (column 3), with a

slope of -0.709 and a t-statistic of -2.278. However, confirming our informal tests, the

regression in column 6 of panel A shows that when distance and relative leverage are

included in the same regression, the slope of distance is not statistically different from

zero, with a t-statistic of 0.07. Columns 4 and 5 of panel A confirm that the relative

leverage premium is not driven separately by either under-leveraged or over-leveraged

firms. Over- and under-leverage are statistically insignificant when they are included in

the same regression with relative leverage.13

Columns 1 and 2 of Panel B replicate columns 2 and 6 of Panel A, using out-of-sample

estimation. Both over- and under-leverage matter when target leverage is estimated out-

of-sample. Over- and under-leverage are both statistically significant in the regression

in column 1, with slopes of 2.416 (t-statistic = 4.496) and -1.668 (t-statistic = -3.859)

respectively. When relative leverage and distance are included in the same regression

(column 2), distance is not statistically significant, with an estimated coefficient of 0.374

and a t-statistic of 0.914. As in Table 3.4, the results of the out-of-sample estimation are

in line with those of the in-sample estimation on the same period, both using Blundell

and Bond [1998] system GMM (columns 3-4) and the LSDV approach (columns 5-6).

Returning to Panel A of Table 3.5, the regression in column 2 shows that over- and

under-leverage have slopes of similar magnitude (3.496 and -3.450 respectively), but op-

posite sign. This suggests that their difference, i.e. relative leverage, is what matters in

explaining returns, which is consistent with the results of columns 4 and 5. We perform

a Wald test of the linear restriction that the slope of over-leverage is equal, in absolute

value, to the slope of under-leverage. The test does not reject the null hypothesis that

the restriction holds with an F-stat of 0.02 and a p-value of 0.897.14

The symmetry of the relative leverage premium may be generated mechanically by

the fact that MDR is a function of returns, because leverage decreases when the market

value of equity increases.15 The relationship between size and relative leverage is not

straightforward as for other variables measured as ratios, like market capitalization and

13In Table 3.12 of Appendix D we provide sub-period evidence, and show that the marginal effect of
relative leverage dominates both distance, over-leverage and under-leverage in each sub-period

14Sub-period evidence in Table 3.12 of Appendix D confirms that the over- and under-leverage have
statistically equal slopes (in absolute values). In particular, Wald tests cannot reject this restriction
with p-values of 0.1664 in the sub-period 1965-1979 (column 2 of panel A), of 0.1914 in the sub-period
1980-1994 (column 2 of panel B), and of 0.8018 in the sub-period 1995-2009 (column 2 of panel C).

15The evidence in Berk [1995] hints that the mechanical relationship may affect all size-related anoma-
lies.
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book-to-market equity. However, if target leverage estimates are not systematically af-

fected by stock price changes, for a higher (respectively, lower) stock price the market debt

ratio is lower (higher), and relative leverage is lower (higher). Since expected returns are

by construction inversely related to stock prices, a perfectly symmetric relative leverage

premium may naturally reflect such a mechanical effect for both over- and under-leveraged

firms.

There are three reasons why we believe that our results are not driven by a mechanical

relationship between MDR and prices. First, MDR is computed using data from fiscal

year end t − 1, and then matched to returns from July of year t to June on year t + 1.

Hence, the stock price component of MDR is unlikely to drive the relationship between

relative leverage and returns, because there is a minimum gap of six months between the

accounting data used to compute MDR and returns. Second, as we show in the next

section, the relationship between relative leverage and returns holds also if leverage is

measured at book values. In that case, the stock price is not included in the calculation

of the value of equity and leverage. Third, if a purely mechanical relationship drives our

results, a higher degree of symmetry should be observed when target leverage is estimated

using only firm fixed effects. In such a case, the assumption that target leverage estimates

are not also influenced by stock prices is more likely to hold. In fact, no other determinants

of target leverage that are likely to be affected by movements in stock prices, such as the

market-to-book value of assets, are included in the partial adjustment model. On the

contrary, the absolute values of the coefficients for under- and over-leverage are closer in

Panel A of Table 3.5 (3.496 and 3.450 in column 2) than in Table 3.14 (2.835 and 3.304

in column 3).

In sum, our results indicate that there is a linear relationship between expected stock

returns and relative leverage. As Figure 3.3 suggests, the premium associated with over-

leverage is comparable to the discount associated with under-leverage.

(Insert Table 3.5 here)

3.3.3 Relative vs. observed leverage

As discussed in the introduction, the empirical evidence about leverage in the cross-section

of expected equity returns is mixed. It is not clear yet whether (observed) leverage is an

important variable in explaining expected equity returns. In this section, we explore

this issue and compare the explanatory power of observed leverage with that of relative

leverage. The aim of this section is to show that relative leverage, rather than observed

leverage, is the relevant variable to account for in the cross-section of average stock returns.

To this end we include observed leverage and relative leverage in the same regression and

test the significance of the two coefficients.
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A potential source of disagreement among the studies that examine the role of leverage

in the cross-section of expected stock returns is whether one should consider market

or book leverage. As discussed in Flannery and Rangan [2006], the corporate finance

literature largely focuses on market debt ratios. However, in the interest of completeness,

we run the comparison between relative and observed leverage both in book and market

value terms. We then have two pairs of variables: observed leverage at book and market

values, and relative leverage at book and market values. This requires us to introduce

two new variables: book leverage (BDR) which is computed as the book value of debt

(DLTT+DLC) divided by the sum of itself plus the book value of equity - measured as

in Fama and French [1993]. The second variable is Rel Lev(book) which denotes relative

leverage with respect to BDR. In the construction of Rel Lev(book) we follow the same

steps employed for the FR decomposition of relative leverage at market values, discussed

in Appendix A.

Our results are presented in Table 3.6.16 The comparison between relative and ob-

served leverage is carried out in columns 3 and 6, respectively for market and book values.

Notice that observed leverage can be decomposed as the sum of relative leverage plus tar-

get leverage. Therefore, we can equivalently interpret the regressions in columns 3 and 6 as

tests on the significance of target leverage for explaining equity returns, after controlling

for relative leverage.

Columns 1 and 2 of panel A respectively estimate the slope of market leverage in a

univariate regression and with size and book-to-market equity as control variables. Con-

sistent with Gomes and Schmid [2010] and Obreja [2010], expected returns are positively

and significantly related to MDR in a univariate setting (with a slope of 0.987 and a t-

statistic of 3.296), but they are insignificant after controlling for size and book-to-market.

The regressions for book leverage in columns 4 and 5 are also in line with the predictions

of Gomes and Schmid [2010] and Obreja [2010]. In particular, reading from column 4, the

explanatory power of book leverage is lower than that of market leverage, with an esti-

mated slope of 0.332, 1.833 standard errors from zero. Also, book leverage is insignificant

at the multivariate level, after controlling for market capitalization and book-to-market

equity.

Regressions in columns 3 and 6 show that when relative and observed leverage are

included in the same regression, relative leverage is clearly more important than observed

leverage for explaining expected stock returns, both in economic and statistical terms.

Regardless of whether market or book leverage is employed, relative leverage is highly

significant with estimated slopes of 3.992% (with t-statistic 21.32) for market values, and

1.542% (with t-statistic 12.17) for book values.

Observed leverage, both at market and book values, remains significant after account-

16In Table 3.13 of Appendix D we provide the corresponding sub-period evidence.
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ing for relative leverage. More precisely, in column 3 MDR is still significant, with a

negative slope of -1.000 and a t-statistic of -3.725. The residual explanatory power is

much lower for book-valued variables (column 6): the estimated slope of BDR is -0.386,

with a t-statistic of -1.775. We look at Panels A, B, and C of Table 3.13 in Appendix

D to examine the evidence for the various sub-periods, and find that the significance of

observed leverage is concentrated only in the 1980-1994 sub-period. On the contrary,

observed leverage is not statistically significant at the 5% level neither in the years 1965-

1979, nor in the years 1995-2009. Furthermore, in the years 1980-1994, the significance

level of observed leverage is much lower than that of relative leverage. Considering the

instability of the significance of observed leverage across different estimation periods, we

conclude that idiosyncratic residual effects drive the results on observed leverage. Our

out-of-sample findings in Panel B are consistent with this interpretation. As columns 1

and 2 show, MDR and BDR are no longer statistically significant after controlling for

relative leverage. In column 1, the slope for MDR is -0.507, with a t-statistic of -0.507.

In column 2, the slope for book leverage is -0.079, with a t-statistic of -0.221. Because we

impose a convergence condition in our out-of-sample analysis, the results in columns 1-2

refer to firms for which target leverage estimates are less noisy.

(Insert Table 3.6 here)

3.4 Implications for factor pricing models

In this section we investigate the implications of the above results for the pricing of assets.

We want to ascertain if the introduction of a new factor based on relative leverage can

improve the pricing performance of existing factor models. We take the Fama and French

(FF) three factor model as a benchmark. We compare its pricing performance to that

of a multi-factor model that contains a factor-mimicking portfolio based on the relative

leverage premium. If we find that the mimicking portfolio helps in pricing assets, we

interpret the result as consistent with a rational relative leverage premium coherent with

no-arbitrage in the stock market, in the spirit of the Arbitrage Pricing Theory (APT) of

Ross [1976].

As the evidence in Fama and French [2008] suggests, many anomalies do not require the

introduction of new factors, but can be explained by the three factor model. In addition,

even if the three factor model does not succeed in explaining the relative leverage premium,

it is not straightforward whether a new multi-factor model can explain the spread in

average returns associated with relative leverage. If not, the relative leverage premium

represents a pricing anomaly that may be exploited by investors.
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3.4.1 Factor-mimicking portfolios

To define a factor mimicking portfolio for relative leverage, we base our approach on Chan

et al. [1998], itself inspired by Fama and French [1993]. We rank firms with respect to

relative leverage at the end of June of each year t, and assign them to portfolios from

July of year t to June of year t + 1. Stocks are assigned to portfolios on the basis of

the distribution of relative leverages of NYSE firms only. We define the OMU (over-

minus under-leveraged) factor as the difference between the average monthly return of

stocks with relative leverage above the 80th percentile for NYSE firms, minus the average

monthly return of stocks with relative leverage below the 20th percentile for NYSE firms.

In order to test the hypothesis that OMU is useful to price other assets, we choose 27

portfolios independently sorted on size, book-to-market equity, and relative leverage as

test assets. In this way we can test whether the FF model explains average returns on a

set of diversified assets that exhibit dispersion against size, book-to-market, and relative

leverage. Individual stocks are re-assigned to equally-weighted portfolios every June on

the basis of NYSE breakpoints for the three variables. They are grouped in terciles of

size, book-to-market, and relative leverage.

To dispel the possibility that our results are driven by the specific test assets that we

have chosen, we carry out additional tests. We select further sets of 25 portfolios following

two-way independent sorts in quintiles. More precisely, two-way sorts are based on the

following pairs of variables: size and book-to-market; size and relative leverage; book-

to-market and relative leverage; momentum and size; momentum and book-to-market;

momentum and relative leverage. The breakpoints and returns of these portfolios are

determined with the same procedure described above.

3.4.2 Orthogonalizing regressions and factor model identifica-

tion

In this section we test whether the FF factors, RMRF, SMB, HML, and OMU provide

the same information for pricing assets. In particular, we want to assess whether OMU

is redundant because it is proxied by the other factors.

The “orthogonalizing” regressions in Table 3.7 suggest that the explanatory power of

OMU is not subsumed by RMRF, SMB, and HML. The regression of OMU on RMRF,

SMB and HML in column 1 reports a statistically significant intercept which means that

OMU cannot be replaced by a linear combination of the FF factors. This implies that,

ex-ante, RMRF, SMB, and HML do not encompass OMU in the explanation of returns.

Column 3 and 4 report similar results for the HML factor and the market factor RMRF

respectively. Neither of these two factors can be regarded as redundant due to a significant

intercept. On the contrary, as shown in column 2, when SMB is regressed on the other
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factors, the intercept is not statistically different from zero. This suggests that the pricing

ability of SMB is proxied by the joint effects of RMRF, HML, and OMU17.

(Insert Table 3.7 here)

3.4.3 Horse race

From our discussion in the previous section we can use a parsimonious model that includes

only RMRF, OMU, and HML, and excludes SMB. We then compare the pricing perfor-

mance of this model with the FF model. For completeness, we also report the results for

CAPM. Our results are displayed in Table 3.8.

Using the 27 portfolios sorted on size, book-to-market equity, and relative leverage as

test assets, the table shows that the model including RMRF, HML and OMU dominates

the FF model and CAPM. Panel A provides descriptive statistics for the raw monthly

returns of the 27 portfolios in the 1965-2009 period, showing the spreads in mean returns

associated with size, book-to-market equity, and relative leverage. Panels B, C and D

report the estimated pricing errors ai and t-statistics t(ai) for the hypothesis that ai = 0.

These figures are based on the joint GMM estimation of the time series regressions of

portfolio excess returns respectively on the factors of the FF model, of CAPM and of the

model that contains RMRF, HML and OMU. T-tests are based on Newey-West standard

errors with a lag length of 4. Panels B, C, and D also report, for each model, the average

absolute pricing error, the mean-squared pricing error, the number of pricing errors out of

27 that are significantly different from zero at the 1% significance level, and the Gibbons

et al. [1989] (GRS) test statistics.

To account for heteroskedasticity and error autocorrelation in the time-series regres-

sions, we also implement Wald-type tests for the joint distribution of pricing errors in the

GMM estimation. As can be expected, the results of Wald-type tests are qualitatively

similar to those of GRS tests, and they are reported in Table 3.15 in Appendix D. Finally,

since both GRS and Wald-type tests are known to over-reject the null hypothesis in finite

samples, we estimate each model in stochastic discount factor form by efficient iterated

GMM as in Cochrane [1996]. We report Hansen’s J test statistics for a chi-square test

17Consider the FF’s model augmented with the OMU factor, that is:

E[Ri,t − rft ] = ai + biE[RMRFt] + siE[SMBt] + hiE[HMLt] + oiE[OMUt]

If the orthogonalizing regression of SMB on RMRF, HML and OMU yields to an estimated intercept
indistinguishable from zero, we have

E[SMBt] = βE[RMRFt] + γE[HMLt] + δ[OMUt]

that is
E[Ri,t − rft ] = ai + (bi + β)E[RMRFt] + (hi + γ)E[HMLt] + (oi + δ)E[OMUt]
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of over-identifying restriction and its p-value. As Cochrane [1996] discusses, the test of

over-identifying restrictions is based on the null hypothesis that the model is not rejected

by the data. Accordingly, low p-values should be interpreted as evidence that the model

fails in pricing the test assets. We provide additional details on the implementation of

our GMM tests in Appendix C.

Panel B shows that the estimated intercepts for the FF model are generally high

and statistically different from zero, with very high t-statistics. The FF model fails in

pricing 17 out of 27 test assets at the 1% significance level, with monthly mean absolute

and squared intercepts of 0.437 and 0.287 respectively. In particular, the FF model does

not capture the spread in returns associated with relative leverage. This can be seen by

the resulting trend in the pricing errors. Panel C shows that CAPM fails in pricing 18

out of 27 portfolios at the 1% significance level, with an average absolute pricing error

0.564% per month. The mean squared pricing error is even higher than that of the FF

model. Panel D tests the pricing performance of the model that contains RMRF, HML,

and OMU. This model provides the best description of variation in expected returns for

the 27 portfolios. Only 2 intercepts out of 27 are statistically distinguishable from zero

at the 1% significance level. The pricing error is also lower than that of the FF model

and CAPM. For RMRF, our results offer support to the explanation of Fama and French

[1993] that the market factor helps explain why average stock returns are higher than the

risk-free rate. While (unreported) factor loadings for HML and OMU vary across the test

assets and explain variations in expected returns, estimated factor loadings for RMRF

are close to one for all portfolios. Finally, GRS test statistics and J test statistics are

extremely high for both the FF model and the CAPM. Therefore, both of them fail to

price the test assets. On the contrary, the test of over-identifying restrictions (J=21.46,

p-value=0.55) fails to reject the model with RMRF, HML, and OMU. In Appendix D,

Table 3.16, we also consider the pricing performance of a four-factor model including

RMRF, SMB, HML and momentum. The results are qualitatively the same.

(Insert Table 3.8 here)

In Table 3.9 we compare the pricing performance of the three factor models on the

remaining test assets. For convenience, we only report the average absolute pricing error,

the mean squared pricing error, the GRS test statistic, the number of intercepts that

are statistically different from zero at the 1% confidence level, the J test-statistics, and

its p-value. Consistent with the results of Table 3.8, both the FF model and CAPM

are unable to explain spreads in average returns when portfolios are sorted on relative

leverage. More precisely, FF and CAPM report statistically significant intercepts for

almost all portfolios sorted on relative leverage, market capitalization, book-to-market

and momentum. The pricing errors are also high, with high values of the GRS and J

statistics. On the contrary, the model with RMRF, HML and OMU reports statistically
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significant pricing errors only for 2 out of 25 portfolios sorted by size and relative leverage.

None of the intercepts is significant for both the book-to-market/relative leverage and the

momentum/relative leverage sorting. Average absolute and squared pricing errors, as well

as GRS statistics and J statistics, are much lower than those of the FF model and CAPM.

In addition, for all three sets of test assets, the test for over-identifying restrictions fails

to reject the model with sizeable p-values. In summary, on these three sets of assets,

the multi-factor model with RMRF, HML, and OMU in the one that provides the best

description of expected returns.

The pricing performance of the model with RMRF, HML, and OMU does not appear

to be limited to the test assets that include relative leverage as a sorting variable. It

performs well also on the 25 portfolios sorted on size and book-to-market, on size and

momentum, and on book-to-market and momentum. Average absolute pricing errors

never exceed 0.3% per month, and the model rarely produces statistically significant

intercepts at the 1% level. The pricing performance of both CAPM and FF improves

only if relative leverage is not used to identify assets. However, even under this condition,

CAPM originates significant pricing errors for individual assets (14 for the size/book-

to-market sorts, 10 for the size/momentum sorts, 20 for the book-to-market/momentum

sorts), and generates high mean absolute and squared pricing errors. The FF model

provides a good description of average returns for portfolios formed on size and book-to-

market, and on size and momentum. On these two sets of assets, its mean absolute and

squared pricing errors are slightly lower than those of the model including RMRF, HML

and OMU. Finally, on the 25 portfolios sorted by book-to-market and momentum, the

FF model reports significant pricing errors in 18 cases, even though the average absolute

and squared pricing errors are not as high as for the sorting based on relative leverage.

In sum, the results of this section indicate that a factor based on relative leverage

helps price expected returns across assets. In the APT framework, our findings are con-

sistent with a rational relative leverage premium, that is with the existence of a source of

systematic risk that should be considered to price assets under no arbitrage in the stock

market.

(Insert Table 3.9 here)

3.5 Discussion and conclusions

Leary and Roberts [2005] and Strebulaev [2007] show that in the presence of frictions

firms cannot always reach the desired level of leverage. This implies that firms may

be temporarily over- or under-leveraged, as their leverage is above or below the desired

target. In this paper we start by estimating relative leverage as the difference between

observed and target leverage, individually for each firm. This allows us to remove part of
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the heterogeneity in the cross-section of leverage in a way that accounts for firm specific

characteristics. We then employ relative leverage as a variable to explain expected equity

returns.

We find that expected equity returns are increasing in relative leverage. The relation

is significant over all sub-periods after controlling for size, book-to-market, momentum,

and observed leverage. On the contrary, observed leverage does not appear to play a

relevant role in explaining equity returns. Our empirical evidence helps clarify the rela-

tionship between expected returns and leverage. The significance of relative leverage as

an explanatory variable for equity returns is robust to out-of-sample estimates of target

leverage.

We envisage three possible explanations for our results. First, our findings may be

sample specific. However, considering the stability of our results across various sub-

periods, it seems unlikely that the relative leverage premium is confined to any specific

sample. Second, our findings may due to mis-pricing. However, our tests in Section 3.4

suggest that the relative leverage premium is consistent with a linear multi-factor model

in the absence of arbitrage (Ross [1976]). Third, the relative leverage premium arises

in a framework of rational asset pricing. In this interpretation over-leveraged (under-

leveraged) firms should be riskier (safer) for investors.

While our contribution is essentially empirical, the third scenario poses an interesting

challenge for future theoretical research. Our findings suggest the need for a structural

model to rationalize the relative leverage premium and its asset pricing implications. As

a starting point, we propose two possible stories for the relative leverage premium.

The first one hinges upon the investment inflexibility mechanism proposed, amongst

others, by Zhang [2005], Livdan et al. [2009], Li et al. [2009], Gomes and Schmid [2010],

Obreja [2010], and Ozdagli [2012] in an investment-based asset pricing framework. Over-

leveraged firms are less flexible than under-leveraged firms in adjusting capital invest-

ment and smoothing dividends, and therefore are expected to earn higher equity returns

in equilibrium. We speculate that inflexibility is generated by two frictions: collateral

constraints and investment adjustment costs. Collateral constraints impose an upper

bound on a firm’s leverage ratio. And, when binding, they either reduce a firm’s ability

to exploit future investment opportunities, or require costly equity issues. Investment

adjustment costs prevent firms from adjusting instantaneously to their desired leverage

ratio. Adjustment costs generate path dependence in investment and financing decisions,

and temporary deviations from the firm’s optimal leverage ratio. Target leverage is the

optimal leverage ratio that firms have in the absence of adjustment costs, in line with

the investment literature (e.g. Caballero and Engel [1999]). As the difference between

realized and target leverage, relative leverage captures the degree of a firm’s inflexibility.

Another possible story stems from the trade-off theory of capital structure, according

to which there is a cost of not being at the optimum leverage ratio. Suppose that in a
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recession a firm’s assets A decrease in value more than its outstanding amount of debt

D. For example, the drop in value of the assets can be due to lower expected future

cash flows. Ceteris paribus, a firm’s leverage D/A increases because of the systematic

shock that affects A. As a result, in a recession over-leveraged firms tend to move further

away from their desired target leverage, and experience higher costs and lower cash flows,

due to their (sub-optimal) capital structure. The returns of over-leveraged firms are then

pro-cyclical because they are lower in a recession than in a boom. The opposite holds

for an under-leveraged firm. Accordingly, risk-averse investors expect higher returns from

over-leveraged firms than from under-leveraged ones.18

Finally, we suggest another possible avenue for future research. We conjecture that

long-run equity returns may be primarily related to target leverage19, while short-term

returns relate more to relative leverage. Intuitively, long-run returns reflect business risk

more than temporary deviations from target leverage. Furthermore, in the long-run ad-

justment costs matter less, and firms are closer to their target. Therefore, target leverage

reflects asset beta and determines long-run returns, while relative leverage relates to short-

run returns where adjustment costs matter the most.20

18It is worth noting that the above interpretation relies on the assumption that firms have a target
leverage, but it does not require firms to exhibit a targeting behavior. Therefore, it is not inconsistent
with Chang and Dasgupta [2009] and Iliev and Welch [2010].

19See DeAngelo et al. [2011] for a definition of target leverage as a long-run objective.
20We thank Arthur Korteweg for suggesting this idea.
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Figure 3.1. Average Return for 25 Portfolios Sorted by Relative Leverage and Observed
Leverage.

Using monthly data from July 1965 to December 2009, stocks are sorted independently every June
in quintiles based on their values of MDR (Obs Lev), and relative leverage (Rel Lev). Time-series
averages of monthly cross-sectional returns are reported. Portfolios are formed by matching MDR
and relative leverage to monthly returns as in Fama and French (1992).
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Figure 3.2. Market Capitalization and Deviations from Target Debt Ratio

Using monthly data from July 1965 to December 2009, stocks are sorted every June in deciles
based on their values of relative leverage. OL (over-leveraged) denotes the top decile, and UL
(under-leveraged) denotes the bottom decile. Time-series averages of market capitalizations are
reported. Portfolios are formed by matching relative leverage to monthly stock prices as in Fama
and French (1992).

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



90

Figure 3.3. Average Returns for 9 Portfolios Sorted by Relative Leverage

Using monthly data from July 1965 to December 2009, stocks are sorted every June in nine port-
folios on the basis of the equally-spaced breakpoints of relative leverage reported on the horizontal
axis. The vertical blue line indicates target leverage. Time-series averages of monthly cross-
sectional returns are reported. Panel A refers to the period between July 1965 and December
2009, Panel B to the sub-period between July 1965 and December 1979, Panel C to the sub-period
between January 1980 and December 1994, and Panel D to the sub-period between January 1995
and December 2009. Portfolios are formed by matching relative leverage to monthly returns as in
Fama and French (1992).
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Figure 3.4. Average Returns for 9 Portfolios Sorted by Out-of-Sample Relative Leverage
(1990-2009)

Using monthly data from July 1990 to December 2009, stocks are sorted every June in nine port-
folios on the basis of the equally-spaced breakpoints of relative leverage reported on the horizontal
axis. Relative leverage is estimated out-of-sample, as described in Appendix B. The vertical blue
line indicates target leverage. Time-series averages of monthly cross-sectional returns are reported.
Portfolios are formed by matching MDR and relative leverage to monthly returns as in Fama and
French (1992).
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Table 3.1. Panel Regressions Estimating Target Leverage.
Columns (1),(2),(3) report estimates for the model:
MDRi,t+1 = (λβ)Xi,t + (1− λ)MDRi,t + ϵi,t+1

Column (1) reports pooled OLS estimates; Column (2) reports estimates with the Least Squares
Dummy Variable (LSDV) model as in Flannery and Rangan [2006]; and column (3) reports Blun-
dell and Bond’s system GMM estimates (our “base” specification). The dependent variable in all
regressions is the market debt ratio (MDR). λ represents adjustment speed. EBIT TA is profitabil-
ity, MB is the book-to-market value of assets, DEP TA is depreciation over total assets, lnTA is
the logarithm of total assets, FA TA is the fixed-to-total assets ratio, R&D TA is the ratio between
R&D expenses and total assets, R&D DUM is a dummy equal to one for firms with missing values
for R&D expenses, and Ind Median is the median industry MDR calculated for each year for two-
digit SIC code industries. Variables that are not expressed as ratios are deflated by the consumer
price index in 1983 dollars. All variables are winsorized at the 1% level, and all right-hand side
variables are lagged by one year. The sample is the same described in Table 3.10 of Appendix A.

(1) (2) (3)
OLS LSDV BB

VARIABLES (“base”)

λ 0.155** 0.353** 0.238**
(450.1) (244.3) (94.28)

EBIT TA -0.259** -0.207** -0.240**
(-14.61) (-19.14) (-5.844)

MB -0.0111** -0.0026** -0.0089**
(-6.473) (-2.677) (-3.496)

DEP TA -1.419** -0.799** -2.181**
(-15.92) (-13.44) (-9.545)

LnTA 0.0164** 0.0646** 0.0295**
(12.41) (36.28) (5.569)

FA TA(-1) 0.206** 0.160** 0.279**
(15.32) (12.94) (5.971)

R&D DUM 0.0566** 0.0035 0.1168**
(10.41) (0.737) (6.262)

R&D TA -0.501** -0.116** -0.344**
(-11.77) (-3.781) (-4.299)

Ind Median 0.178** 0.018 -0.022
(7.949) (0.995) (-0.408)

Constant -0.247** -1.020** -0.403**
(-5.452) (-28.46) (-3.876)

Adjusted R-squared 0.779 0.466 -
Firm FE No Yes Yes
Year FE Yes Yes Yes

t-statistics in parentheses
** p<0.01, * p<0.05
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Table 3.5. Relative Leverage, Over-Leverage, Under-Leverage and Distance.
In Panel A, each month between July 1965 to December 2009, we estimate cross-sectional
regressions of stock returns on size, book-to-market ratio, relative leverage, distance, over-
leverage and under-leverage. In Panel B, in the regressions in columns 1-3, relative leverage,
under-leverage, and over-leverage are estimated out-of-sample, as described in Appendix
B. In the regressions in columns 4-6 they are estimated in-sample on the period July
1990-December 2009 using Blundell and Bond [1998] system GMM, as described in Sec-
tion 3.2. In the regressions in columns 7-9, they are estimated in-sample on the period
July 1990-December 2009 using the Least Squares Dummy Variable (LSDV) estimator,
with the specification in column 2 of table 3.1. The independent variables are matched
to monthly returns in line with Fama and French (1992). The sample includes a to-
tal of 1,084,367 and 446,933 firm-month observations for Panel A and Panel B respec-
tively. We report Fama-MacBeth coefficient estimates and t-statistics based on Newey-
West standard errors with a lag length of 2. Distance, Overlev and Underlev are defined as:

Distancei,t = abs{Rel Levi,t, 0}
Overlevi,t = max{Rel Levi,t, 0}
Underlevi,t = −min{Rel Levi,t, 0}

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel A: 1965-2009 (534 months)
Log(size) -0.221 -0.222 -0.234 -0.222 -0.222 -0.222

(-4.644) (-4.700) (-4.905) (-4.700) (-4.700) (-4.700)
Log(bm) 0.0960 0.0962 0.153 0.0962 0.0962 0.0962

(1.228) (1.230) (1.915) (1.230) (1.230) (1.230)
Overlev 3.496 0.0457

(7.690) (0.0716)
Underlev -3.450 0.0457

(-11.01) (0.0716)
Rel Lev 3.509 3.450 3.496 3.473

(20.73) (11.01) (7.690) (15.44)
Distance -0.709 0.0229

(-2.278) (0.0716)
Constant 1.270 1.270 1.304 1.270 1.270 1.270

(5.141) (5.358) (5.478) (5.358) (5.358) (5.358)
t-statistics in parentheses
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(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel B: 1990-2009 (234 months)
Out-of-sample Est. BB Est. LSDV Est.

log(size) -0.236 -0.236 -0.249 -0.249 -0.236 -0.236
(-3.699) (-3.699) (-3.890) (-3.890) (-3.674) (-3.674)

log(bm) 0.0690 0.0690 0.0498 0.0498 0.0396 0.0396
(0.621) (0.621) (0.446) (0.446) (0.358) (0.358)

Overlev 2.416 3.492 3.659
(4.496) (5.045) (5.257)

Underlev -1.668 -3.020 -3.654
(-3.859) (-5.285) (-5.937)

Rel Lev 2.042 3.256 3.657
(7.701) (9.611) (10.74)

Distance 0.374 0.236 0.002
(0.914) (0.440) (0.004)

Constant 1.292 1.292 1.326 1.326 1.347 1.347
(4.011) (4.011) (4.147) (4.147) (4.241) (4.241)

t-statistics in parentheses
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Table 3.6. Relative Leverage, Market Leverage, Book Leverage.
In Panel A, each month between July 1965 to December 2009, we estimate cross-sectional
regressions of stock returns on size, book-to-market ratio, relative leverage, market lever-
age, and book leverage. In Panel B, in the regressions in columns 1-3, relative leverage,
under-leverage, and over-leverage are estimated out-of-sample, as described in Appendix
B. In the regressions in columns 4-6 they are estimated in-sample on the period July 1990-
December 2009 using Blundell and Bond [1998] system GMM, as described in Section 3.2.
In the regressions in columns 7-9, they are estimated in-sample on the period July 1990-
December 2009 using the Least Squares Dummy Variable (LSDV) estimator, with the
specification in column 2 of table 3.1. The independent variables are matched to monthly
returns in line with Fama and French (1992). The sample includes a total of 1,084,367
and 446,933 firm-month observations for Panel A and Panel B respectively. We report
Fama-MacBeth coefficient estimates and t-statistics based on Newey-West standard errors
with a lag length of 2.

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel A: 1965-2009 (534 months)
Log(size) -0.233 -0.223 -0.236 -0.221

(-4.931) (-4.749) (-5.025) (-4.682)
Log(bm) 0.135 0.186 0.163 0.198

(1.798) (2.488) (2.082) (2.501)
MDR 0.987 0.282 -1.000

(3.296) (1.140) (-3.725)
Rel Lev 3.992

(21.32)
BDR 0.332 0.146 -0.386

(1.833) (0.701) (-1.775)
Rel Lev (book) 1.542

(12.17)
Constant 1.285 1.101 1.573 1.455 1.137 1.385

(4.397) (4.806) (6.706) (5.099) (4.888) (6.053)
t-statistics in parentheses
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(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel B: 1990-2009 (234 months)
Out-of-sample Est. BB Est. LSDV Est.

log(size) -0.220 -0.243 -0.229 -0.233 -0.211 -0.236
(-3.666) (-4.075) (-3.788) (-3.887) (-3.492) (-3.930)

log(bm) 0.139 0.142 0.166 0.160 0.178 0.159
(1.510) (1.353) (1.817) (1.517) (1.948) (1.518)

MDR -0.507 -1.078 -1.394
(-1.226) (-2.473) (-3.137)

Rel Lev 2.241 4.057 4.805
(7.946) (11.34) (12.33)

BDR -0.0791 -0.361 -0.259
(-0.221) (-1.023) (-0.715)

Rel Lev (book) 0.757 1.599 1.294
(3.197) (6.026) (4.400)

Constant 1.478 1.381 1.675 1.491 1.759 1.461
(4.448) (4.055) (4.959) (4.410) (5.240) (4.300)

t-statistics in parentheses
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Table 3.7. Orthogonalizing Regressions.
We report orthogonalizing time-series regressions of factors OMU, SMB, HML, and RMRF using
monthly data from July 1965 to December 2009. Monthly series of the Fama and French factors
are from Kenneth French’s website, while OMU (Over-leveraged Minus Under-leveraged) is defined
as the difference between the average monthly return of stocks with relative leverage above the
80th percentile for NYSE firms, minus the average monthly return of stocks with relative leverage
below the 20th percentile for NYSE firms. In order to define OMU, firms are assigned to portfolios
at the end of June of each year. Reported t-statistics are based on standard errors corrected for
heteroskedasticity as suggested by Davidson and MacKinnon [1993].

(1) (2) (3) (4)
VARIABLES OMU SMB HML RMRF

RMRF -0.0245 0.178*** -0.136***
(-0.918) (4.632) (-3.680)

SMB 0.125*** -0.194*** 0.353***
(3.810) (-3.239) (3.753)

HML 0.285*** -0.266*** -0.370***
(6.708) (-2.811) (-3.582)

OMU 0.352*** 0.585*** -0.136
(3.475) (6.657) (-0.942)

Constant 1.532*** -0.285 -0.462** 0.693**
(19.61) (-1.465) (-2.583) (2.423)

Observations 534 534 534 534
R-squared 0.196 0.153 0.274 0.162

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 3.8. Comparison of Pricing Performance of Factor Models.
At the end of June of each year between 1965 and 2009, stocks are allocated to 27 portfolios by
independently ranking them into three groups on the basis of their values of size, book-to-market
equity, and relative leverage. Individual stocks are re-assigned to equally-weighted portfolios every
June on the basis of NYSE breakpoints for the three variables. UL (OL) denotes the portfolio
of stocks with relative leverage below (above) that of the lowest (highest) tercile of NYSE firms.
Low (High) denotes the portfolio of stocks with book-to-market equity below (above) that of the
lowest (highest) tercile of NYSE firms. Small (Large) denotes the portfolio of stocks with market
capitalization below (above) that of the lowest (highest) tercile of NYSE firms. Panel A shows
average returns for the 27 portfolios and their standard deviations. Panel B reports estimated
pricing errors from iterated GMM estimation of time-series regressions of the excess returns of
the 27 portfolios on the Fama and French factors. Panel C reports estimated pricing errors from
iterated GMM estimation of time-series regressions of the excess returns of the 27 portfolios on
the market factor RMRF. Panel D reports estimated pricing errors from iterated GMM estimation
of time-series regressions of the excess return of the 27 portfolios on RMRF, OMU, and HML.
Reported t-statistics are based on Newey-West standard errors with a lag length of 4. Panels
B, C, and D also report average absolute pricing errors, average squared pricing errors, number
of failures “#Fail”, GRS test statistics, Hansen’s test statistics for a J test of over-identifying
restriction “J”, and its p-value “p(J)”. #Fail is defined as the number of pricing errors out of 27
that are significantly different from zero at the 1% level. “J” refers to the model estimated in
stochastic discount factor form by GMM.

Panel A: Descriptive Statistics

Average Return St. Dev
RL Size/BM Low 2 High Low 2 High

Small 0.61 0.74 0.99 8.62 6.98 6.56
UL 2 0.10 0.47 0.47 7.40 6.40 6.38

Large 0.09 0.24 0.42 5.83 5.61 5.94
Small 1.27 1.25 1.47 8.61 6.73 6.55

2 2 0.87 0.91 1.02 6.58 5.92 5.96
Large 0.68 0.70 0.78 5.25 5.18 5.50
Small 2.28 1.83 2.06 8.45 7.03 6.68

OL 2 1.39 1.34 1.45 6.86 6.07 6.61
Large 1.05 0.96 1.00 5.65 5.51 5.86
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Panel B: FF Model (Ri,t − rft = ai + biRMRFt + siSMBt + hiHMLt + ϵi,t )

ai t(ai)
RL Size/BM Low 2 High Low 2 High

Small -0.29 -0.04 0.11 -2.22 -0.37 0.91
UL 2 -0.57 -0.35 -0.39 -4.92 -3.42 -3.24

Large -0.28 -0.34 -0.26 -3.33 -3.29 -1.91
Small 0.52 0.48 0.59 3.69 4.34 5.52

2 2 0.33 0.22 0.21 3.57 2.25 1.91
Large 0.34 0.11 0.14 4.95 1.17 1.31
Small 1.36 0.92 1.17 8.63 7.98 10.25

UL 2 0.69 0.58 0.46 6.90 5.31 3.70
Large 0.65 0.24 0.16 6.88 2.16 1.35

Avg(|ai|) Avg(a2i ) #Fail GRS J p(J)

0.437 0.287 17 21.79 71.8 0.00

Panel C: CAPM (Ri,t − rft = ai + biRMRFt + ϵi,t )

ai t(ai)
RL Size/BM Low 2 High Low 2 High

Small -0.18 0.23 0.54 -0.80 1.23 2.68
UL 2 -0.59 -0.11 -0.00 -4.17 -0.79 -0.01

Large -0.40 -0.21 -0.03 -4.59 -1.81 -0.17
Small 0.55 0.71 1.01 2.42 3.77 5.05

2 2 0.28 0.44 0.55 1.97 3.28 3.62
Large 0.22 0.28 0.38 2.89 2.52 2.85
Small 1.54 1.24 1.63 5.85 6.28 7.54

OL 2 0.76 0.86 0.89 5.34 5.77 4.85
Large 0.55 0.51 0.55 5.48 3.99 3.39

Avg(|ai|) Avg(a2i ) #Fail GRS J p(J)

0.564 0.486 18 20.72 75.9 0.00
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Panel D: Ri,t − rft = ai + biRMRFt + hiHMLt + oiOMUt + ϵi,t

ai t(ai)
RL Size/BM Low 2 High Low 2 High

Small 0.12 0.17 0.08 0.25 0.45 0.20
UL 2 0.06 0.18 0.16 0.22 0.61 0.51

Large 0.19 0.28 0.25 1.51 1.72 1.13
Small 0.45 0.24 0.11 1.00 0.70 0.27

2 2 0.28 0.05 0.12 1.38 0.23 0.55
Large 0.46 0.30 0.36 4.10 2.32 2.36
Small 0.44 0.30 0.23 0.97 0.81 0.57

OL 2 0.53 0.23 0.22 2.10 1.07 0.67
Large 0.51 0.04 0.29 3.51 0.25 1.33

Avg(|ai|) Avg(a2i ) #Fail GRS J p(J)

0.246 0.073 2 3.37 21.46 0.55
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Appendix

Appendix A describes the data and variables used for the estimation of Flannery and

Rangan [2006] partial adjustment model in Section 3.2, and for the asset pricing tests in

Sections 3.3, and 3.4. Appendix B provides more details on the out-of-sample estimation

procedure. Appendix C discusses the GMM-based asset pricing tests that we carry out

in Section 3.4. Finally, Appendix D implements several robustness tests with a particular

focus on possible look-ahead biases.
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Appendix A: data and variables

A.1. Data and variables for the estimation of target leverage

For the leverage decomposition of FR, we use the Compustat Industrial Annual database

over the period 1965-2009 including all companies listed on AMEX, NYSE, and NASDAQ,

and excluding foreign firms that are not incorporated in the United States. We exclude

financials (SIC codes 6000-6999) and utilities (SIC codes 4900-4999) because of their

special characteristics.

Our measure of leverage is MDR as defined in (3.1), and is computed as the book

value of short-term plus long-term interest bearing debt (Compustat items DLTT+DLC)

divided by the market value of assets (DLTT+DLC + PRCC F*CSHO). As in FR, Xi,t

contains the following variables:21 Profitability (EBIT TA): Earnings before interest and

taxes (EBIT) over total assets (AT); Market Value over Assets (MB): Book value of

liabilities plus market value of equity (DLTT+DLC + PRCC F*CSHO) over total assets

[AT]; Depreciation (DEP TA): Depreciation (DP) over total assets (AT); Size (lnTA):

Logarithm of total assets (AT); Tangibility (FA TA): Property, plant, and equipment

(PPENT) over total assets (AT); R&D expenses (R&D TA): R&D expenses (XRD) over

total assets (AT); R&D Dummy (R&D DUM): Dummy equal to one for firms with missing

values for R&D expenses (XRD); Industry MDR (Ind Median): Median industry MDR

calculated for each year for two-digit SIC code industries; a firm fixed effect.

Following standard procedures, all the previous variables (including MDR) are win-

sorized at the 1st and 99th percentiles to mitigate the influence of extreme observations.

All variables are based on fiscal years. When included, year dummies are based on calen-

dar years. Table 3.10 provides summary statistics for the variables listed above.

A.2. Data and variables for the analysis of returns

In our asset pricing tests we use monthly stock prices and returns for firms on NYSE,

AMEX, Nasdaq covered by the Center of Research in Security Prices (CRSP) from 1965 to

2009. We exclude financial companies (SIC codes 6000-6999) and utility companies (SIC

codes 4900-4999), and foreign firms not incorporated in the United States. De-listing

returns are included in monthly returns.

We match these monthly data to annual income statement and balance sheet data

from the CRSP/COMPUSTAT merged database. We follow the matching procedure of

Fama and French [1992], which ensures a minimum gap of six months between fiscal

year-ends and returns. More precisely, we match monthly prices and returns from July of

calendar year t to June of calendar year t+1 with data from each company’s latest fiscal

21Variables that are not expressed as ratios are deflated by the consumer price index in 1983 dollars.
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Table 3.10. Flannery and Rangan [2006] Decomposition: Summary Statistics.
Sample includes all Compustat firms traded on NYSE,AMEX and NASDAQ between 1965 and
2009. Financial firms and utilities are excluded. In the sample there are 9,058 firms and 115,710
firm-year observations. MDR is the market debt ratio, EBIT TA is profitability, MB is the book-
to-market value of assets, DEP TA is depreciation over total assets, lnTA is the logarithm of total
assets, FA TA is the fixed-to-total assets ratio, R&D TA is the ratio between R&D expenses and
total assets, R&D DUM is a dummy equal to one for firms with missing values for R&D expenses,
and Ind Median is the median industry MDR calculated for each year for two-digit SIC code
industries. Variables that are not expressed as ratios are deflated by the consumer price index in
1983 dollars. All variables are winsorized at the 1% level.

Variable Mean Std. Dev. Min. Max.
MDR 0.24 0.23 0 0.87
EBIT TA 0.06 0.17 -0.76 0.36
MB 1.61 1.5 0.33 9.49
DEP TA 0.04 0.03 0 0.18
LnTA 18.69 1.85 14.73 23.49
FA TA 0.3 0.22 0.01 0.89
R&D DUM 0.04 0.08 0 0.47
R&D TA 0.52 0.5 0 1
Ind Median 0.19 0.14 0 0.98

year ending in calendar year t− 1.

In our tests, we consider the natural logarithm of market capitalization, the natu-

ral logarithm of book-to-market equity, and momentum as control variables. Market

capitalization - defined as the product of a company’s stock price times the number of

outstanding shares - is measured at June of calendar year t for the returns between July

of calendar year t and June of calendar year t+1. We measure book-to-market equity as

the ratio between a firm book equity and its market capitalization at the end of December

of calendar year t− 1. Following Fama and French [1993], we compute book equity as the

sum of shareholders’ equity, balance sheet deferred taxes and investments, and tax credits

if available, minus the book value of preferred stocks. Depending on data availability, we

estimate the book value of preferred stocks using, in this order, their redemption, liquida-

tion or par value. Since we consider the natural logarithm of book-to-market equity in our

tests, we eliminate firms with negative book equity from our analysis. Finally, similar to

Fama and French [2008], we measure momentum as the continuously compounded return

from month t− 12 to month t− 2.

In Section 3.3.3 we also consider book-valued debt ratios (BDR), defined as the book

value of short-term plus long-term interest bearing debt (DLTT + DLC) divided by the

book value of assets (DLTT + DLC) + book value of equity (BE). For BDR, we estimate

a relative leverage measure following the same procedure as in Section 3.2. More precisely,

our relative leverage measure for BDR is obtained by re-estimating Equation (3.4) with
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BDR as dependent variable.22

All annual series are matched to monthly data from CRSP as described before. There-

fore, we match leverage, relative leverage, over-leverage, under-leverage, and distance mea-

sures from fiscal year t−1 to monthly returns from July of year t to June of year t+1. In

Section 3.4 and Appendix A we also employ monthly series of Fama and French’s factors

RMRF, HML, SMB, of the risk-free rate RF, and of the momentum factor MOM. We

obtain these data from Kenneth French’s website.

22Accordingly, MDRInd is replaced by the industry median of BDR.
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Appendix B: out-of-sample estimation

In this appendix, we provide details and robustness checks on the out-of-sample estima-

tion of relative leverage. First, notice that the properties of the fixed effect estimators

are asymptotic.23 Thus, while consistent, fixed effects estimates may be biased in finite

samples. This may be a problem in our unbalanced panel, because the length of the

time-series for many firms is quite short.

For the out-of-sample analysis, we consider the years 1987-2009 as the period for which

we want to explain equity returns. For each year t between 1987 and 2009 we estimate

Equation 3.4 on a rolling basis, i.e. using data from 1965 to t. Target leverage for the i-th

stock is estimated in year t only if firm i’s fixed effect estimate is stable enough. Since

fixed effects estimates are consistent, once stability is reached in a given year, it will also

apply in the following years. More specifically, stability of the estimate for firm i in year

t is achieved if and only if there exists a period t∗ between 1989 and t such that the fixed

effect estimate Fi,t∗ can be computed24 and satisfies

Fi,t∗ − Fi,t∗−1 < 0.05

and

Fi,t∗ − Fi,t∗−2 < 0.05.

Once the stability criterion is satisfied for firm i, the fixed effect estimate Fi,t∗ at t∗ is

used to compute target leverage MDR∗
i,t for every t ≥ t∗ for which Equation 3.4 produces

an estimate of target leverage for firm i.25 For computational convenience, in the rolling

estimation, we use the LSDV estimator instead of the Blundell and Bond [1998] system

GMM. Once we have obtained target leverage estimates for the period 1989-2009 and

computed relative leverage as in Equation 3.5, we match annual series to monthly returns

according to the procedure described in Appendix A. This yields monthly time series from

July 1990 to December 2009.

Figure 3.4 depicts average monthly returns for the period 1990-2009, sorting firms

according to the out-of-sample approach described above. As in Figure 3.3, a clear relative

leverage premium emerges. Consistent with our previous findings, the premium is fairly

symmetrical around the target.

(Insert Figure 3.4 here)

23Independently of the estimation method that one employs (LSDV or Blundell and Bond [1998] system
GMM), firm fixed effects are determined such that the sample mean of each individual ’s time series of
residuals equals zero (Baltagi [2008]).

24We require that there are no gaps in the firm i’s time series of Fi,s, for t
∗ < s < t.

25Occasionally, due to missing data for one or more regressors in Xi,t−1, it is not possible to estimate
MDR∗

i,t for every t ≥ t∗. When this occurs, we do not include the firm in the analysis, and check again
the stability criterion.
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In Table 3.18 of Appendix D we repeat the procedure described above with a shorter

burn-in period from 1965 to 1972. This leads to monthly time series from July 1975 to

December 2009. Our results remain qualitatively unchanged.

We employ the 0.05 threshold in the out-of-sample estimates of Panels B of Tables

3.4, 3.5, and 3.6. In Table 3.17 of Appendix D we consider different convergence criteria,

with tighter and looser bounds, and based on estimates for more than two consecutive

years. This does not qualitatively affect our results.
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Appendix C: GMM-based asset pricing tests

In Section 3.4 we test the CAPM, the FF3 model, and a model with RMRF, HML, and

OMU both in their expected return-beta and in their stochastic discount factor represen-

tation. Both tests are based on Generalized Method of Moments (GMM) estimation. For

an exhaustive treatment of these types of tests, we refer the reader to Hansen [1982], and

Cochrane [1996].

For each set of N test assets we contemplate in Tables 3.8 and 3.9, the return-beta

equations for all N assets in vector form can be written as

rt − rft = α + β′ft + ϵt

where ft = [RMRFt]
′ for the CAPM, ft = [RMRFt SMBt HMLt]

′ for the FF3 model,

and ft = [RMRFt HMLt OMUt]
′ for the model with RMRF, HML, and OMU. The

moment conditions that we consider to map the regression equations above into the GMM

framework are

MT (α, β) ≡

[
E[ϵt]

E[ϵtft]

]
The GMM objective is to estimate α and β to minimize the following quadratic form of

the moment conditions

JT (α, β) ≡MT (α, β)
′WMT (α, β)

where W is a weighting matrix. As Ferson and Foerster [1994] suggest, we use iterative

efficient GMM estimation to improve finite-sample performance. Specifically, we initially

set W = W0, and we estimate the model by GMM to get a consistent estimate of the

covariance matrix of moments S. We then impose W = S−1 to obtain efficient next-stage

estimates. We iterate the last step until convergence is achieved. In our analysis, we

choose W0 = (f̃t
′
f̃t) ⊗ IN , where f̃t

′
= [1 f ′

t ] and IN is an identity matrix of size N . At

each step, we estimate a heteroskedasticity and autocorrelation consistent matrix S using

a Newey-West kernel with 4 lags.

In this framework, the asymptotic variance matrix of GMM estimates [α̂ β̂] is

V ar

[
α̂

β̂

]
=

1

T
D−1SD−1′

where T is the number of monthly observations in our sample, and D is defined as

D ≡ ∂MT

∂[α′ β′]
= −

[
1 E[ft]

E[ft] E[f 2
t ]

]
⊗ IN

Therefore, a Wald-type test for null hypothesis that the N pricing errors are jointly zero
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can be easily implemented. In fact:

α̂′V ar(α̂)−1α̂
d−→ χ2

N

Since the GMM system is just identified (the number of parameters to estimate and the

number of moment conditions are both equal to N(K + 1), where K is the number of

factors in each model), the point estimates α̂ and β̂ coincide with OLS estimates of time-

series regressions for the individual assets. However, standard errors differ in that we

do not assume homoscedasticity and independent errors over time in the construction of

the S matrix. Under these two assumptions, the Wald-type test above boils down to the

asymptotic counterpart of the celebrated GRS test.

In order to estimate the three models in stochastic discount factor form, we apply the

iterative GMM procedure described above to the following set of moment conditions

MT (b) ≡ E[mt+1(1 + rt)− 1]

The stochastic discount factor mt+1 is parametrized as mt+1 = b0 + b1RMRFt+1 for the

CAPM, mt+1 = b0 + b1RMRFt+1 + b2SMBt+1 + b3HMLt+1 for the FF3 model, and

mt+1 = b0+ b1RMRFt+1+ b2HMLt+1+ b3OMUt+1 for the model with RMRF, HML, and

OMU. Following Cochrane [1996], we now set the initial weighting matrix W0 = IN .

In this setting, we can test whether the pricing errors are jointly zero using the J test

of over-identifying restrictions. In fact

J ≡ TMT (b̂)
′Ŝ−1MT (b̂)

converges to a chi-square distribution with N − K − 1 degrees of freedom. All inverse

matrices are computed as generalized inverses.
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Appendix D: robustness checks

In this section we report extensive robustness checks on the results reported in the main

text. Tables 3.11, 3.12, and 3.13 assess the sub-period robustness of our results from FMB

regressions. They are respectively replicas of Tables 3.4, 3.5, and 3.6 on the 1965-1979,

1980-1994, and 1995-2009 sub-samples. They show that the relationship between relative

leverage and expected returns is strong and stable across sub-periods, while the residual

significance of target leverage is mostly driven by the 1980-1994 sub-period evidence.

Table 3.14 replicates the key results in Tables 3.4, 3.5, and 3.6, where target leverage

is estimated with only a firm-fixed effect as a determinant. Our key results are qualita-

tively unchanged. This stresses the importance of allowing for firm-specific unobservable

heterogeneity in the estimation of target leverage, as Lemmon et al. [2008] point out.

Tables 3.15, and 3.16 provide additional evidence supporting the asset pricing tests in

Section 3.4. Table 3.15 reports results of autocorrelation and heteroskedasticity consistent

Wald-type tests for the test assets we consider in Tables 3.8, and 3.9. These tests are

detailed in Appendix C. Table 3.16 extends the results in Table 3.8 to the four-factor model

of Carhart [1997]. Overall, these two tables provide evidence that the relative leverage

premium is not captured by existing factor models, even if we consider momentum as

a potential risk source, and that our results are not driven by specific statistical testing

procedures.

Tables 3.17, and 3.18 provide evidence that our out-of-sample results are robust to

different choices of convergence criterion and burn-in period, as detailed in Appendix B.
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Table 3.12. Relative Leverage, Over-Leverage, Under-Leverage and Distance:
Subperiod Evidence.
This table is a replica of Table 3.5 for different sub-periods. We estimate monthly cross-
sectional regression of stock returns on size, book-to-market ratio, relative leverage, dis-
tance, over-leverage and under-leverage. Panel A refers to the period between July 1965
and December 1979, Panel B to the period between January 1980 and December 1994,
and Panel C to the period between January 1995 and December 2009.The independent
variables are matched to monthly returns in line with Fama and French (1992). We
report Fama-MacBeth coefficient estimates and t-statistics based on Newey-West stan-
dard errors with a lag length of 2. Distance, Overlev and Underlev are defined as:

Distancei,t = abs{Rel Levi,t, 0}
Overlevi,t = max{Rel Levi,t, 0}
Underlevi,t = −min{Rel Levi,t, 0}

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel A: 1965-1979 (174 months)
Log(size) -0.177 -0.173 -0.191 -0.173 -0.173 -0.173

(-1.914) (-1.896) (-2.044) (-1.896) (-1.896) (-1.896)
Log(bm) 0.0709 0.0656 0.0815 0.0656 0.0656 0.0656

(0.532) (0.487) (0.585) (0.487) (0.487) (0.487)
Overlev 4.377 1.555

(5.203) (1.384)
Underlev -2.822 1.555

(-5.636) (1.384)
Rel Lev 3.410 2.822 4.377 3.599

(15.95) (5.636) (5.203) (8.905)
Distance 0.662 0.778

(1.344) (1.384)
Constant 0.963 0.895 0.847 0.895 0.895 0.895

(2.498) (2.332) (2.202) (2.332) (2.332) (2.332)
t-statistics in parentheses
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(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel B: 1980-1994 (180 months)
Log(size) -0.150 -0.156 -0.168 -0.156 -0.156 -0.156

(-2.481) (-2.629) (-2.794) (-2.629) (-2.629) (-2.629)
Log(bm) 0.151 0.155 0.261 0.155 0.155 0.155

(1.295) (1.321) (2.228) (1.321) (1.321) (1.321)
Overlev 2.426 -1.037

(4.253) (-1.306)
Underlev -3.463 -1.037

(-9.161) (-1.306)
Rel Lev 3.043 3.463 2.426 2.944

(13.04) (9.161) (4.253) (10.64)
Distance -0.841 -0.518

(-2.061) (-1.306)
Constant 1.354 1.400 1.443 1.400 1.400 1.400

(3.544) (3.744) (3.844) (3.744) (3.744) (3.744)
t-statistics in parentheses

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel C: 1995-2009 (180 months)
Log(size) -0.336 -0.335 -0.342 -0.335 -0.335 -0.335

(-3.730) (-3.733) (-3.814) (-3.733) (-3.733) (-3.733)
Log(bm) 0.0650 0.0672 0.115 0.0672 0.0672 0.0672

(0.424) (0.442) (0.737) (0.442) (0.442) (0.442)
Overlev 3.715 -0.331

(4.137) (-0.251)
Underlev -4.046 -0.331

(-5.834) (-0.251)
Rel Lev 4.071 4.046 3.715 3.881

(10.63) (5.834) (4.137) (8.466)
Distance -1.901 -0.165

(-2.969) (-0.251)
Constant 1.482 1.501 1.606 1.501 1.501 1.501

(2.956) (3.239) (3.456) (3.239) (3.239) (3.239)
t-statistics in parentheses
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Table 3.13. Relative Leverage, Market Leverage, Book Leverage: Subperiod
Evidence.
This table is a replica of Table 3.6 for different sub-periods. We estimate monthly cross-
sectional regression of stock returns on size, book-to-market ratio, relative leverage, market
leverage, and book leverage. Panel A refers to the period between July 1965 and December
1979, Panel B to the period between January 1980 and December 1994, and Panel C to
the period between January 1995 and December 2009. The independent variables are
matched to monthly returns in line with Fama and French (1992). We report Fama-
MacBeth coefficient estimates and t-statistics based on Newey-West standard errors with
a lag length of 2.

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel A: 1965-1979 (174 months)
Log(size) -0.201 -0.181 -0.209 -0.190

(-2.189) (-1.986) (-2.264) (-2.039)
Log(bm) 0.0587 0.150 0.115 0.161

(0.383) (0.987) (0.828) (1.148)
MDR 1.378 0.576 -0.847

(2.768) (1.482) (-1.875)
Rel Lev 3.791

(12.68)
BDR 0.722 0.312 -0.364

(1.808) (0.938) (-0.937)
Rel Lev(book) 1.662

(7.448)
Constant 0.861 0.660 1.246 1.059 0.723 1.041

(1.812) (2.059) (3.562) (2.322) (2.275) (3.302)
t-statistics in parentheses
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(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel B: 1980-1994 (180 months)
Log(size) -0.163 -0.158 -0.164 -0.145

(-2.698) (-2.642) (-2.705) (-2.388)
Log(bm) 0.260 0.273 0.267 0.302

(2.210) (2.342) (2.295) (2.608)
MDR 0.816 0.0656 -1.330

(2.448) (0.265) (-4.936)
Rel Lev 3.853

(15.02)
BDR 0.203 -0.0287 -0.596

(1.038) (-0.129) (-2.482)
Rel Lev(book) 1.635

(9.295)
Constant 1.385 1.330 1.740 1.548 1.358 1.629

(3.103) (3.751) (4.847) (3.629) (3.784) (4.509)
t-statistics in parentheses

(1) (2) (3) (4) (5) (6)
VARIABLES ret ret ret ret ret ret

Panel C: 1995-2009 (180 months)
Log(size) -0.334 -0.329 -0.335 -0.329

(-3.751) (-3.707) (-3.833) (-3.751)
Log(bm) 0.0851 0.133 0.106 0.128

(0.724) (1.132) (0.707) (0.843)
MDR 0.780 0.214 -0.818

(1.166) (0.369) (-1.341)
Rel Lev 4.327

(10.90)
BDR 0.0831 0.161 -0.197

(0.265) (0.334) (-0.422)
Rel Lev(book) 1.333

(5.300)
Constant 1.594 1.299 1.722 1.744 1.317 1.474

(2.742) (2.667) (3.514) (2.997) (2.631) (3.037)
t-statistics in parentheses
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Table 3.14. Estimation of Target Leverage Using Only Fixed Effects.
Each month between July 1965 to December 2009, we estimate cross-sectional regressions
of stock returns on size, book-to-market ratio, relative leverage, market debt ratio, over-
leverage and under-leverage. Relative leverage is estimated using Blundell and Bond
[1998] system GMM, as described in Section 3.2, where Xi,t contains only a firm fixed-
effect. The independent variables are matched to monthly returns in line with Fama and
French (1992). We report Fama-MacBeth coefficient estimates and t-statistics based on
Newey-West standard errors with a lag length of 2. Overlev and Underlev are defined as:

Overlevi,t = max{Rel Levi,t, 0}
Underlevi,t = −min{Rel Levi,t, 0}

(1) (2) (3)
VARIABLES ret ret ret
Sample Period: 1965-2009 (534 months)

Log(size) -0.232 -0.234 -0.234
(-5.229) (-5.375) (-5.350)

Log(bm) 0.077 0.163 0.081
(1.113) (2.468) (1.177)

MDR -0.974
(-4.292)

Rel Lev 3.200 3.638
(21.15) (21.28)

Overlev 2.835
(8.342)

Underlev -3.304
(-14.09)

Constant 1.248 1.530 1.269
(5.561) (7.078) (5.836)

t-statistics in parentheses
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Table 3.16. Comparison of Pricing Performance of Factor Models: Carhart Model.
At the end of June of each year between 1965 and 2009, stocks are allocated to 27 portfolios by
independently ranking them into three groups on the basis of their values of size, book-to-market
equity, and relative leverage. Individual stocks are re-assigned to equally-weighted portfolios every
June on the basis of NYSE breakpoints for the three variables. UL (OL) denotes the portfolio
of stocks with relative leverage below (above) that of the lowest (highest) tercile of NYSE firms.
Low (High) denotes the portfolio of stocks with book-to-market equity below (above) that of
the lowest (highest) tercile of NYSE firms. Small (Large) denotes the portfolio of stocks with
market capitalization below (above) that of the lowest (highest) tercile of NYSE firms. We report
estimated pricing errors from iterated GMM estimation of time-series regressions of the excess
returns of the 27 portfolios on a four-factor model including the Fama and French factors and the
momentum factor, as in Carhart [1997]. Reported t-statistics are based on Newey-West standard
errors with a lag length of 4. We also report average absolute pricing errors, average squared
pricing errors, number of failures “#Fail”, GRS test statistics, Hansen’s test statistics for a J test
of over-identifying restriction “J”, and its p-value “p(J)”. #Fail is defined as the number of pricing
errors out of 27 that are significantly different from zero at the 1% level. “J” refers to the model
estimated in stochastic discount factor form by GMM.

Ri,t − rft = ai + biRMRFt + siSMBt + hiHMLt +miMOMt + ϵi,t

ai t(ai)
RL Size/BM Low 2 High Low 2 High

Small 0.01 0.19 0.32 0.04 1.74 2.38
UL 2 -0.29 -0.10 -0.16 -2.47 -0.99 -1.23

Large -0.09 -0.19 -0.08 -1.17 -1.88 -0.60
Small 0.70 0.65 0.74 4.36 5.69 6.08

2 2 0.41 0.30 0.32 4.54 2.83 2.77
Large 0.44 0.20 0.23 5.92 2.36 2.11
Small 1.45 1.05 1.29 8.58 8.00 9.89

OL 2 0.76 0.68 0.63 6.79 6.08 4.68
Large 0.68 0.33 0.32 6.81 2.97 2.86

Avg(|ai|) Avg(a2i ) #Fail GRS J p(J)

0.467 0.349 16 19.95 37.6 0.02
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Table 3.18. Out-of-Sample Evidence on the 1975-2009 Testing Period.
We estimate Relative leverage, under-leverage, and over-leverage out-of-sample following
the procedure described in Appendix B, with a shorter burn-in period is from 1965 to
1972. We then estimate cross-sectional regressions of stock returns on size, book-to-
market ratio, relative leverage, over-leverage, under-leverage, and market leverage. The
independent variables are matched to monthly returns in line with Fama and French
(1992). This yields to monthly time series from July 1975 to December 2009. The sample
includes a total of 692,745 firm-month observations. We report Fama-MacBeth coefficient
estimates and t-statistics based on Newey-West standard errors with a lag length of 2.

(1) (2) (3)
VARIABLES ret ret ret
Sample Period: 1975-2009 (414 months)

Log(size) -0.189 -0.184 -0.188
(-4.268) (-4.215) (-4.243)

Log(bm) 0.138 0.183 0.135
(1.812) (2.589) (1.788)

MDR -0.459
(-1.766)

Rel Lev 1.863 2.077
(10.55) (10.82)

Overlev 2.203
(5.747)

Underlev -1.283
(-4.693)

Constant 1.399 1.530 1.353
(5.437) (6.162) (5.508)

t-statistics in parentheses
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Chapter 4

Dynamic Corporate Liquidity

4.1 Introduction

When external finance is costly, liquid funds provide corporations with instruments to

absorb and react to shocks. Making optimal use of liquid funds means transferring them

to times and states where they are most valuable. Liquid funds may be valuable because

they aid financing of a profitable investment opportunity, or because they help covering

cash shortfalls. Anticipations of such future states thus provide a rationale for corporate

liquidity management and renders it inherently dynamic. One way to implement liquidity

management is using uncontingent instruments, such as holding cash, which transfers

liquid funds across all states symmetrically. We will refer to such policies as unconditional

liquidity management. Alternative instruments, such as credit lines or derivatives, have

a more state-contingent flavor in that corporations may draw on them to transfer funds

to specific states only. We will refer to such policies as conditional liquidity management.

In practice, we see firms engaging in many combinations of conditional and uncon-

ditional liquidity management policies, yet there is relatively little work attempting to

understand the determinants of these choices. In this paper, our objective is to take a

step towards filling this gap. We do so by proposing a dynamic model of corporate policies

that explicitly allows corporations to transfer liquid funds unconditionally using cash and

conditionally by drawing on credit lines. The result is a quantitative theory of optimal

liquidity management based on the trade-off between conditionali liquidity subject to

collateral constraints and unconditional, unconstrained liquidity. In the model, liquidity

needs arise from stochastic investment opportunities and cash shortfalls in the context of

high leverage. By solving the model numerically, we provide novel empirical predictions

on the cross-sectional and time-series determinants of corporations’ liquidity policies. We

test these predictions empirically using data on credit lines from CapitalIQ and find strong

support for them. The model thus provides a quantitatively and empirically successful

framework explaining corporate investment, financing and liquidity policies and the joint
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occurrence of cash, debt and credit lines in the presence of capital market imperfections.

In the model, firms attempt to take advantage of profitable investment opportunities

that arise stochastically. However, due to capital market imperfections, issuing equity

entails costs such that firms will find it beneficial to exploit the tax benefits of leverage

by issuing debt. However, we assume that debt needs to be collateralized by capital so

that all debt is secured. This means that firms’ debt capacity is endogenously bounded.

In this context, a rationale for liquidity management arises. Firms can transfer liquidity

unconditionally across all states by saving, that is, by holding cash. On the other hand,

firms can preserve debt capacity in a state-contingent way by drawing on their credit

lines as economic conditions dictate. This allows firms to transfer liquidity conditionally

to specific states only. We show that the model predicts that firms will exploit conditional

and unconditional liquidity management highly differentially both in the cross-section and

in the time series. Calibrating the model, we find that such differential use of liquidity

management provides a coherent explanation for many stylized facts about firms joint

investment, financing and liquidity policies.

Our model rationalizes the empirical evidence that firms simultaneously hold cash

and debt, hence corroborating the notion that cash is not negative debt. Within the

context of our model, the intuition is simple. While debt and credit lines jointly allow

for state-contingency within the limits of debt capacity, holding cash allows to transfer

liquidity beyond collateral constraints in case of high financing needs. Such high financing

needs most likely arise when firms have many profitable investment opportunities. In this

context, the model predicts that small firms and constrained firms (as measured by net

worth) hold more cash, all else equal. This is a pattern well documented in the data,

indicating that such firms mostly manage liquidity by means of unconditional instruments.

On the other hand, large firms and relatively unconstrained firms are predicted to hold less

cash and have more undrawn credit, indicating that they rely more conditional policies

for liquidity management. We confirm this prediction using data on credit lines from

CapitalIQ. Our model also replicates the well documented positive relationship between

leverage and size.

An important implication of the model is that empirically we carefully need to distin-

guish between small firms (as measured by the capital stock) and constrained firms (as

measured by net worth). Indeed, these variables are the two relevant (endogenous) state

variables in the model. While the two variables are indeed somewhat correlated, we doc-

ument the need of distinguishing them by means of two way sorts on relevant variables on

capital and undrawn credit. These sorts suggest that the main driver of cash holdings is

capital, while financial constraints matter less. Since low capital implies valuable growth

opportunities (in a model with decreasing returns to scale), this suggests that uncondi-

tional liquidity management mostly serves to transfer funds to states with high investment

opportunities. On the other hand, the amount of undrawn credit mostly varies with net
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worth, controlling for capital. Indeed, unconstrained firms have more slack on their credit

lines, so that the transfer more funds to valuable states conditionally. Symmetrically,

constrained firms mostly exhaust their debt capacity. This is consistent with the notion,

developed in Rampini and Viswanathan [2010], and Rampini and Viswanathan [2012a],

that constrained firms hedge less, and that if they do, they do it unconditionally using

cash. We find strong support for these predictions in the data, suggesting the need to

distinguish between size and financial constraints, in contrast to most commonly used

financial constraint indicators in empirical work. Moreover, these findings suggest that

cross-sectionally we can distinguish firms whose liquidity management is mostly dictated

by preserving liquidity for investment opportunities, which we label ’upstate hedging’,

as opposed to firms preserving liquidity in order to cover cash shortfalls, which we label

’downstate hedging’. In particular, our findings suggest that different instruments serve

such liquidity needs better. Figure 1 illustrates our results.

Our analysis points to the importance of examining financing and liquidity policies in

the context of investment opportunities, and in particular, investment frictions. While it

is well known that financing policies in dynamic investment models exhibit considerable

sensitivity to the specification of investment technologies, we reinforce such results in the

context of measures of firms’ liquidity management. Obstructions to frictionless adjust-

ment of the capital stock in dynamic corporate models are most commonly represented

by means of a convex (quadratic) adjustment cost. Our results clearly indicate that fixed

costs of adjustment are important to understand liquidity management at the firm level,

and cash holdings in particular.

Our paper is at the intersection of several converging lines of literature. In partic-

ular we interpret the quantitative literature on dynamic investment and financing (as

started by Gomes [2001], Hennessy and Whited [2005], and Hennessy and Whited [2007])

further in light of the recently emerged literature on dynamic risk management and hedg-

ing in the context of collateralized debt (Rampini and Viswanathan [2010], Rampini

and Viswanathan [2012a]). We build on Rampini and Viswanathan by modeling state-

contingent debt subject to collateral constraints. While Rampini and Viswanathan op-

erate in a dynamic optimal contracting framework, we take the form of the contracts as

exogenously given and interpret them in the wider context of commonly used frictions in

the dynamic financing literature, such as equity issuance costs and investment frictions.

Most importantly, we allow firms to use cash as a form of liquidity management. While

these leads to a distinct set of empirical predictions, we moreover view our paper as con-

tributing more to the quantitative and empirical literature rather than the one on optimal

security design.

Our paper is closely related to the emerging literature on firm policies and cash hold-

ings. A non-exhaustive list includes Nikolov and Whited [2009], Morellec and Nikolov

[2009], Hugonnier, Malamud and Morellec (2011), Bolton et al. [2011], Falato et al. [2013],
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Bolton et al. [2012], and Eisfeldt and Muir [2013]. Our main departure from this line of

literature is that we allow for conditional liquidity management that we interpret in the

context of credit lines. Our empirical results suggest that this is a relevant model feature.

In this context, our paper is most closely related to Bolton, Chen and Wang (2011, 2012),

who allow firms to access credit lines and hedge aggregate shocks using derivatives. On

the other hand, for tractability, these authors operate within an AK-framework which

allows to reduce the number of state variables and to obtain analytical solutions up to an

ordinary differential equation. However, our empirical results suggest that distinguishing

between the capital stock and net worth as state variables is empirically relevant.

From a computational viewpoint, we introduce linear programming methods into dy-

namic corporate finance. Accounting for conditional liquidity management by means of

state-contingent policies introduces a large number of control variables into our setup

which would render our model subject to the curse of dimensionality for standard com-

putational methods. We exploit and extend linear programming methods to circumvent

this problem and efficiently solve for the value and policy functions in this class of prob-

lems. Linear programming methods, while common in operations research, have been

introduced into economics and finance by Trick and Zin (1993, 1997). We extend their

methods to setups common in corporate finance. More specifically, we exploit a separation

oracle, an auxiliary mixed integer programming problem, to deal with large state spaces

and find efficient implementations of Trick and Zin’s constraint generation algorithm.

This paper is structured as follows. After presenting some stylized empirical evidence

on corporate liquidity management in section 2, we present our model in section 3. We

qualitatively examine the determinants of corporations’ joint investment, financing and

liquidity policies in section 4. After detailing our approach to calibration and identification

of our quantitative model in section 5, we present cross-sectional implications in section 6

and time-series implications by means of generalized nonlinear impulse response functions

in section 7. Section 8 concludes.

[Insert Figure 4.1 Here]
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4.2 Stylized Facts on Corporate Liquidity

In this section we revisit the key empirical facts about firms’ joint liquidity management,

cash, and capital structure decisions. This evidence can be rationalized and interpreted

within our model. In Table 4.1, we present stylized evidence by sorting firms on the

empirical counterpart of the two state variables of our model, namely net worth, and

capital stock. The sorts in table 4.1 are based on a sample of manufacturing firms from the

merged Compustat Annual and Capital IQ datasets, for the period 2001-2011. As in the

models of Rampini and Viswanathan [2010], and Rampini and Viswanathan [2012a], net

worth determines the amount of resources that are available to the firm in a certain state of

the world. Net worth is the sum of realized cash flows from current investment, capital net

of depreciation, and cash holdings, net of debt repayments. Intuitively, net worth is the

firm’s counterpart of household’s wealth. Therefore, net worth captures how constrained

a company is with respect to funds to allocate to investment, risk management, and

distributions. Consistent with the definition in our model, we proxy net worth as the

book value of shareholder equity as in Rampini et al. [2012]. Capital stock is measured

as the book value of property, plant, and equipment. For each year, firms that are above

(below) the 67th (33th) percentile of net worth are classified as relatively unconstrained

(constrained). Using the same procedure, firms are classified as large or small on the basis

of their capital stock.

An important caveat that limits empirical evidence on corporate risk management is

that firm’s hedging is unobservable. Existing studies focus on specific industries and types

of hedging to draw inference. For example, Tufano [1996] considers hedging of output price

in the gold mining industry, while Rampini et al. [2012] investigate hedging of input (fuel)

price for airlines. In our model, firms can transfer conditional liquidity by keeping slack on

their collateral constraints, that is by saving debt capacity in a state-contingent way. As

Rampini and Viswanathan [2012a] discuss, an important implementation of conditional

liquidity management relies on loan commitments. This implementation appears to be

important in practice, because credit lines play a first-order role for firm’s financing. As

Sufi [2009] points out, over 80 percent of bank debt held by public firms is in the form

of lines of credit. Moreover, Colla et al. [2013] report that the drawn part alone of credit

lines accounts for more than 20 percent of the debt structure of US listed firms. On the

contrary, the overall quantitative importance of risk management based on derivatives is

debatable. For instance, Guay and Kothari [2003] find that even large firms implement

little hedging through financial derivatives. In table 4.1, we report the undrawn fraction of

credits from lines of credit from the Capital IQ dataset. For the aforementioned reasons,

and because of data limitations, we consider this indicator as a proxy of how much firms

are slack on their collateral constraints for providing stylized evidence. This choice is

consistent with the definition of conditional liquidity in our model. Despite there are
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reasons other than hedging for which firms do not fully draw from their credit lines, such

as limited investment needs, we expect to observe cross-sectional differences in the fraction

of undrawn debt capacity across net worth and capital clusters.

Panel A shows one-way sorts by net worth and capital. We report mean cash-to-asset

and debt-to-asset ratios, and the average fraction of undrawn credit from credit lines.

More constrained and smaller firms have larger cash holdings, consistent with existing

empirical studies, such as Denis and Sibilkov [2009], and Almeida et al. [2004]. Consis-

tent with some constrained firms having low cash holdings, as in Denis and Sibilkov [2009],

the pattern is more pronounced for the sort on capital. Small firms in our sample have

an average cash-to-asset ratio of 23.6 percent, compared to 9.6 percent for large firms.

Constrained firms instead hold 16.7% of their asset in cash and cash equivalents, while

the ratio falls to 11.7% for unconstrained firms. Regarding leverage, the cross-sectional

patterns for sorts on net worth and capital have opposite directions. The sort on capital

highlights the well-known positive relationship between leverage and size, that several

studies document. Firms with low net worth appear to have more debt than those with

high net worth, namely 35.1% versus 23.1% of total assets. Finally, relatively uncon-

strained firms appear to have more undrawn credit, in line with the result in Rampini

et al. [2012] that firms with high net worth hedge more (0.922 versus 0.716). Large firms

also appear to keep more slack on their credit lines, despite the pattern is not as clear as

for the sort on net worth.

As Rampini et al. [2012] discuss, patterns that relate the corporate policy to net worth

are largely unexplored. In our framework, net worth measures how constrained is a firm

with respect to the amount of available resources. Other proxies of financial constraints

used in the empirical literature capture different dimensions. For example, bond ratings

proxy for distance to default. Remarkably, size, typically measured as the book value of

total assets, is one of those proxies. In our model, net worth and capital are two different

state variables. Therefore, in panel B, we report two-way sorts to revisit and provide new

insights about the key stylized facts on debt, cash, and risk management with respect

to these two variables. Distinguishing between net worth and capital allows to uncover

stylized evidence that can be useful to understand firms’ conditional and unconditional

liquidity and hedging policies.

Concerning cash holdings, our two-way sorts show that capital is the main variable

that influences cash. Small firms hold more cash than large firms for each cluster of

new worth. The ”Cash holdings” panel shows that the cash-to-asset ratio of small firms

is around three times higher than that of large firms. Remarkably, after controlling

for capital, unconstrained firms appear to hold more cash than constrained firms. This

evidence is consistent with the finding in Denis and Sibilkov [2009] that some constrained

firms have low cash holdings, despite small firms hold more cash than large firms. The

”Leverage” panel highlights that large constrained firms have very high debt ratios (69.6%
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of total assets), much higher than large firms with high net worth (25.1% of total assets).

A similar pattern, but less strong, can be observed for less constrained firms, which are

likely to have more internal resources (38.1% versus 8.9% for the second cluster, and 25.1%

versus 10.5% for unconstrained firms). Finally, the joint effect of net worth and capital

on undrawn credit suggest that unconstrained firms are more slack on their credit lines,

while capital does not appear to play a very important role. This pattern is consistent

with the evidence in Rampini et al. [2012], and emphasizes the importance to distinguish

between net worth and size per se.

Finally, as Strebulaev and Whited [2012] point out, an interesting piece of evidence,

which existing dynamic models of investment and financing are generally unable to ratio-

nalize, is that firms simultaneously hold cash and debt.1

[Insert Table 4.1 Here]

In summary, the key stylized facts on corporate liquidity, financing, and hedging can

be summarized as follows:

• Firms with low capital and high net worth have higher cash holdings;

• Firms with high capital and low net worth have higher leverage;

• Firms with high net worth are more slack on their lines of credit;

• Firms simultaneously hold cash and debt.

1An exception is Gamba and Triantis [2008].
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4.3 The Model

This section provides a dynamic neoclassical model of investment, financing, and corpo-

rate liquidity. Managers decide at each period in a infinite-horizon environment. This

ensures that they take into account the expected consequences of today’s decisions for

the feasibility of future decisions. They jointly decide over (i) investment in real capital,

(ii) debt and equity issues, (iii) cash holdings, and (iv) state-contingent hedging in order

to maximize shareholders’ wealth. The feasible set of managers’ decisions is limited by

the presence of real and financial frictions. As in Rampini and Viswanathan [2010], dy-

namic debt financing is subject to collateral constraints that limit firms’ debt capacity.

Collateral constraints reflect limited enforcement problems that prevent creditors from

accurately assessing the firm’s ability to repay debt. State-contingent hedging can hence

be interpreted as conserving debt capacity to finance future investments, in presence of

uncertainty and limited debt capacity. State-contingent liquidity management can be

implemented, for example, by loan commitments, or by purchasing traded securities to

hedge shocks which can affect firms’ cash flows and investment opportunities. On the real

side, adjusting the real capital stock entails both fixed and smooth costs, as in Cooper

and Haltiwanger [2006]. In addition, following the existing literature, firms face costly

equity issues, and costs of maintaining cash balances.

4.3.1 Technology and Investment

We consider the problem of a value-maximizing firm in a perfectly competitive environ-

ment. Time is discrete. The operating profit for firm i in period t depends upon the

capital stock ki,t and a shock zi,t, as described by the expression

Π(ki,t, zi,t) = (1− τ)zi,tk
α
i,t − f (4.1)

The production function exhibits decreasing returns to scale with 0 < α < 1. As in Gomes

[2001], we assume there is a per-period fixed production cost f ≥ 0. τ ≥ 0 is the corporate

tax rate. The variable zi,t reflects shocks to demand, input prices, or productivity. zi,t is

assumed to be lognormal and to obey the Markovian law of motion

log(zi,t+1) = µz(1− ρz) + ρz log(zi,t) + σzϵi,t+1 (4.2)

where ϵi,t+1 is a truncated standard normally distributed random variable. The parametriza-

tion in equation (4.2) ensures that the transition probability has the Feller property. In

addition, we require that zi,t lies in a close and bounded (therefore compact) set by im-

posing large bounds on the values of ϵi,t+1. ki,t falls into the compact set [0, K̄] without
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loss of generality. Following Gomes [2001], K̄ can be defined as

Π(K̄, Z̄) = δK̄ (4.3)

where Z̄ in the upper bound for zi,t, and δ is the depreciation rate of capital. Hence, a

capital stock larger than K̄ cannot be observed, because not economically profitable. The

compactness of the state space for ki,t and zi,t, and the continuity of Π(ki,t, zi,t), ensure

that Π(ki,t, zi,t) is bounded. This is a necessary condition for the existence of a solution

for the firm’s problem. At the beginning of each period the firm is allowed to scale its

operations by choosing next period capital stock ki,t+1. This is accomplished through

investment ii,t, which is defined by the standard capital accumulation rule

ki,t+1 = ki,t(1− δ) + ii,t (4.4)

Investment is subject to capital adjustment costs. Following Cooper and Haltiwanger

[2006], we include both fixed and convex adjustment cost components. We parametrize

capital adjustment costs with the following functional form:

Ψ(ki,t+1, ki,t) ≡

(
ψ+
0 ki,t +

1

2
ψ+

(
ii,t
ki,t

)2

ki,t

)
1{ki,t+1>(1−δ)ki,t}+ (4.5)

(
ψ−
0 ki,t +

1

2
ψ−
(
ii,t
ki,t

)2

ki,t

)
1{ki,t+1<(1−δ)ki,t}

where 1{·} is an indicator function, and the parameters ψ+
0 and ψ−

0 govern fixed-adjustment

costs of investing and disinvesting respectively. Non-convex costs of adjustment are typ-

ically intended to capture indivisibilities in capital, increasing returns to the installation

of new capital, and increasing returns to retraining and restructuring of production ac-

tivity. ψ+ and ψ− instead drive the convex component of adjustment costs. We consider

asymmetric adjustment costs because, as in Zhang [2005], disinvesting is typically more

costly than increasing capital. Both convex and non-convex costs are proportional to the

initial capital stock ki,t to eliminate any size effect.

4.3.2 Financing and Liquidity Management

Investment and distributions to shareholders can be financed with three potential sources:

internally generated cash flows, riskfree debt (net of repayments), and external equity. In

addition, firms have the option to hoard cash for future investments. As in Rampini and

Viswanathan [2010], we model one-period state-contingent debt. Formally, (1 + r)bi,t+1(z(i, t+ 1))

represents the face value to be repaid at time t+ 1 in the state of the world s(t+ 1) cor-

responding to the realization of the shock z(i, t + 1), where r is the one-period rate of
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return.2 In other words, the firm is borrowing from deep-pocket lenders who are willing

to lend in all states and dates at the rate of return r. To simplify notation, we introduce

the shorthand bi(s(t+ 1)) for the decision variables bi,t+1(z(i, t+ 1)). The value of new

debt issues at time t in state s(t) is

Et[bi(s(t+ 1))]− (1 + r(1− τ))bi(s(t)) (4.6)

where the operator Et[·] denotes the expectation under the manager’s probability measure

conditional to her information set at time t. In equation (4.6), the term Et[bi(s(t+ 1))]

represents the observed debt stock on the firm balance sheet in period t, which is deter-

mined by risk-neutral security pricing in the capital market.3 1 + r(1− τ) is the effective

interest rate paid by the firm, after accounting for the tax shield of debt. Firms are sub-

ject to collateral constraints, that impose an upper bound on the amount of one-period

state-contingent debt that a firm can issue. Assuming that future cash flows are not

pledgeable, collateral constraints take the form:

(1 + r(1− τ))bi(s(t+ 1)) ≤ θ(1− δ)ki,t+1 (4.7)

Up to a fraction θ of the resale value of the firm’s tangible capital can be used as collateral

for state-contingent debt at time t + 1 in state s(t + 1). Rampini and Viswanathan

[2012a] prove that collateral constraints of this form are equivalent to limited enforcement

constraints. Intuitively, in a dynamic agency problem, the enterpreneur can abscond with

a part of tangible capital. The lender is mindful of this possibility, and she cannot

precisely gauge the firm ability to support debt. Therefore, he imposes participation

and enforcement constraints that limit the share of capital she is willing to finance. We

characterize risk management and the conditional corporate liquidity policy by defining

2Because our focus in not on endogenous costs of distress, as in Hennessy and Whited [2005] we
make the assumption of riskfree debt in the interest of tractability. Given the high number of decision
variables and the presence of occasionally non-binding constraints and non-convex costs, solving the model
is computationally intensive. The introduction of endogenous default costs would disproportionately
increase the computational burden.

3To see this, one can apply the basic asset pricing formula to the state-contingent claim with payoffs
(1 + r)bi(s(t+ 1)) at time t + 1. Today’s market valuation of the debt stock under the measure of
deep-pocket investors is therefore

Et[M(s(t+ 1))(1 + r)bi(s(t+ 1))]

where M(s(t + 1)) is the stochastic discount factor. Under risk neutrality, M(s(t + 1)) = 1
1+r . As a

consequence:

Et

[
1

1 + r
(1 + r)bi(s(t+ 1))

]
= Et[bi(s(t+ 1))]
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conditional hedging hCi (s(t+1)) as the slacks on the state-contingent collateral contraints:

hCi (s(t+ 1)) ≡ θ(1− δ)ki,t+1 − (1 + r(1− τ))bi(s(t+ 1)) (4.8)

The higher hCi (s(t + 1)), the larger the amount of debt capacity the firm is preserving

for possible investment opportunities that may arise conditionally on the realization of

the state s(t + 1). This means that firms can conditionally manage its liquidity, that is

they can preserve their ability to raise debt and support investment in states in which

their cash flows are low, and they have less internally generated resources. There is a

clear-cut tradeoff between conditional hedging against future income shortfalls, and avail-

able funds for current investment. The amount of raised debt Et[bi(s(t+ 1))] in equa-

tion (4.8) is supported by the promised payments in future states. Therefore, the higher

hCi (s(t+1)), the more firms are tranferring resources from today to future states, and the

lower Et[bi(s(t+ 1))]. As Rampini and Viswanathan [2010] discuss, state-contingent debt

contracts can be implemented in practice by arranging loan commitments or purchasing

derivative securities. The model with state-contingent debt bi(s(t+ 1)) is also equivalent

to a model in which debt is not state-contingent, but the firm can conditionally transfer

liquidity by purchasing Arrow-Debreu securities.4

Conditional hedging is not the only way firms can transfer liquid funds. Firms can

hoard cash and implement unconditional hedging. Hoarding cash is equivalent to un-

conditionally transferring resources from today to all future states, including those in

which investment can be financed by internally generated funds. As for conditional hedg-

ing, there is a tradeoff between current investment and saving resources for the future.

However, as we are going to discuss in section 4.4, conditional hedging is preferable to

unconditional hedging because it allows to tranfer resources to the future states where

they are needed the most. Nevertheless, the presence of capital adjustment costs as in

equation (4.5) makes cash hoarding optimal for smaller firms that would not otherwise be

able to invest to an economically profitable scale, even if they exhaust their debt capacity.

For this reason, and consistent with empirical evidence, our model predicts that firms can

simultaneously hold debt and cash instead of using cash for repaying debt. This mech-

anism corroborates the intuition in Acharya et al. [2007] that cash is not negative debt.

We denote cash holdings in period t as ci,t. Firms earn the after-tax riskfree interest rate

r(1 − τ) on their cash balances, but also bear costs for holding them. Previous studies

motivate the costs of holding cash by agency costs, and different lending and borrowing

rates. Following DeAngelo et al. [2011], we model these costs through an ”agency param-

eter” 0 ≤ γ ≤ 1. We interpret γ as the one-period rate to which cash holdings deteriorate

in value. Accordingly, the total hedging for firm i at time t + 1 in state s(t + 1) is the

4Technically, recalling that collateral constraints are equivalent to limited enforcement constraints,
this interpretation is possible because the market is complete in the set of enforceable payoffs.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



138

amount of resources available from both conditional hedging and unconditional hedging,

that is:

hTi (s(t+ 1)) ≡ hCi (s(t+ 1)) + (1 + r(1− τ)− γ)ci,t+1 (4.9)

Finally, the firm can raise external equity. We assume seasoned equity offers are costly,

so that it is never optimal for the firm to simultaneously pay dividends and issue equity.

Following Hennessy and Whited [2005], we model equity flotation costs with a fixed and

a proportional component. We indicate net equity payout at time t as ei,t. When ei,t < 0

the firm is raising equity, while ei,t ≥ 0 means that the firm is making distributions to

shareholders. Equity issuance costs are given by:

(λ0 + λ1|ei,t|)1{ei,t<0} (4.10)

The parameters λ0 ≥ 0 and λ1 ≥ 0 drive the fixed and the proportional component,

respectively. The indicator function denotes that the firm faces these costs only in the

region where the the net payout is negative. Accordingly, distributions to shareholders

di,t are the equity payout net of issuance costs:

di,t = ei,t − (λ0 + λ1|ei,t|)1{ei,t<0} (4.11)

4.3.3 The Firm Problem

Managers determine investment, financing, and risk management to maximize the wealth

of shareholders, which is the risk-neutral security price in the capital market. Hence,

in period t, they decide over real capital ki,t+1, cash ci,t+1, and state-contingent debt

bi(s(t+1)), for each state s(t+1). As we discuss in section 4.3.1, the choice set for capital

is compact. Collateral constraints in equation (4.7) imply that state contingent debt

variables are bounded between 0 and
θ(1−δ)ki,t+1

1+r(1−τ)
. To ensure compactness of the feasible

set for ci,t+1, we impose an arbitrarily high bound C̄ on cash holdings. This bound is

imposed without loss of generality because of the assumption of costly cash balances.

Intuitively, even when the marginal productivity of real capital is low, it is never optimal

for the firm to invest in liquid assets and have unbounded savings. Cash can be distributed

as dividends right away, and shareholders discount future dividends at a rate r per period,

while the rate of return for each unit of cash is r(1 − τ) − γ. The overall choice set is

therefore compact.

Despite the large number of choice variables in the firm problem, the current state

can be more efficiently summarized by introducing realized net worth as a state variable.

Realized net worth at time t in the (realized) state s(t) for firm i is given by:

wi,t ≡ Π(ki,t, zi,t)+ki,t(1−δ)− (1+r(1− τ))bi(s(t))+(1+r(1− τ)−γ)ci,t+ τδki,t (4.12)
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As in Rampini and Viswanathan [2012a], net worth measures the amount of resources that

are available to the firm in a certain state. It includes cash flows from current investment,

value of capital net of depreciation, and value of cash holdings, all net of due debt pay-

ments. Intuitively, net worth is the corporate counterpart of household’s wealth (Rampini

and Viswanathan [2012b]). Therefore, net worth is a measure of how constrained a firm is

in terms of available funds to allocate to investment, risk management, and distributions

to shareholders. In our model, the presence of capital adjustment costs implies that the

current stock of capital ki,t is also a relevant state variable. In fact, the knowledge of net

worth and of the choice variables does not suffice to determine distributions to sharehold-

ers di,t that appear in the objective function, because the adjustment costs Ψ(ki,t+1, ki,t)

also directly depend on the current stock of capital. The current state is therefore sum-

marized by the vector (wi,t, ki,t, zi,t). The set of state variables is compact because ki,t

and zi,t are bounded, and from equation (4.12) it is straightforward that net worth lies in

a closed and bounded interval [W
¯
, W̄ ].

Investment, financing, and liquidity management decisions are intimately related.

They should satisfy the following budget identities between sources and uses of funds

both at time t, and for each state at time t+ 1:

wi,t + Et[bi(s(t+ 1))] = ei,t + ki,t+1 +Ψ(ki,t+1, ki,t) + ci,t+1 (4.13a)

wi(s(t+ 1)) = Π(ki,t+1, zi,t+1) + ki,t+1(1− δ)− (1 + r(1− τ))bi(s(t+ 1))+

+ (1 + r(1− τ)− γ)ci,t+1 + τδki,t (4.13b)

where wi(s(t+ 1)) denotes net worth at time t+ 1 is state s(t+ 1).

The firm objective function is to maximize the equity value V (ki,t, wi,t, zi,t), that is the

discounted value of distributions to shareholders. By the Bellman’s principle of optimality,

the equity value be computed as the solution to the dynamic programming problem

V (ki,t, wi,t, zi,t) = max

{
0, max

ki,t+1,ci,t+1,bi(s(t+1))

{
di,t +

1

1 + r
Et[V (ki,t+1, wi,t+1, zi,t+1)]

}}
(4.14)

subject to the constraints in (4.4), (4.5), (4.7), (4.11), and (4.13). In equation (4.14),

V (ki,t+1, wi,t+1, zi,t+1) denotes the continuation value for equity, which depends on the

future state (ki,t+1, wi,t+1, zi,t+1) and on the values of the choice variables at time t. The

first maximum captures instead the possibility of default in current period, in which case

the shareholders get nothing. To sum up, the complete firm problem is the following:

V (ki,t, wi,t, zi,t) = max

{
0, max

ki,t+1,ci,t+1,bi(s(t+1))

{
di,t +

1

1 + r
Et[V (ki,t+1, wi,t+1, zi,t+1)]

}}
(4.15)
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s.t.

wi,t + Et[bi(s(t+ 1))] ≥ ei,t + ki,t+1 + ci,t+1 +Ψ(ki,t, ki,t+1) (4.16a)

wi(s(t+ 1)) ≤ (1− τ)Π(ki,t+1, zi,t+1) + ki,t+1(1− δ)− (1 + r(1− τ))bi(s(t+ 1))+

+ (1 + r(1− τ)− γ)ci,t+1 + τδki,t+1 ∀s(t+ 1)

(4.16b)

(1 + r(1− τ))bi(s(t+ 1)) ≤ θ(1− δ)ki,t+1 ∀s(t+ 1)

(4.16c)

bi(s(t+ 1)) ≥ 0 ∀s(t+ 1)

(4.16d)

ci,t+1 ≥ 0 (4.16e)

4.3.4 Model Solution

Because of the presence of occasionally non-binding collateral constraints, and because

costs of equity issues and capital adjustment depend on indicator functions, the model

cannot be solved numerically by interior points methods. In principle, the model could

be solved on a discrete grid by value function iteration or policy function iteration. The

Bellman operator in equation (4.14) is indeed a contraction mapping, in that Blackwell’s

sufficient conditions hold in this framework. Therefore, the fixed point of the functional

equation (4.14) is well-defined. For a standard formal proof in a similar framework, we

refer to Hennessy and Whited [2005]. Unfortunately, there is a computational hurdle that

prevents the solution of the model with standard techniques. Due to the large number

of control variables (capital, cash, and one debt variable for each future state), value

function iteration and policy iteration cannot be practically implemented. In particular,

the maximization step is critical. Determining for each state the combination of control

variables that maximizes the sum of distributions and the continuation value implies to

store and maximize over a vector of nk×nc×nbnz elements, where nk, nc, nb, and nz are

the number of grid points for capital, cash, debt, and the shock. As in Rust [1997], this

problem is plagued by a curse of dimensionality, since the amount of computer memory

and CPU time required increases exponentially with the number of control variables. As

a consequence, even for modest values for nz, such a vector becomes too large even to be

stored.

We overcome this difficulty by exploiting the linear programming representation of

dynamic programming problems with infinite horizon (Ross [1983]), as in Trick and Zin

[1993], and Trick and Zin [1997]. This technique has not been historically widely used.

Despite it often allows to achieve significant speed gains over iterative methods, it requires

in turn to store huge matrices and arrays that make it impractical for complex enough
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models. Specifically, we extend the constraint generation algorithm developed by Trick

and Zin [1993], and we rely on a separation oracle, an auxiliary mixed integer program-

ming problem, to avoid dealing with large vectors at all. As in Trick and Zin [1993],

the contrained generation algorithm converges to the fixed point faster than traditional

iterative methods. Moreover, the separation oracle allows to efficiently implement the

maximization step because of a remarkable feature of our model, namely the relatively

small number of state variables in spite of the large number of control variables. With

this method, we manage to solve the model in a reasonable time (around ten minutes on

our workstation).

4.4 Investment, Financing, and Liquidity Manage-

ment

4.4.1 Hedging Formulation

Lemma 6 (Hedging formulation)

The constrained optimization problem (4.15) is equivalent to:

V (ki,t, wi,t, zi,t) = max

{
0, max

ki,t+1,hU
i,t+1,h

C
i (s(t+1))

{
ei,t − Λ(ei,t) +

1

1 + r
Et[V (ki,t+1, wi,t+1, zi,t+1)]

}}
(4.17)

s.t.

wi,t ≥ ei,t + Et

[
hCi (s(t+ 1))

1 + r(1− τ)

]
+

hUi,t+1

1 + r(1− τ)− γ
+ Pki,t+1 +Ψ(ki,t, ki,t+1) (4.18a)

wi(s(t+ 1)) ≤ (1− τ)Π(ki,t+1, zi,t+1) + (1− θ)(1− δ)ki,t+1 + τδki,t+1 + hTi (s(t+ 1)) ∀s(t+ 1)

(4.18b)

hCi (s(t+ 1)) ≥ 0 ∀s(t+ 1)

(4.18c)

hCi (s(t+ 1)) ≤ θ(1− δ)ki,t+1 ∀s(t+ 1)

(4.18d)

hUi,t+1 ≥ 0 (4.18e)

where P ≡ 1 − θ(1−δ)
1+r(1−τ)

is the fraction of each unit of capital paid down by the firm at

time t, hCi (s(t+ 1)) ≡ θ(1− δ)ki,t+1 − (1 + r(1− τ))bi(s(t+ 1)) is conditional hedging for

state s(t+ 1), hUi (s(t+ 1)) ≡ hUi,t+1 = (1+ r(1− τ)− γ)ci,t+1 is unconditional hedging for

all states at time t+ 1, and hTi (s(t+ 1)) ≡ hCi (s(t+ 1)) + hUi,t+1 is total hedging.

The hedging formulation is particularly instructive because it emphasizes the role of dy-

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



142

namic liquidity management. The problem (4.17) can be equivalently interpreted as a

problem where firms pledge all their collateral, and transfer resources (net worth) from t

to t+1 both conditionally, to specific states, and unconditionally, to all future states. Re-

garding conditional liquidity, firms decide to purchase
hC
i (s(t+1))

1+r(1−τ)
Arrow-Debreu securities

at time t in order to obtain a payoff of hCi (s(t + 1)) is state s(t + 1) next period. Con-

straints (4.18c) and (4.18d) impose bounds on the amount of conditional hedging the firm

can implement. The collateral constraint imposes a lower bound, that corresponds to ex-

hausting all debt capacity. Constraint (4.18d) states that the maximum amount of liquid

funds that a firm can transfer to state s(t+1) corresponds to its debt capacity, that is to

the firm having zero debt due in state s(t+1). Unconditional hedging instead consists of

hoarding an amount of cash
hU
i,t+1

1+r(1−τ)−γ
, in order to get to obtain a payoff hUi,t+1 in all future

states at time t+1. The hedging formulation provides a preliminary intuition on the dif-

ferent nature of conditional and unconditional liquidity management. Equations (4.18a)

and (4.18b) hint that transferring liquid funds conditionally is more efficient than doing

so unconditionally if the firm needs to transfer resources only to some states (for example

to bad states). Transferring funds to future states involves subtracting resources available

to be distributed to shareholders ei,t and to be paid down to make investment possible

Pki,t+1 + Ψ(ki,t, ki,t+1). If, for example, a firms needs to transfer an amount M only to

the specific state s(t+1) (for example the lowest state), the amount of resources it needs

at time t is π(s(t), s(t + 1)) M
1+r(1−τ)

, where 0 ≤ π(s(t), s(t + 1)) < 1 is the transition

probability from state s(t) to state s(t+1). On the contrary, implementing unconditional

hedging for the same purpose would require to subtract M
1+r(1−τ)−γ

. So, why should firms

engage in unconditional liquidity management at all? Constraint (4.18d) states that the

maximum amount of liquid funds that a firm can transfer conditionally is bounded by its

total debt capacity θ(1 − δ)ki,t+1. Therefore, whenever it is optimal for the firm to have

total hedging greater than this amount, hoarding cash becomes necessary. As a result,

endougenously, cash is not negative debt, and consistent with empirical evidence we can

observe firms simultaneously holding cash and debt.5 As the quantitative analysis in sec-

tion 4.5 emphasizes, capital adjustment costs Ψ(ki,t, ki,t+1) play an important role, both

qualitatively and quantitatively. Specifically, they allow to differentiate between firms

that are constrained in terms of net worth, and small firms, and rationalize patterns that

are observed in the data. Equation (4.18a) points up that different current and future

investment needs yield to different needs of tranferring net worth to future states. This

creates sharp differences in corporate liquidity policy of large and small firms. Suppose,

for example, that adjustment costs are quadratic in the investment-to-capital ratio. With

5As DeAngelo et al. [2011] discuss, in frameworks in which firms never optimally hold cash and
debt together, it is not necessary to model them using two separate positive control variables. In our
model, letting negative debt being cash by relaxing constraint (4.18d) would not only prevent firms from
simultanously holding cash and debt, but also assume that state-contingent cash securities exist, which
is unrealistic.
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decreasing returns to scale, small firms with high investment needs would be better off

in spreading investment over multiple periods to avoid incurring disproportionately high

adjustment costs. Therefore, they may find optimal to hedge more, by saving debt ca-

pacity in a state contingent and possibly by hoarding cash. This creates a dependence

between investment and liquidity needs, and, as a consequence, between size and risk

management.

4.4.2 Optimal Policy

Proposition 4 (Optimality conditions)

Denote by λw,
π(s(t),s(t+1))λw

s(t+1)

1+r
,

π(s(t),s(t+1))λC
s(t+1)

1+r
,

π(s(t),s(t+1))λ
C
s(t+1)

1+r
, and λU the multipli-

ers on constraints (4.18a), (4.18b), (4.18c), (4.18d), and (4.18e) respectively, where

π(s(t), s(t+ 1)) is the Markovian transition probability from state s(t) to state s(t + 1).

Assume that the equity cost function Λ(ei,t) is differentiable in e(i, t).6 Then, the first

order conditions for the hedging formulation (4.17) can be expressed as follows:

λw = 1− ∂Λ(ei,t)

∂ei,t
(4.19a)

λw(P +
∂Ψ(ki,t, ki,t+1)

∂ki,t+1

) =
1

1 + r
Et[λ

w
s(t+1)V

k(s(t+ 1)) + λ
C

s(t+1)H
k] (4.19b)

λw
1

1 + r(1− τ)− γ
=

1

1 + r
Et[λ

w
s(t+1)] + λU (4.19c)

1

1 + r(1− τ)
λw = [(λCs(t+1) − λ

C

s(t+1)) + λws(t+1)]
1

1 + r
∀s(t+ 1) (4.19d)

where

V k(s(t+ 1)) = (1− τ)
∂Π(ki,t+1, zi,t+1)

∂ki,t+1

+ τδ + (1− θ)(1− δ) ∀s(t+ 1) (4.20a)

Hk = θ(1− δ) (4.20b)

The envelope conditions imply:

∂V (wi,t, zi,t)

∂wi,t

= λw (4.21a)

∂V (wi,t+1, zi,t+1)

∂wi,t+1

= λws(t+1) ∀s(t+ 1) (4.21b)

6In our model, we choose a functional form for equity flotation costs with a fixed and a proportional
component, which is non-differentiable for e(i, t) = 0 (its derivative at zero exists only in a distributional
sense). This assumption is not critical for our qualitative analysis. Alternatively, one can approximate
Λ(ei,t) with 0.5(1+tanh(Ne(i, t))), with N large enough, in the neighborhood of zero. A similar argument
applies to the adjustment cost function Ψ(ki,t, ki,t+1) in case fixed costs are included.
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Moreover, the investment Euler equation is:

P +
∂Ψ(ki,t, ki,t+1)

∂ki,t+1

= Et[M
w(s(t), s(t+1))V k(s(t+1))]+Et[M

h(s(t), s(t+1))Hk] (4.22)

where Mw(s(t), s(t + 1)) ≡ 1
1+r

λw
s(t+1)

λw and Mh(s(t), s(t + 1)) ≡ 1
1+r

λ
C
s(t+1)

λw are stochastic

discount factors. In addition:

Mw(s(t), s(t+ 1)) =
1

1 + r(1− τ)
− 1

1 + r

λCs(t+1) + λ
C

s(t+1)

λw
(4.23)

The optimality conditions illustrate how investment, financing, liquidity and payout

policies are intimately related, and shed light on the qualitative mechanism that drive

firm’s decisions. Moreover, they allow to understand the rationale for liquidity manage-

ment, and which future states firms optimally hedge. Since the problem has no closed-

form solution, the following analysis relies on the economic interpretation of the Lagrange

multipliers as shadow values.

Equation (4.19b) relates the costs and benefits of investing an additional unit of real

capital at time t + 1. The left hand side represent the marginal cost of investing. An

additional unit of capital requires that the firm puts P money down and pays capital ad-

justment costs. The cost of doing so is (P +
∂Ψ(ki,t,ki,t+1)

∂ki,t+1
)λw. The multiplier λw accounts

for the shadow loss in firm value of relaxing the resource constraint (4.18a) at time t

(resource constraints are always binding). The right hand side is the marginal benefit of

an additional unit of investment, discounted back to time t by the shareholders’ discount

factor 1
1+r

. The benefits correspond to the two terms on the right hand side. First, the

expected value of the additional investment V k(s(t+ 1)) across all future possible states,

that consists of marginal changes in profits, of tax benefits, and of the liquidation value of

the share of capital not pledged to lenders. Second, the expected increase in debt capacity

available for conditional hedging Hk in all states. The multipliers λws(t+1) and λ
C

s(t+1) in-

stead account respectively for the additional future net worth (constraint (4.18b)), and for

the additional debt capacity (constraint (4.18d)) available to transfer conditional liquidity

to state s(t+ 1) because of the additional unit capital installed (in case this constraint is

binding).

Marginal cost of investment︷ ︸︸ ︷
λw(P +

∂Ψ(ki,t, ki,t+1)

∂ki,t+1

) =

Marginal benefit of investment︷ ︸︸ ︷
1

1 + r
Et[λ

w
s(t+1)V

k(s(t+ 1))︸ ︷︷ ︸
Net worth

+ λ
C

s(t+1)H
k]︸ ︷︷ ︸

Debt capacity

(4.24)

Equation (4.19c) describes the unconditional liquidity policy of the firm. Similar to

equation (4.19b), the left-hand side λw 1
1+r(1−τ)−γ

is the cost of allocating a unit of current

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



145

net worth to cash hoarding, in order to tranfer one unit of cash to all future states at t+1.

The right-hand side is the value of this additional unit of net worth available in all states
1

1+r
Et[λ

w
s(t+1)]. In addition, the term λU accounts for the possibility that the constraint

on positive cash is binding.7

Marginal cost of unconditional liquidity︷ ︸︸ ︷
λw

1

1 + r(1− τ)− γ
=

Marginal benefit of unconditional liquidity︷ ︸︸ ︷
1

1 + r
Et[λ

w
s(t+1)]︸ ︷︷ ︸

Net worth

+ λU︸︷︷︸
Positive cash holdings

(4.25)

Equation (4.19d) describes the conditional liquidity policy of the firm. As for uncon-

ditional liquidity management, the marginal cost of allocating one unit of net worth to

risk management is λw 1
1+r(1−τ)

(the agency parameter γ > 0 makes it more costly for

unconditional hedging). It is however more interesting to examine the right-hand side,

and to compare it to the optimality conditions for unconditional liquidity management

in equation (4.19c). As for cash hoarding, the benefits are discounted to time t through

the manager’s discount factor 1
1+r

. However, the value of additional net worth potentially

available for the state s(t + 1) is λws(t+1). In equation equation (4.19c), the value of the

net worth tranferred to state s(t + 1) is only π(s(t), s(t + 1))λws(t+1).
8 This supports the

statement in section 4.4.1 that conditional liquidity management is preferrable to uncon-

ditional liquidity management because with the same amount of net worth at time t it

allows to transfer more resources to a specific state s(t+1). The term λCs(t+1)−λ
C

s(t+1) in-

stead illustrates why firms may be interested in managing its liquidity both conditionally

and unconditionally at the same time. Specifically, since in our model conditional hedging

can be implemented only saving debt capacity in a state contingent way, the amount of

conditional liquidity is limited by the constraints (4.18c) and (4.18d). The term λCs(t+1)

accounts for the presence of occasionally binding state-contingent collateral constraints,

that may become active and limit the amount of state-contingent debt that a firm can

hold given the amount of pleadgeable capital ki,t+1. Simmetrically, the multiplier λ
C

s(t+1)

is different from zero in case the firm would like to transfer more resources conditionally,

but its amount is limited because the firm has alredy zero debt due in state s(t + 1).

The limited amount of implementable conditional hedging through liquidity management

implies that firms can simultaneously hold cash and debt. To see this, suppose that the

firm is interested in hedging a specific state, such as the lowest state s, as much as pos-

7This term is more meaningful in case we interpret the first-order condition on unconditional hedging
for a reduction of one unit. In this case, the marginal benefit is the additional amount λw 1

1+r(1−τ)−γ

available at time t for investment, distributions, and conditional hedging, and the marginal cost is the
sum of the value of one less unit of net worth available in all states, and of the shadow value of being
able to reduce further cash if constraint (4.18e) binds.

8To better see this, notice that the expectation in equation (4.19c) is
∑S

s=1 π(s(t), s)λ
w
s , where S is

the total number of states.
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sible. Ceteris paribus, the maximum amount of resources that the firm can tranfer to

s corresponds to exhausting all debt capacity in all states except s. This implies that

no debt is due in state s. Moreover, the firm can transfer the net worth raised by the

state-contingent debt issues in all states excluding s, to all future states, including s, by

hoarding cash. As a result, the firm would hold cash and debt together.

Marginal cost of conditional hedging︷ ︸︸ ︷
1

1 + r(1− τ)
λw =

Marginal benefit of conditional liquidity︷ ︸︸ ︷
[ (λCs(t+1) − λ

C

s(t+1))︸ ︷︷ ︸
Limited conditional liquidity

+ λws(t+1)︸ ︷︷ ︸
Net worth

]
1

1 + r
∀s(t+ 1)

(4.26)

The payout policy instead balances the marginal cost of allocating a unit of net worth

to dividend distributions or, viceversa, to issue equity to increment net worth by one unit.

In case of equity issues, there is not a one-to-one correspondence between raised equity

and increased net worth because of equity flotation costs.

Marginal benefit of issuing equity︷︸︸︷
λw︸︷︷︸

Marginal cost of paying dividends

=

Marginal cost of issuing equity︷ ︸︸ ︷
1︸︷︷︸

Marginal benefit of paying dividends

−∂Λ(ei,t)
∂e

(4.27)

The Euler condition (4.22) clarifies the important matter of the firm’s rationale for

liquidity management, and of which states it is optimal to hedge. The Euler equation can

be interpreted as a pricing relationship. The left-hand side can be seen as the valuation of

the paid down share P +
∂Ψ(ki,t,ki,t+1)

∂ki,t+1
per unit of capital. The right-hand hand side shows

that this value is supported by two terms. The term Et[M
w(s(t), s(t + 1))V k(s(t + 1))]

is the stochastically discounted valuation of the benefits V k(s(t + 1)) of investing an

additional unit. Mw(s(t), s(t + 1)) is the firm’s stochastic discount factor, and is equal

to 1
1+r

λw
s(t+1)

λw . The concavity properties of the value function imply that the marginal

value of a certain level of net worth is higher in bad times, so that the stochastic discount

factor puts more weight on bad states through the Lagrange multipliers. Indeed, envelope

conditions (4.21a) and (4.21b) show how Langrange multipliers are related to the shape of

the value function, so that λws(t+1) is decreasing in wi(s(t+1)). In a valuation perspective,

since a larger share of P is supported by those states, the firm behaves as if it were risk-

averse. This provides incentives to implement liquidity management by preserving net

worth for investments and distributions for bad future states, where internally generated

cash flows and future realized net worth are, other conditions equal, lower. Viceversa, the

payoff from investments V k(s(t+1)) suggests that the firm may want to hedge good states

as well. If the law of motion of shocks to capital productivity zi,t is persistent enough,

the payoff of investing in good (bad) times is higher (lower) because the firm expects a

sequence of good (bad) shock realizations. The firm will therefore save resources for good
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states and boost investment in good times. If this is the case, the marginal value of net

worth is not necessarily lower in bad states anymore. An instructive benchmark case is the

case with independent productivity shocks. In such a scenario, the expected productivity

of capital
∂Π(ki,t+1,zi,t+1)

∂ki,t+1
is independent of the current state. As a consequence, firms only

hedge bad states because of the properties of the discount factor Mw(s(t), s(t + 1)). In

practice, however, the productivity process in quite persistent. Therefore, the matter of

whether firms hedge good or bad states (or both), and how much, is a purely quantitative

question. Also, it is a quantitative question whether firms hedge at all. As in Rampini and

Viswanathan [2012a], firms that are particularly constrained may not hedge, and prefer

to allocate their scarce resources to current investment and distributions. The second

term on the right-hand side instead Hk reflects that capital is valuable also because

it serves as collateral, it increases debt capacity and, as a consequence, the amount of

conditional liquidity management implementable in all states. The stochastic discount

factorMh(s(t), s(t+1)) depends on the multiplier λ
C

s(t+1). Therefore, the value of increased

debt capacity is higher is states where firms hold no debt because conditional liquidity is

more valuable.

Value of paid-down capital︷ ︸︸ ︷
P +

∂Ψ(ki,t, ki,t+1)

∂ki,t+1

=

Discounted investment profits︷ ︸︸ ︷
Et[M

w(s(t), s(t+ 1))V k(s(t+ 1))]+

Debt capacity︷ ︸︸ ︷
Et[M

h(s(t), s(t+ 1))Hk]

(4.28)

Finally, equation (4.23) explicitly relates the stochastic discount factor Mw(s(t), s(t+

1)), which appears in the investment Euler equation, to the hedging policy of the firm.

The multipliers λCs(t+1), and λ
C

s(t+1) differ from zero respectively when the firm exhausts all

its debt capacity in state s(t+1), and when the firm has zero debt in state s(t+1). These

multipliers enter the Euler equation because of market incompleteness. Given the stochas-

tic nature of the model, firms anticipate that colleteral and debt positivity constraints

may bind in the future, and this affect their investment and liquidity management policy.

By transferring liquid funds conditionally, the firm can therefore influence the relative im-

portance of different states for determining the value of paid-down capital. For example,

if a company borrows constrained in the low state s and saves all its debt capacity for

future investment in the high state s, the stochastic discount factor puts more weight on

the high state, namely 1
1+r(1−τ)

+ 1
1+r

λ
C
s

λw versus 1
1+r(1−τ)

− 1
1+r

λC
s

λw .

Mw(s(t), s(t+ 1)) =
1

1 + r(1− τ)︸ ︷︷ ︸
Unconditional component

− 1

1 + r

Debt capacity︷ ︸︸ ︷
λCs(t+1) +

Positive debt︷ ︸︸ ︷
λ
C

s(t+1)

λw︸ ︷︷ ︸
State-contingent component

(4.29)
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4.4.3 Numerical Illustration

We provide numerical examples to illustrate the analytical analysis in section 4.4.2, and

to better understand the qualitative importance of different types of capital adjustment

costs for corporate investment and liquidity policy. In the interest of clarity, in all the

examples we solve the model with three possible states and in absence of equity issues, and

report the policy for the middle state. The details of the parametrizations are reported

in the captions of figures 4.2 to 4.7.

Figure 4.2 refers to the case with no adjustment costs and independent investment

opportunities. Specifically, Markovian transition probabilities are uniform (equal to one

third for each pair of states), so that the expected capital productivity is the same for

every state at time t. Panels A and B depict investment and payout as a function of

current net worth. Similar to Rampini and Viswanathan [2012a], there esist a threshold

of net worth below which investment is increasing, and dividends are zero. Above the

threshold investment is constant and dividends are linear. Panel C shows that the value

function is weakly concave in net worth. This is an important property, because the firm’s

stochastic discount factor in equation (4.28) is equal to 1
1+r

λw
s(t+1)

λw . As a consequence, the

firm behaves as if risk averse with respect to net worth. Such a behavior is clearly visible

in panel F. As we pointed out in the previous section, with independent productivity, the

firm implements downstate hedging. In this example, it saves all its debt capacity for the

low state for almost all levels of net worth. The dashed line (conditional hedging for the

low state), and the thin line (available debt capacity) are indeed very close. The amount

of hedging decreases for the middle states (solid line), and is equal to zero for the high

state (dashed-dotted line). Panel E shows the cash policy of the firm. When hedging

needs exceed the available debt capacity, that is the amount of implementable conditional

hedging, and the firm is unconstrained enough in terms of net worth, it implements

unconditional hedging too. This way, additional resources are transferred to the low

state. As a consequence, as panel D depicts, cash is not negative debt, and it is optimal

for the firm to simultaneously hold them.

[Insert Figure 4.2 Here]

Figure 4.3 removes the assumption of independent investment opportunities, and in-

troduces some persistence. In particular, the firm has now a probability of one half to

stay in the current state, and of one quarter to move to another state. The policy is

generally similar to that in figure 4.2, except for conditional liquidity management. The

dashed-dotted line in Panel F is no longer equal to zero, meaning that the firm hedges

upstate as well. Intuitively, with independent investment opportunities, the firm has no

incentive to hedge the state where the marginal value of future net worth is lower. How-

ever, as equation (4.28) states, if there is a high probability that periods of high profits
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are followed by periods of high profits, expected future productivity is higher in good

states. Therefore, the firm may rationally save resources for future investments in states

where investment opportunities are likely to remain good.

[Insert Figure 4.3 Here]

Figures 4.4 to 4.7 emphasize the importance of capital adjustment costs to disentangle

net worth from capital, and rationalize the patterns in table 4.1. We consider, one at a

time, the four types of adjustment costs in the general functional form (4.5), namely

convex investment costs, fixed investment costs, convex disinvestment costs, and fixed

disinvestment costs. This approach allows to see how the firm implements conditional and

unconditional liquidity management for investment and disinvestment motives. Moreover,

we can assess how the investment, liquidity, and risk management policy differs if we

consider either fixed or smooth costs.

Figure 4.4 illustrates investment and liquidity management in presence of smooth in-

vestment costs. Panels A to C show how, for some values of the current capital stock,

the policy is similar to the case with no adjustment costs. Conditional on capital, uncon-

strained firms transfer more liquidity, both conditionally and unconditionally. However,

Panels D to F depict how the level of current capital now influences investment and hedg-

ing decisions, conditional on net worth. Panel D reports the optimal investment-to-capital

ratio as a function of firm’s size. Because of decreasing returns to scale in the produc-

tion function, capital installment is relatively more profitable for small firms, which have

higher investment needs. Because adjustment costs are quandratically increasing in the

investment-to-capital ratio, smaller firms cannot istantaneously adjust to the desired cap-

ital level. Partial adjustment is hence optimal, and small firms transfer net worth for

(costly) investment to future states, both conditionally (panel F), and unconditionally

(panel E). This behavior results in small firms having more cash. Remarkably, these pat-

terns are qualitatively consistent with the stylized facts we revisit in the two-way sorts of

table 4.1.

[Insert Figure 4.4 Here]

Figure 4.5 shows instead the case of liquidity management for investment in presence

of fixed capital adjustment costs. As panel D clearly shows, the firm has a standard (S,s)

policy as a function of current capital.9 In the figure, k∗ denotes the ”frictionless” level

of capital in absence of investment adjustment costs, defined as in Caballero et al. [1995],

and Caballero and Engel [1999]. Intuitively, the more the firm deviates from the ”target”

level, the higher the cost it bears. As a consequence, when the disequilibrium |ki,t − k∗|
is large, it is optimal to pay the fixed cost and to re-adjust the capital level to k∗. This

9For an exhaustive treatment of models with fixed costs we refer to Stokey [2008].
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policy determines an inaction region bounded by the low barrier kD, and by the high

barrier kU . In this region, optimal investment is zero. Panels E and F emphasize how

firms transfers conditional and unconditional liquid funds precisely in the inaction region.

Intuitively, since they are not currently investing, they transfer some net worth to future

states, instead of paying it off as dividends.

[Insert Figure 4.5 Here]

Finally, figures 4.6 and 4.7 analyze the case of costly disinvestment with convex and

fixed costs respectively. In these cases, firms implement conditional and unconditional

liquidity management to cover future costs of disinvestment. This mechanism is similar

to the one in Gamba and Triantis [2008], where firms hold cash and debt together because

of the presence of transaction costs of issuing debt. Panel F of figure 4.6 shows how the firm

hedges the low state, where disinvestment needs, and costs, are higher. In addition, if the

firm is small, current investment needs are high, as panel D depicts. As a consequence,

the firm borrows constrained against the middle and the good state, and hoards cash

(Panel E) to transfer additional net worth to the bad state as well.

[Insert Figure 4.6 Here]

In the case with fixed disinvestment costs, the firm still transfers resources to the low

state (Panel F). In the inaction region, collateral constraints imply that the firm’s debt

capacity is higher because of the capital in excess to the ”frictionless” target capital stock.

Therefore, in this region, firms are able to save more conditional liquidity for the bad state,

and they need to hoard less cash, as Panel E shows. In this example, also large firms hold

cash. Different from the investment case, disinvestment generates internal resources from

capital liquidation. Firms can keep part of these resources as cash reserves, and hedge

future investment and disinvestment needs.

[Insert Figure 4.7 Here]

In the full model, all these types of adjustment costs are present. Therefore, it is a

quantitative question how much each type of cost is important, and whether firms hedge

mainly for either investment or disinvestment reasons. In sections 4.5 and 4.6 we analyze

the quantitative implications of the model.
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4.5 Calibration and Identification

In order to assess the quantitative implications of the model, and to perform counter-

factual comparative statics, we calibrate the model to match a set of data moments.

In this process, it is important to understand how the parameters of the model can be

identified. Ideally, a one-to-one mapping between the structural parameters and a set

of data moments provides a sufficient condition for identification. Such a close mapping

in difficult to obtain in every economic model, and all the model parameters affect all

the data moments to some extent. However, although firm’s investment, financing, and

liquidity management decisions are intertwined, we can still classify the moments roughly

as representing the firm’s investment, financing, and hedging decisions. We first discuss

the implementation of state-contingent debt with credit lines. This provides a mapping

between the concept of conditional liquidity in the model, and the data of leverage an

lines of credits from Compustat and Capital IQ. Then we describe how parameter values

are set, and discuss the quantitative performance of the model.

4.5.1 Implementation with Lines of Credit

As we discuss in Section 4.2, conditional liquidity management entails transfers of net

worth to specific states, which are inherently unobservable. This feature renders our

structural approach particularly suitable to investigate corporate liquidity management.

To identify conditional liquidity management, we take advantage of data on credit lines

from the Capital IQ dataset. Capital IQ reports the drawn fraction of funds from firms’

credit lines. This metric is particularly useful because, consistent with the model, reflects

differences in the fraction of debt capacity that firms preserve to conditionally transfer

liquidity. The following proposition shows how state-contingent debt can be implemented

in the model with a combination of traditional state-uncontingent debt intruments, such

as bank loans or corporate bonds, and lines of credit.

Proposition 5 (Implementation with Credit Lines) State-contingent debt bi(s(t+ 1))

can be implemented by the following combination of securities: state-uncontingent debt Di,t+1 ≥
0, and a secured line of credit CL

i (s(t+ 1)), with interest rate r, and limit Ci,t+1. The firm

arranges a loan Li,t at time t of size

Li,t = Et

[
Di,t+1

1 + r(1− τ)

]
(4.30)

where the uncontingent debt claim is

Di,t+1 = (1 + r(1− τ))Et[bi(s(t+ 1))] (4.31)
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and saves state-contingent debt capacity by drawing (1+r(1−τ))(Et[bi(s(t+1))]−bi(s(t+1)))

from the credit line in each state s(t+ 1) ∈ S, that is:

CL
i (s(t+ 1)) = (1 + r(1− τ))(Et[bi(s(t+ 1))]− bi(s(t+ 1))) (4.32)

The limit of the credit line is defined as

Ci,t+1 = (1 + r(1− τ))Et[bi(s(t+ 1))]

The proposition illustrates how firms can implement conditional liquidity management

combining available securities, namely standard debt and credit lines. This provides a

mapping between the variables in the model and the corresponding data moments. We

use this mapping to compare the mean, the variance, and the serial correlation of undrawn

debt capacity in the model and in the data. More precisely, in this implementation firms

borrow the expected amount of required debt financing Et[bi(s(t + 1))] using standard

uncontingent debt. Liquidity is then drawn from credit lines to fulfill unanticipated fund-

ing needs in the amount (1 + r(1− τ))(Et[bi(s(t+ 1))]− bi(s(t+ 1))) in each future state

s(t + 1). The limit Ci,t+1 on the credit line is set such that the total amount borrowed

never exceeds the firm’s debt capacity θ(1− δ)ki,t+1.

Of course, the implementation with credit lines is not the only possibility for firms to

engage in conditional liquidity management. For example, as Rampini and Viswanathan

[2010] discuss, other possibilities involve the use of forwards and futures. In general,

the state-contingent debt variables bi(s(t+ 1)) in the model encompass different possible

implementations. However, in quantitative analyses, taking a stand on a specific imple-

mentation provides a closer mapping between the model and the data. In this respect, as

we discuss in Section 4.2, credit lines appear to be very important in practice, while even

larger firms appear to implement little hedging through financial derivatives. For these

reasons, and because of data limitations, we rely on the implementation in Proposition 5

in the following quantitative analysis.

4.5.2 Parameter Values and Model Fit

The model parameters we set in order to obtain a close match between the simulated

data moments from the model, and the real data moments, are the production function

curvature α, the operating leverage parameter f , the shock serial correlation ρz, the shock

standard deviation σz, the fixed and convex physical adjustment cost parameters ψ+
0 , ψ

−
0 ,

ψ+, and ψ−, the debt capacity parameter θ, the agency parameter γ, and the equity

issuance fixed and proportional unit costs λ0, and λ1.
10

10Following DeAngelo et al. [2011], we instead fix the tax rate parameter τ to the the statutory tax
rate in the United States (0.35), the interest rate r to be approximately equal to the real interest rate in
the 20th century (0.015), and δ to be approximately equal to the depreciation rate in our sample (0.15).
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We pick 19 moments to match. On the investment side, we choose moments that relate

to operating income, investment, and Tobin’s Q. Average operating income is primarily

affected by the curvature of the production function α, and by the operating leverage

parameter f . The variance of operating income and its first-order autocorrelation instead

capture the parameters σz and ρz that govern the dynamics of the shock process zi,t. The

investment moments we match are the mean, the variance, the serial correlation, and the

skewness of investment. These moments are not only affected by the parameters α, σz, and

ρz, but also help pin down the capital adjustment cost parameters ψ+
0 , ψ

+, ψ−
0 , and ψ

−.

Higher values of ψ−
0 , and ψ

+
0 lead to more volatile, less autocorrelated, and more skewed

investment. Higher ψ+ and ψ− result in less volatile, and more serially autocorrelated

investment. Also, the debt capacity parameter θ has an impact on investment variance and

skewness, because financing and investment are linked through state-contingent collateral

constraints. Finally, average Tobin’s Q is affected by all the parameters in the models,

especially by σz and ρz, by the adjustment cost parameters, and by the fixed operating

costs f .

On the financing side, we consider mean, average, and serial correlation of leverage,

average equity issues, and their variance. The leverage moments are affected by all pa-

rameters in the model, and especially by θ. The mean and variance of equity issues help

identify λ0 and λ1. The remaining moments pertain to the conditional, and unconditional

hedging policy. We choose to match mean, variance and serial correlation for both cash

holdings, and undrawn credit from firms’ credit lines. As we illustrate in section 4.4,

all these moments are affected by the dynamics of the shock process, and by the capi-

tal adjustment cost parameters. Moreover, the agency parameter γ affects average cash

holdings. Finally, θ plays a very important role for the tradeoff between conditional, and

unconditional liquidity management. Higher values of θ imply that the amount of liquid

funds which can be transferred conditionally is higher. As a consequence, the higher θ,

the higher the average undrawn debt capacity, and the lower the average cash holdings.

The calibrated parameters in table 4.2 are comparable to those of existing studies.

The curvature of the profit function α is close to the estimated values in Hennessy and

Whited [2005], and Hennessy and Whited [2007]. The fixed cost parameter f , on an

annual basis, is in line with the calibration of Gomes and Schmid [2010]. The parameters

σz, and ρz, that govern the shock dynamics, are less than one standard error from the

estimates in Hennessy and Whited [2005]. The external equity cost parameters λ0 and λ1

are also very close to the point estimates of Hennessy and Whited [2005], who use the same

functional form. The value of the cash hoarding cost parameter γ is similar to the one

in DeAngelo et al. [2011]. Our values for the capital adjustment cost parameters exhibit

Finally, we set the unconditional mean µz of the shock process such that the steady-state stock of capital
is normalized to the value of two. This choice allows to obtain a sufficient precision on the grid for capital
without significantly increasing the computational burden with a finer grid choice.
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a similar patterns to Cooper and Haltiwanger [2006], and DeAngelo et al. [2011] as far as

the relative magnitude of the fixed and convex component is concerned. Different from

these studies, we also allow for asymmetries in capital adjustment costs for investment

and disinvestment. Our parameters provide support to the calibration in Zhang [2005],

who requires that disinvestment is by far more costly than investment to rationalize the

value premium. Finally, to the best of our knowledge there is no direct quantitative term

of comparison for the parameter θ in state-contingent collateral constraints. However,

our calibrated value is extremely close to the share of pledgeable steady-state capital

estimated by DeAngelo et al. [2011].

Table 4.2 shows that, overall, the model provides a good fit to the data. Remarkably,

with only one exogenous shock process, the model manages to endogenously generate very

different variances for operating income on one hand, and investment, leverage, and un-

drawn debt capacity on the other hand. In contrast, in existing models (e.g. Hennessy and

Whited [2007], DeAngelo et al. [2011], Nikolov and Schmid [2012]) simulated variances

are typically much lower than real data variances. This leads to the need to either remove

firm and time fixed effects from the data, or to add noise to the simulation, in order to

make volatilities of simulated and actual moments comparable. We attribute this result

to the presence of additional frictions in comparison to these models, and in particular

to state-contingent collateral constraints, and to our flexible adjustment cost function

for physical capital. In addition, the model is able to replicate fairly well the relative

differences in serial correlations for operating income, investment, leverage, cash, and un-

drawn credit that are observed in the data. Specifically, data moments for these variables

are approximately 0.79, 0.37, 0.91, 0.89, and 0.63, while their simulated counterparts are

around 0.63, 0.22, 0.68, 0.72, and 0.68.

The model appears to be slightly on the variance of cash holdings, and on the mean

of undrawn debt capacity. The former is too high because in our model the only motive

for which firms hold cash is hedging. Therefore, firms with no hedging needs, or firms

that can satisfy all their hedging needs with conditional liquidity only, hold exactly zero

cash. In reality, firms also hold cash for other reasons, for example for operating pur-

poses. The lower mean of undrawn debt capacity with respect to the data is the result

of the assumption of relative impatience of managers because of tax benefits of debt.

As in Rampini and Viswanathan [2012a], firms are never completely unconstrained, and

even large unconstrained firms issue debt. The fit may be probably further improved by

introducing additional frictions. However, we do not include them to make the trade-

off between unconditional and conditional hedging clearly driven by limited conditional

hedging in presence of collateral constraints, and investment adjustment costs.

[Insert Table 4.2 Here]
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4.6 Empirical Implications

4.6.1 Stylized evidence under the baseline calibration

In this section, we evaluate the model performance by reproducing the stylized empirical

evidence on corporate liquidity we revisit in section 4.2. Table 4.3 is a replica of table 4.1

with a simulated panel of observations from our model. All parameters are set to the

baseline values in table 4.2, and data are simulated using the same procedure.

A comparison of tables 4.1 and 4.3 shows that the model conforms with the key

patterns that are observed in the data, and that we summarize in section 4.2. The

patterns of simulated evidence are generally sharper that those in actual data. This is

primarily because of the higher variance of cash, and the lower undrawn debt capacity,

as we discuss in section 4.5.

Panel A of table 4.3 reports simulated evidence for one-way sorts on net worth and

capital. The row labeled ”Cash Holdings” shows that smaller and more constrained firms

hoard more cash, as Almeida et al. [2004], and Denis and Sibilkov [2009] document. The

”Leverage” row reproduces the well-known positive relation between size and leverage.

In addition, firms with low net worth are more levered than firms with high net worth.

Finally, the row labeled ”Undrawn Credit” reproduces the finding that unconstrained

firms are more slack on their credit lines. While the evidence in panel A provides a

crude assessment of the model, the two-way sorts in panels B and C are definitely more

informative. Indeed, they allow to effectively interpret empirical patterns within our

framework of our model, and better understand why these patterns are observed in actual

data.

The sub-panel labeled ”Cash Holdings” emphasizes that the main variable that drives

firms cash policy is capital, rather than net worth. This can be rationalized within our

model, and is consistent with the graphical representation in figure 4.1. Conditional on

some level of net worth, hence on some total liquidity need, capital essentially determines

the optimal mix between conditional and unconditional liquidity. Transferring resources

in a state-contingent way is more efficient, but a firm’s ability to implement conditional

hedging is limited by collateral constraints. As a consequence, smaller firms also need

to transfer resources unconditionally, to all future states, and hoarding more cash than

large firms. In addition, consistent with net worth being the main determinant of total

corporate liquidity (figure 4.1), less constrained firms appear to have more cash than

more constrained firms after controlling for capital. As in the data, the pattern is less

pronounced than on the capital dimension. Unconstrained firms implement more total

hedging and, ceteris paribus, also hoard more cash. This piece of evidence relates to the

result in Denis and Sibilkov [2009] that some constrained firms have surprisingly low cash

holdings.
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The ”Undrawn Credit” sub-panel replicates the stylized fact that firms with high net

worth implement more total and, consequently, more conditional hedging. At a first

glance, this result may look at odds with our key message that capital is the main deter-

minant of the composition of corporate liquidity as conditional versus unconditional, as

figure 4.1 shows. However, an important caveat is needed in interpreting this reduced-

form evidence. In table 4.3, we compute undrawn credit as a fraction of debt capacity,

while the mix of conditional and unconditional liquidity must account for how much cash

firms hoard. Large firms have also less cash than small firms, and the ratio of conditional-

to-unconditional liquidity is higher for more capitalized, hence more collateralized, firms.

Panel C addresses this point and provides additional evidence by computing the ratio

of conditional-to-total liquidity for simulated data, and the ratio of undrawn credit to

the sum of undrawn credit and cash for the sample of table 4.1. Clearly, panel C shows

that capital determines the mix of conditional and unconditional liquidity as the model

predicts, and empirical proxies support this prediction.

Finally, the ”Leverage” sub-panel in panel B provides substantial support for the

hedging view of capital structure in Rampini and Viswanathan [2012a]. Similar to them,

in our model capital stucture and conditional hedging are intimately related. For the

same level of capital, the more a firm raises debt, the less resources it allocates to risk

management. For this reason, within every capital group, we observe an opposite pattern

with respect to the ”Undrawn Credit” panel. Conditional on capital, which is determined

endougenously, the more a firm keeps slack on its collateral contraints, the higher observed

leverage is. Because in practice one important way to tranfer conditional liquidity is based

on loan commitments (Rampini and Viswanathan [2010]), this pattern is also reflected in

data on credit lines. Undrawn credit therefore appears to be a good proxy for conditional

hedging.

We believe these results are informative in three ways. First, our dynamic model

of corporate liquidity provides a unified framework to rationalize and interpret existing

empirical evidence on cash, risk management, leverage, and lines of credit.

Second, our simulated results have implications for empirical work, and specifically

for how to proxy financial constraints. Our model shows that net worth, that we proxy

as the book value of equity, and capital, capture different aspects of financial constraints

for corporate liquidity. A common practice in empirical studies is to use both capital and

book value of equity as proxies for how a firm is constrained. In constrast, recognizing

that net worth is a theoretically grounded state variable in models of financial constraints,

and that it plays a different role from capital for liquidity and risk management decisions,

appears to be a necessary condition for most empirical studies to be informative.

Third, our findings suggest an empirical proxy for hedging, namely undrawn credit

from credit lines. As we discuss in section 4.2, empirical studies on risk management

are plagued because hedging is unobservable. Despite there is not a one-to-one mapping
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between undrawn credit and conditional hedging, our results suggest that the former is a

reasonable proxy for the latter. This appears plausible if one considers the widespread use

of lines of credits, as Sufi [2009] points out. Data on credit lines are nowadays available

for large cross sections of firms in commercial datasets. Therefore, they may help extend

and complement existing studies that, while based on specific data that are more closely

mapped into hedging, are limited in scope.

[Insert Table 4.3 Here]

4.6.2 Comparative Statics: Debt Capacity

Table 4.4 summarizes the predicted impact of variations in the fraction of collateralizable

capital θ on firms’ policy. The rows of the table refer to investment, leverage, equity

issues, cash holdings, and hedging through conditional liquidity. The columns report

average values for all firms, and for firms that differ in terms of the two state variables of

our model, namely net worth and capital.

Panel A refers to low values of θ, panel B to moderate values, and panel C to high

values. Different levels of θ can be interpreted as cross-industry predictions. Intuitively,

the information technology industry relies on more intangible assets, that cannot usually

be pledged as collateral.11 In contrast, steel manufacturing companies typically operate

with collateralizable capital such as properties, plants, and equipments. In our framework,

industries with less pledgeable assets can be associated to lower values of θ.

Table 4.4 illustrates the hedging view of capital structure of Rampini and Viswanathan

[2012a], and the tradeoff between conditional and unconditional liquidity management.

Firms with a low fraction of collateralizable assets have both lower leverage, and residual

debt capacity. Our model predicts that firms with θ equal to 10% have a debt-to-asset

ratio of 4.7%, compared to 30.7% for firms with θ equal to 90%. Residual debt capacity

is ranging from 43.8% for firms with a low fraction of pledgeable capital, to almost 60%

for firms with a high fraction. The latter can implement more conditional liquidity man-

agement, and therefore face less needs to resort to cash hoarding to hedge against income

shortfalls. In addition, firms with lower debt capacity have less needs for costly external

equity financing.

Consistent with the patterns we illustrate in section 4.6.1, firms that differ in terms

of the endogenous state variables of our model have a different expected leverage and

liquidity management policy across different levels of θ. In particular, since debt capacity

is a fraction of capital, the latter is the variable that interacts more with θ to determine

the firm’s policy. Smaller firms hoard more cash and implement less conditional liquidity

management in all panels A, B, and C, but their liquidity is disproportionally more

11However, Amable et al. [2010] argue that a recent common practice is to pledge patents as collateral.
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state-contingent for high values of θ. For instance, small firms in panel A have a 91.7%

cash-to-assets ratio, and 53.6% undrawn debt capacity. Panel C instead predicts a cash-

to-asset ratio of 38.2%, and a fraction of undrawn credit equal above 75% when θ = 0.9.

In addition, our model predicts that the positive relationship between leverage and capital

is steeper in industries with more tangible assets, reflecting higher opportunities to secure

debt financing with collateral.

[Insert Table 4.4 Here]

4.6.3 Comparative Statics: Capital Adjustment Costs

As we discuss in section 4.4 and illustrate in figures 4.4 through 4.7, the presence of invest-

ment and disinvestment adjustment costs has a qualitative and quantitative impact on the

type of liquidity management firms implement. In this section, we examine how predicted

liquidity management and financing policy vary across firms with different magnitudes

for adjustment costs of physical capital.

Table 4.5 examines the case of convex disinvestment adjustment costs. As figure 4.6

illustrates, firms with higher smooth adjustment costs of disinvestment have more liquid-

ity needs for bad states. These needs reflect the necessity to bear these expected costs

in future periods, and to be able to gradually adjust their capital stock. Panels A to C

show how firms with higher adjustment cost of disinvestment implement more liquidity

management, both conditionally and unconditionally. Average cash holdings vary from

about 10% to over 20% if disinvestment adjustment costs increase from low to high val-

ues. Analogously, undrawn debt capacity approximately ranges from 48% to 60%. As a

consequence, firms with lower values for ψ− need to save less debt capacity, and are more

levered.

[Insert Table 4.5 Here]

Table 4.6 performes counterfactual analysis for firms that are associate to different

smooth investment adjustment costs ψ+. Firms with higher values for ψ+ are more

levered, invest less, and implement less liquidity management. Intuitively, investment

is less profitable if associated to higher costs, and companies that are more exposed to

these costs raise more debt finance to pay out more dividends, and take advantage of the

tax benefits of debt. As figure 4.3 illustrates, the persistence in investment opportunities

creates a need to transfer liquidity to good states. However, when adjustment costs

are too high, investment needs decrease in such states, and so do liquidity needs. As a

consequence, firms with high ψ+ hoard less cash than firms with low ψ+ (2% versus 31%),

and save less debt capacity (32% versus 60%).

[Insert Table 4.6 Here]
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4.6.4 Impulse Response Functions

In this section, we investigate the dynamics of investment, leverage, conditional, and

unconditional liquidity management for firms that differ in terms of net worth and capital.

To this end, figures 4.8 to 4.11 depict impulse response functions for the model to a positive

shock (dashed lines), and to a negative shock (dashed-dotted lines). In all panels, the

solid lines represents the benchmark case, that is the case in which the representative firm

is exposed to neutral shocks.

Firms are classified as relatively constrained/unconstrained, and relatively small/large

on the basis on their initial values for the two endogenous state variables of the models.

Accordingly, figure 4.8 plots impulse response functions for firms with initial low net worth

and median capital stock (constrained), figure 4.9 refers to firms with with initial high

net worth and median capital stock (unconstrained), figure 4.10 refers to firms with with

initial low capital stock and median net worth (small), and figure 4.11 refers to firms with

with initial high capital stock and median net worth (large).

Because the model is nonlinear, we construct generalized impulse response functions

following Potter [2000], to which we refer for an exhaustive treatment. Effectively, impulse

response functions are computed as the averages of 5000 draws of sequences of shocks from

zi,t for 30 periods under the baseline parametrization of table 4.2. In the benchmark case,

the shock process is initalized to the mean shock µz for all draws, while for the positive

(negative) response cases the process is initialized to values above (below) µz. The exact

definitions of positive and negative shocks, small and high initial net worth and capital,

and of the variables on the graphs are provided in the caption of the figures.

A comparison of figure 4.8 and figure 4.9 highlights how the dynamics of investment,

leverage, and hedging differ between relatively constrained and unconstrained firms in

response to positive and negative shocks to investment opportunities. Panel A shows

that both types of firms increase investment when a positive shock occurs, and decrease

investment when a negative shock occurs. This result is due to the high persistence of

exogenous shock process. However, the dynamics of both unconditional and conditional

hedging deeply differ, as panels D, E, and F depict. Specifically, constrained firms have

less resources to allocate to risk management when the shock realizes. Therefore, their

adjustment to cash holdings (panel D), hedging for good states (panel E), and hedging

for bad states (panel F) are low than for unconstrained firms. This implies that the

dynamics of leverage, net worth, and capital differ in that the effects of the shocks are

more persistent for more constrained firms. Remarkably, the response is asymmetric.

After a negative shock constrained firms become even more constrained, as the dynamics

of net worth in panel C show. They can allocate little resources to conditional downstate

hedging and to cash hoarding for future bad states, that are more likely to occur due to the

persistence of the shock process. After a positive shock, instead, constrained firms benefit
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from additional cash flow, and have more net worth to tranfer to future states in the form

of both conditional and unconditional liquidity. To sum up, relatively constrained firms

have a lower capacity to implement total hedging the relatively unconstrained firms, and

they are sluggish in reacting to negative shocks.

Figures 4.10 and 4.11 illustrate how the dynamics of corporate policy differs between

small and large firms. As figure 4.1 indicates, the capital stock primarily affects the

composition of corporate liquidity (conditional versus unconditional), rather than the

amount of total liquidity. The hump-shaped investment dynamics in panel A suggest

that small firms are slower in adjust their capital stock after the shocks. Indeed, large

firms can transfer larger amounts of state-contingent liquidity (panels E and F), and be

more efficient in boosting their investment in good times, and reducing their capital stock

in bad times. Small firms, because on collateral constraints, can pledge less capital and

need to hedge by hoarding cash (panel D). As a consequence they are forced to tranfer

net worth to all future states and, ceteris paribus, they can tranfer less resources to

the states where they are needed the most. Overall, large firms can take advantage of

more pleadgeable capital for conditional liquidity management, and be more efficient in

adjusting their investment policy. As a consequence, they benefit more than small firms

from improved investment opportunities, and they reduce the impact of bad shocks on

their value.

[Insert Figure 4.8 Here]

[Insert Figure 4.9 Here]

[Insert Figure 4.10 Here]

[Insert Figure 4.11 Here]

4.7 Conclusions

In the presence of capital market imperfections expectations of future investment oppor-

tunities or cash shortfalls provide a rationale for dynamic liquidity management. We

develop a quantitative model to examine the cross-sectional and time-series determinants

of corporations’ liquidity management. The result is a quantitative theory of optimal

liquidity management based on the trade-off between conditionali liquidity subject to

collateral constraints and unconditional, unconstrained liquidity. Our model identifies

unconditional liquidity management using cash and conditional liquidity management by

means of drawing on credit lines as important instruments of corporate policy. In partic-

ular, our model predicts substantial cross-sectional variation in the relative usage of these

instruments for liquidity purposes across firms, for which we find strong empirical support.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



161

Similarly, the model successfully rationalizes time-series patterns in corporations’ liquidity

management. Overall, the model thus provides a quantitatively and empirically successful

framework explaining corporate investment, financing and liquidity policies and the joint

occurrence of cash, debt and credit lines in the presence of capital market imperfections.

A large literature has recently attempted to rationalize the apparent secular trend

in firms’ cash holdings. It has been widely documented that in the US, firms’ cash-to-

asset ratios have increased dramatically since the 1970’s. While in this paper we focus

on stationary properties of firms’ liquidity policies, we think it would be interesting to

examine the possible determinants of this trend through the lens of our model. We leave

this important question for future research.
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Figure 4.1. Dynamic Corporate Liquidity

The figure illustrates the relationship between the different types of corporate liquidity,
and the state variables of the model. In every period, firms are sorted independently by net
worth wi,t, capital ki,t, and productivity zi,t. Firms whose net worth is above the median of the
cross-sectional distribution are labeled as unconstrained (’Unc’), and firms whose net worth
is below the median of the cross-sectional distribution are labeled as constrained (’Con’).
Firms whose capital is above the median of the cross-sectional distribution are labeled as
large (’Lar’), and firms whose capital is below the median of the cross-sectional distribution
are labeled as small (’Sm’). Firms whose realized productivity is above the middle state are
labeled as profitable (’Pr’), and firms whose productivity is below the middle state are labeled
as unprofitable (’Unp’). For each bin, we compute total hedging, the fraction of conditional
to total hedging (on the horizontal axis), and the fraction of upstate to total hedging (on the
vertical vertical axis). In the figure, the radious of the circle is proportional to total hedging.
Data are simulated from the model with the baseline parametrization in Table X, for a panel
of 1000 firms and 100 time periods.
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Figure 4.2. Firm’s policy with no persistence and no adjustment costs

The figure illustrates the investment, financing, and risk management policy of the firm as
a function of current net worth wi,t. For illustrative purposes, the model is solved with a number
of states equal to three, with uniform transition probabilities, and with all adjustment costs
parameters set to zero. Dividends are constrained to be positive, that is no equity issues are
possible. The values for the exogenous productivity shock zi,t are set to -0.3000 for the low state,
to 0.5000 for the middle state, and to 1.7000 for the high state. Panels A through F show: the
future capital stock ki,t+1, the net equity payout ei,t the equity value Vi,t, the observed debt stock
E[bi(s(t + 1))], unconditional hedging (cash) hUi,t+1, and conditional hedging hCi (s(t + 1)). In
panel F, the solid blue line represents total debt capacity θδki,t+1 the solid thick line conditional
hedging for the middle state, the dashed thick line conditional hedging for the low state, the
dashed-dotted thick line conditional hedging for the high state. The remaining parameter values
are as follows: α = 0.5000, f = 0.0000, τ = 0.3500, θ = 0.5000, γ = 0.0010, r = 0.0100.
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Figure 4.3. Firm’s policy with persistence and no adjustment costs

The figure illustrates the investment, financing, and risk management policy of the firm as
a function of current net worth wi,t. For illustrative purposes, the model is solved with a number
of states equal to three, and with all adjustment costs parameters set to zero. From each state,
the transition matrix attaches probability 0.5 to remain in the same state, and 0.25 to move to
each of the remaining two states. Dividends are constrained to be positive, that is no equity issues
are possible. The values for the exogenous productivity shock zi,t are set to 0.2000 for the low
state, to 0.5000 for the middle state, and to 0.8000 for the high state. Panels A through F show:
the future capital stock ki,t+1, the net equity payout ei,t the equity value Vi,t, the observed debt
stock E[bi(s(t+1))], unconditional hedging (cash) hUi,t+1, and conditional hedging hCi (s(t+1)). In
panel F, the solid blue line represents total debt capacity θδki,t+1 the solid thick line conditional
hedging for the middle state, the dashed thick line conditional hedging for the low state, the
dashed-dotted thick line conditional hedging for the high state. The remaining parameter values
are as follows: α = 0.5000, f = 0.0000, τ = 0.3500, θ = 0.6000, γ = 0.0010, r = 0.0100.
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Figure 4.4. Firm’s policy with convex investment adjustment costs

The figure illustrates the investment, and risk management policy of the firm as a func-
tion of current net worth wi,t (Panels A-C) and current capital stock ki,t (Panels D-F). For
illustrative purposes, the model is solved with a number of states equal to three. The convex
investment adjustment cost parameter ψ+ is set to 1.0000. All the other capital adjustment cost
parameters are set to zero. From each state, the transition matrix attaches probability 0.5 to
remain in the same state, and 0.25 to move to each of the remaining two states. Dividends are
constrained to be positive, that is no equity issues are possible. The values for the exogenous
productivity shock zi,t are set to 0.3000 for the low state, to 0.7000 for the middle state, and to
1.1000 for the high state. Panels A through C show: the future capital stock ki,t+1, unconditional
hedging (cash) hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of current net worth.
Panels D through F show: the investment-to-capital ratio ii,t/ki,t, unconditional hedging (cash)
hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of the current capital stock. In panels
C and F, the solid blue line represents total debt capacity θδki,t+1 the solid thick line conditional
hedging for the middle state, the dashed thick line conditional hedging for the low state, the
dashed-dotted thick line conditional hedging for the high state. The remaining parameter values
are as follows: α = 0.5000, f = 0.0000, τ = 0.3500, θ = 0.6000, γ = 0.0010, r = 0.0100.
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Figure 4.5. Firm’s policy with fixed investment adjustment costs

The figure illustrates the investment, and risk management policy of the firm as a func-
tion of current net worth wi,t (Panels A-C) and current capital stock ki,t (Panels D-F). For
illustrative purposes, the model is solved with a number of states equal to three. The convex
investment adjustment cost parameter ψ+

0 is set to 0.0750. All the other capital adjustment cost
parameters are set to zero. From each state, the transition matrix attaches probability 0.5 to
remain in the same state, and 0.25 to move to each of the remaining two states. Dividends are
constrained to be positive, that is no equity issues are possible. The values for the exogenous
productivity shock zi,t are set to 0.3000 for the low state, to 0.7000 for the middle state, and to
0.9000 for the high state. Panels A through C show: the future capital stock ki,t+1, unconditional
hedging (cash) hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of current net worth.

Panels D through F show: the future capital stock ki,t+1, unconditional hedging (cash) hUi,t+1, and

conditional hedging hCi (s(t+1)) as a function of the current capital stock. In panel D, k∗ denotes
the ”frictionless” level of capital with ψ+

0 = 0, while kD and kU are the bounds of the inaction
region. In panels C and F, the solid blue line represents total debt capacity θδki,t+1 the solid
thick line conditional hedging for the middle state, the dashed thick line conditional hedging for
the low state, the dashed-dotted thick line conditional hedging for the high state. The remaining
parameter values are as follows: α = 0.3500, f = 0.0000, τ = 0.3500, θ = 0.4000, γ = 0.0010,
r = 0.0100.

2 4 6 8 10 12
0

0.5

1

A. Investment Policy

F
ut

ur
e 

ca
pi

ta
l s

to
ck

 k
i,t

+
1

Current net worth w
i,t

2 4 6 8 10 12
0

0.2

0.4

0.6

0.8

B. Cash

U
nc

on
di

tio
na

l h
ed

gi
ng

 h
i,t

+
1

U

Current net worth w
i,t

2 4 6 8 10 12
0

0.2

0.4

C. Risk Management

C
on

di
tio

na
l h

ed
gi

ng
 h

iC
(s

(t
+

1)
)

Current net worth w
i,t

1 2 3 4
0

1

2

D. Investment Policy

F
ut

ur
e 

ca
pi

ta
l s

to
ck

 k
i,t

+
1

Current capital stock k
i,t

1 2 3 4
0

0.5

1

E. Cash

U
nc

on
di

tio
na

l h
ed

gi
ng

 h
i,t

+
1

U

Current capital stock k
i,t

1 2 3 4
0

0.2

0.4

0.6

0.8

F. Risk Management

C
on

di
tio

na
l h

ed
gi

ng
 h

iC
(s

(t
+

1)
)

Current capital stock k
i,t

k*

Inaction
Region

kD kU

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



167

Figure 4.6. Firm’s policy with convex disinvestment adjustment costs

The figure illustrates the investment, and risk management policy of the firm as a func-
tion of current net worth wi,t (Panels A-C) and current capital stock ki,t (Panels D-F). For
illustrative purposes, the model is solved with a number of states equal to three. The convex
disinvestment adjustment cost parameter ψ− is set to 0.4000. All the other capital adjustment
cost parameters are set to zero. From each state, the transition matrix attaches probability 0.5
to remain in the same state, and 0.25 to move to each of the remaining two states. Dividends
are constrained to be positive, that is no equity issues are possible. The values for the exogenous
productivity shock zi,t are set to -0.1000 for the low state, to 0.5000 for the middle state, and to
0.6000 for the high state. Panels A through C show: the future capital stock ki,t+1, unconditional
hedging (cash) hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of current net worth.
Panels D through F show: the investment-to-capital ratio ii,t/ki,t, unconditional hedging (cash)
hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of the current capital stock. In panels
C and F, the solid blue line represents total debt capacity θδki,t+1 the solid thick line conditional
hedging for the middle state, the dashed thick line conditional hedging for the low state, the
dashed-dotted thick line conditional hedging for the high state. The remaining parameter values
are as follows: α = 0.3750, f = 0.0000, τ = 0.3500, θ = 0.4000, γ = 0.0010, r = 0.0100.
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Figure 4.7. Firm’s policy with fixed disinvestment adjustment costs

The figure illustrates the investment, and risk management policy of the firm as a func-
tion of current net worth wi,t (Panels A-C) and current capital stock ki,t (Panels D-F). For
illustrative purposes, the model is solved with a number of states equal to three. The convex
investment adjustment cost parameter ψ−

0 is set to 0.0250. All the other capital adjustment cost
parameters are set to zero. From each state, the transition matrix attaches probability 0.5 to
remain in the same state, and 0.25 to move to each of the remaining two states. Dividends are
constrained to be positive, that is no equity issues are possible. The values for the exogenous
productivity shock zi,t are set to -0.1000 for the low state, to 0.6000 for the middle state, and to
0.7000 for the high state. Panels A through C show: the future capital stock ki,t+1, unconditional
hedging (cash) hUi,t+1, and conditional hedging hCi (s(t + 1)) as a function of current net worth.

Panels D through F show: the future capital stock ki,t+1, unconditional hedging (cash) hUi,t+1, and

conditional hedging hCi (s(t+1)) as a function of the current capital stock. In panel D, k∗ denotes
the ”frictionless” level of capital with ψ−

0 = 0, while kD and kU are the bounds of the inaction
region. In panels C and F, the solid blue line represents total debt capacity θδki,t+1 the solid
thick line conditional hedging for the middle state, the dashed thick line conditional hedging for
the low state, the dashed-dotted thick line conditional hedging for the high state. The remaining
parameter values are as follows: α = 0.4000, f = 0.0000, τ = 0.3500, θ = 0.4000, γ = 0.0010,
r = 0.0100.
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Figure 4.8. Impulse Response Functions for Relatively Constrained Firms

Panels A through F illustrate the generalized impulse response functions of capital, lever-
age, net worth, cash, conditional upstate hedging (one state up), and conditional downstate
hedging (one state down). The impulse response functions are computed as averages 5000 draws
of 30 periods for the shock zi,t. For each draw, the process zi,t is initialized at the middle state for
the benchmark case (solid line), to the second highest state for the response to a positive shock
(dashed line), and to the second loweest state for the response to a negative shock (dashed-dotted
line). The initial values for capital are set to the corrisponding median point on the grid for ki,t,
and the initial values for net worth are set to the corresponding value for the point on the grid
for wi,t that leaves one fifth of grid points to its left. All parameters values are set to the baseline
values reported in table 4.2.
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Figure 4.9. Impulse Response Functions for Relatively Unconstrained Firms

Panels A through F illustrate the generalized impulse response functions of capital, lever-
age, net worth, cash, conditional upstate hedging (one state up), and conditional downstate
hedging (one state down). The impulse response functions are computed as averages 5000 draws
of 30 periods for the shock zi,t. For each draw, the process zi,t is initialized at the middle state for
the benchmark case (solid line), to the second highest state for the response to a positive shock
(dashed line), and to the second loweest state for the response to a negative shock (dashed-dotted
line). The initial values for capital are set to the corrisponding median point on the grid for ki,t,
and the initial values for net worth are set to the corresponding value for the point on the grid for
wi,t that leaves one fifth of grid points to its right. All parameters values are set to the baseline
values reported in table 4.2.
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Figure 4.10. Impulse Response Functions for Relatively Small Firms

Panels A through F illustrate the generalized impulse response functions of capital, lever-
age, net worth, cash, conditional upstate hedging (one state up), and conditional downstate
hedging (one state down). The impulse response functions are computed as averages 5000 draws
of 30 periods for the shock zi,t. For each draw, the process zi,t is initialized at the middle state for
the benchmark case (solid line), to the second highest state for the response to a positive shock
(dashed line), and to the second loweest state for the response to a negative shock (dashed-dotted
line). The initial values for net worth are set to the corrisponding median point on the grid for
wi,t, and the initial values for capital are set to the corresponding value for the point on the grid
for ki,t that leaves one fifth of grid points to its left. All parameters values are set to the baseline
values reported in table 4.2.
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Figure 4.11. Impulse Response Functions for Relatively Large Firms

Panels A through F illustrate the generalized impulse response functions of capital, lever-
age, net worth, cash, conditional upstate hedging (one state up), and conditional downstate
hedging (one state down). The impulse response functions are computed as averages 5000 draws
of 30 periods for the shock zi,t. For each draw, the process zi,t is initialized at the middle state for
the benchmark case (solid line), to the second highest state for the response to a positive shock
(dashed line), and to the second loweest state for the response to a negative shock (dashed-dotted
line). The initial values for net worth are set to the corrisponding median point on the grid for
wi,t, and the initial values for capital are set to the corresponding value for the point on the grid
for ki,t that leaves one fifth of grid points to its right. All parameters values are set to the baseline
values reported in table 4.2.
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Table 4.1. Leverage, Cash, and Conditional Liquidity: Stylized Evidence.

The table reports stylized evidence from sorts of companies by net worth and capital (the
state variables of our model). Data are from Compustat and Capital IQ for the period 2001-2011.
Net worth is measured as the book value of equity, in line with Rampini et al. [2012], and capital is
the book value of property, plant and equipment. The breakpoints for defining relative constrained
and unconstrained firms for the sorts on net worth, and relatively small and large firms for the sorts
on capital are the 33th and the 66th percentile of the cross-sectional distribution for every fiscal year.
We exclude financials (SIC 4900-4099), utilities (SIC 6000-6999), and firms from other regulated
industries (SIC greater than 9000). The final sample consists of 14220 firm-year observations. Panel
A reports average cash holdings and debt as a fraction of total assets, and the fraction of undrawn
credit from credit lines for one-way sorts, while panel B reports the same variables for two-way sorts.

Panel A: Univariate Sorts

Net Worth Capital
Constr. 2 Unconstr. Small 2 Large

Cash Holdings 0.187 0.178 0.126 0.240 0.153 0.098

Leverage 0.216 0.192 0.228 0.118 0.220 0.296

Undrawn Credit 0.754 0.811 0.861 0.793 0.793 0.842

Panel B: Bivariate Sorts

Cash Holdings Leverage Undrawn Credit
Capital Small 2 Large Small 2 Large Small 2 Large

Constr. 0.220 0.103 0.085 0.128 0.385 0.697 0.770 0.712 0.748

Net Worth 2 0.297 0.156 0.075 0.089 0.180 0.378 0.864 0.810 0.761

Unconstr. 0.269 0.193 0.105 0.109 0.161 0.249 0.878 0.833 0.867
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Table 4.2. Model Calibration.

The table reports actual and simulated moments, together with the corresponding choice of
structural parameters. Calculations of data moments are based on a sample of nonfinancial, unregu-
lated firms from the annual 2011 Compustat Industrial database merged to the Capital IQ dataset.
The sample period is from 2001 to 2011. Panel A reports the moments from a simulated panel of
firms, and the corresponding moments from the data. Operating income is defined as (zkα − f)/k,
investment as i = kt+1 − (1 − δ)kt, leverage as E[b(zt+1)]/k, equity issues as |min(d, 0)|/k, cash
holdings as c/k, undrawn debt capacity as hc(zt+1)/(θ(1− δ)k), and Tobin’s Q as (V +E[b(zt+1)])/k.
Panel B reports the chosen values for structural parameters. α is the curvature of the production
function, f is the per-period fixed production cost, θ is the collateralizable fraction of assets, γ is
the agency cost cash parameter, ψ+

0 and ψ+ are the fixed and convex investment adjustment costs
parameters, ψ−

0 and ψ− are the fixed and convex disinvestment adjustment costs parameters, ρz and
σz are the serial correlation and the standard deviation to innovations of ln(z), where z is the shock
to the revenue function, λ0 and λ1 are the fixed and the proportional equity flotation costs. The
remaining parameters are r, the interest rate, τ , the tax rate, and δ, the depreciation rate. They are
set to 0.015, 0.35, and 0.15, to be approximately equal to the real interest rate in the 20th century,
to the statutory tax rate in the United States, and to the average depreciation in our sample.

Panel A: Moments
Simulated Moments Data Moments

Mean of operating income 0.1201 0.1387
Variance of operating income 0.0056 0.0068
Serial correlation of operating income 0.6270 0.7920
Mean of investment 0.1723 0.2018
Skewness of investment 1.3465 1.9872
Variance of investment 0.0531 0.0516
Serial correlation of investment 0.2167 0.3655
Mean of leverage 0.2965 0.2121
Variance of leverage 0.0365 0.0461
Serial correlation of leverage 0.6813 0.9173
Mean of equity issues 0.0107 0.0205
Variance of equity issues 0.0042 0.0028
Mean of cash holdings 0.1277 0.1632
Variance of cash holdings 0.0650 0.0294
Serial correlation of cash holdings 0.7298 0.8859
Mean of undrawn debt capacity 0.5278 0.8114
Variance of undrawn debt capacity 0.0926 0.0744
Serial correlation of undrawn debt capacity 0.6813 0.6344
Mean Tobin’s Q 2.0666 1.5594

Panel B: Calibrated Parameters
α f θ γ ψ+

0 ψ+ ψ−
0 ψ− ρz σz λ0 λ1

0.6800 0.1000 0.7500 0.0020 0.0075 0.1100 0.0400 0.2000 0.7100 0.2900 0.6000 0.0080
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Table 4.3. Leverage, Cash, and Conditional Liquidity: Simulated Stylized Evidence.

The table reports stylized evidence from sorts of companies by net worth and capital (the
state variables of our model). Data are simulated from the model under the baseline parametrization
in table 4.2 for a panel of 1000 firms and 100 time periods. The breakpoints for defining relative
constrained and unconstrained firms for the sorts on net worth, and relatively small and large firms
for the sorts on capital are the 33th and the 66th percentile of the cross-sectional distribution. Panel
A reports average cash holdings and debt as a fraction of capital, and the fraction of undrawn debt
capacity for one-way sorts, panel B reports the same variables for two-way sorts, and panel C reports
the fraction of conditional to total liquidity for both simulated, and actual data.

Panel A: Univariate Sorts

Net Worth Capital
Constr. 2 Unconstr. Small 2 Large

Cash Holdings 0.129 0.122 0.133 0.334 0.051 0.000

Leverage 0.303 0.282 0.305 0.162 0.281 0.450

Undrawn Credit 0.518 0.550 0.515 0.742 0.553 0.283

Panel B: Bivariate Sorts

Cash Holdings Leverage Undrawn Credit
Capital Small 2 Large Small 2 Large Small 2 Large

Constr. 0.228 0.025 0.000 0.211 0.357 0.560 0.664 0.432 0.108

Net Worth 2 0.310 0.035 0.000 0.119 0.291 0.531 0.811 0.537 0.155

Unconstr. 0.872 0.132 0.000 0.072 0.120 0.404 0.885 0.808 0.357

Panel C: Liquidity Composition

Conditional Liquidity (model) Conditional Liquidity (data)
Capital Small 2 Large Small 2 Large

Constr. 0.681 0.922 1.000 0.377 0.551 0.497

Net Worth 2 0.679 0.916 1.000 0.258 0.479 0.621

Unconstr. 0.430 0.824 1.000 0.250 0.390 0.534
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Table 4.4. Comparative Statics: Debt Capacity.

The table reports simulated evidence from the model for the same panel of table 4.2. All pa-
rameters except θ are set to the baseline values of table 4.2. In each panel, we report average
investment, leverage, equity issses, cash, and residual debt capacity (conditional liquidity). Averages
are reported both for all firms, and for firms with low, medium, and high capital and net worth.
Breakpoints are set as in panel A of tables 4.1 and 4.3. All variables are measured as in table 4.2.
Panel A reports simulated moments for θ = 0.1, panel B for θ = 0.5, and panel C for θ = 0.9.

A. θ = 0.1000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.170 0.215 0.173 0.123 0.191 0.166 0.153
Leverage 0.047 0.039 0.046 0.056 0.044 0.048 0.049

Equity Issues 0.007 0.016 0.003 0.001 0.017 0.002 0.002
Cash 0.513 0.917 0.492 0.129 0.547 0.702 0.282

Residual Debt Capacity 0.438 0.536 0.452 0.327 0.472 0.425 0.419

B. θ = 0.5000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.169 0.210 0.179 0.119 0.195 0.166 0.148
Leverage 0.195 0.121 0.157 0.309 0.176 0.158 0.253

Equity Issues 0.007 0.012 0.004 0.006 0.013 0.005 0.005
Cash 0.159 0.409 0.069 0.003 0.239 0.215 0.022

Residual Debt Capacity 0.534 0.711 0.624 0.263 0.580 0.622 0.397

C. θ = 0.9000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.171 0.216 0.172 0.124 0.213 0.179 0.120
Leverage 0.307 0.174 0.234 0.514 0.350 0.202 0.372

Equity Issues 0.005 0.009 0.005 0.002 0.010 0.004 0.002
Cash 0.134 0.382 0.020 0.003 0.198 0.190 0.011

Residual Debt Capacity 0.593 0.769 0.690 0.318 0.535 0.733 0.507

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



177

Table 4.5. Comparative Statics: Smooth Disinvestment Adjustment Costs.

The table reports simulated evidence from the model for the same panel of table 4.2. All pa-
rameters except ψ− are set to the baseline values of table 4.2. In each panel, we report average
investment, leverage, equity issses, cash, and residual debt capacity (conditional liquidity). Averages
are reported both for all firms, and for firms with low, medium, and high capital and net worth.
Breakpoints are set as in panel A of tables 4.1 and 4.3. All variables are measured as in table 4.2.
Panel A reports simulated moments for ψ− = 0, panel B for ψ− = 0.5, and panel C for ψ− = 1.

A. ψ− = 0.0000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.174 0.219 0.186 0.116 0.217 0.159 0.146
Leverage 0.310 0.231 0.250 0.450 0.269 0.328 0.333

Equity Issues 0.015 0.031 0.012 0.003 0.035 0.008 0.002

Cash 0.095 0.251 0.035 0.000 0.171 0.044 0.071
Residual Debt Capacity 0.479 0.611 0.579 0.243 0.547 0.449 0.441

B. ψ− = 0.5000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.172 0.228 0.174 0.115 0.233 0.148 0.137
Leverage 0.300 0.198 0.257 0.445 0.279 0.289 0.331

Equity Issues 0.011 0.022 0.008 0.002 0.027 0.003 0.003

Cash 0.108 0.276 0.050 0.001 0.147 0.093 0.086
Residual Debt Capacity 0.496 0.666 0.568 0.252 0.531 0.514 0.443

C. ψ− = 1.0000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.172 0.227 0.166 0.121 0.195 0.186 0.134
Leverage 0.241 0.147 0.197 0.391 0.250 0.202 0.274

Equity Issues 0.007 0.015 0.005 0.002 0.016 0.003 0.003

Cash 0.212 0.529 0.102 0.003 0.179 0.323 0.130
Residual Debt Capacity 0.594 0.753 0.668 0.342 0.580 0.660 0.540
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Table 4.6. Comparative Statics: Smooth Investment Adjustment Costs.

The table reports simulated evidence from the model for the same panel of table 4.2. All pa-
rameters except ψ+ are set to the baseline values of table 4.2. In each panel, we report average
investment, leverage, equity issses, cash, and residual debt capacity (conditional liquidity). Averages
are reported both for all firms, and for firms with low, medium, and high capital and net worth.
Breakpoints are set as in panel A of tables 4.1 and 4.3. All variables are measured as in table 4.2.
Panel A reports simulated moments for ψ+ = 0, panel B for ψ+ = 0.5, and panel C for ψ+ = 1.

A. ψ+ = 0.0000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.224 0.422 0.197 0.050 0.275 0.226 0.172
Leverage 0.240 0.140 0.164 0.419 0.251 0.150 0.322

Equity Issues 0.007 0.010 0.007 0.005 0.014 0.006 0.003
Cash 0.314 0.814 0.123 0.001 0.412 0.457 0.070

Residual Debt Capacity 0.596 0.765 0.724 0.295 0.578 0.747 0.458

B. ψ+ = 0.5000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.158 0.177 0.158 0.134 0.157 0.169 0.147
Leverage 0.321 0.353 0.211 0.458 0.386 0.242 0.338

Equity Issues 0.016 0.040 0.004 0.005 0.040 0.006 0.002
Cash 0.069 0.148 0.047 0.003 0.090 0.095 0.021

Residual Debt Capacity 0.461 0.407 0.646 0.230 0.351 0.594 0.432

C. ψ+ = 1.0000
Capital Net Worth

All Low 2 High Low 2 High
Investment 0.155 0.183 0.140 0.142 0.094 0.195 0.175
Leverage 0.403 0.424 0.483 0.301 0.514 0.444 0.251

Equity Issues 0.054 0.120 0.036 0.006 0.161 0.001 0.001
Cash 0.022 0.005 0.024 0.036 0.004 0.017 0.045

Residual Debt Capacity 0.322 0.286 0.188 0.495 0.135 0.254 0.578
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4.A Proofs of Propositions

Proof of Lemma 6. From the definition of hCi (s(t+ 1)) we obtain:

bi(s(t+ 1)) =
θ(1− δ)ki,t+1 − hCi (s(t+ 1))

1 + r(1− τ)
(4.A.1)

Substituting (4.A.1) and the definition of hUi,t+1 into the original problem yields the result.

Proof of Proposition 4. Denote the total number of states by S. The Lagrangian function for

the constrained optimization problem is:

L ≡ ei,t − Λ(ei,t) +
1

1+rEt[V (wi,t+1, zi,t+1)] + λw(wi,t − ei,t − Et

[
hC
i (s(t+1))
1+r(1−τ)

]
− hU

i,t+1

1+r(1−τ)−γ − Pki,t+1 −
Ψ(ki,t, ki,t+1)) +

+
∑S

s=1
π(s(t),s)λw

s

1+r ((1− τ)Π(ki,t+1, zi,s) + (1− θ)(1− δ)ki,t+1 + τδki,t+1 + hTi (s)− wi(s)) +

+
∑S

s=1
π(s(t),s)λC

s

1+r (hCi (s)) +
∑S

s=1
π(s(t),s)λ

C
s

1+r (θ(1− δ)ki,t+1 − hCi (s)) + λU (hUi,t+1)

Differentiating the Lagrangian with rispect to ei,t, ki,t+1, h
U
i,t+1, {hCi (s(t + 1))}, and {wi(s(t + 1))}

yields equations (4.19a), (4.19b), (4.19c), (4.19d), (4.21b) after some algebraic manipulation. Because

the Slater condition holds, the envelope theorem can expressed as:

∂V (wi,t,zi,t)
∂wi,t

=
∂ei,t−Λ(ei,t)

∂wi,t
+ λw

∂(wi,t−ei,t−Et

[
hC
i (s(t+1))

1+r(1−τ)

]
−

hU
i,t+1

1+r(1−τ)−γ
−Pki,t+1−Ψ(ki,t,ki,t+1))

∂wi,t
+

+
∑S

s=1
π(s(t),s)λw

s

1+r
∂((1−τ)Π(ki,t+1,zi,s)+(1−θ)(1−δ)ki,t+1+τδki,t+1+hT

i (s)−wi(s))
∂wi,t

+
∑S

s=1
π(s(t),s)λC

s

1+r
∂(hC

i (s))
∂wi,t

+

+
∑S

s=1
π(s(t),s)λ

C
s

1+r
∂(θ(1−δ)ki,t+1−hC

i (s))
∂wi,t

+

λU
∂(hU

i,t+1)

∂wi,t

which immediately yields (4.21a). The Euler equation (4.22) can be simply obtained, by dividing both

sides of (4.19b) by λw. The division is well-defined because the resource constraint at time t is always

binding. Finally, equation (4.23) can be derived by substituting λws(t+1) from (4.19d) into the definition

of Mw(s(t), s(t+ 1)).

Proof of Proposition 5. To prove the claim, we proceed in two steps. First, we show that the

payoff bi(s(t + 1))can be replicated with the combination of securities described above. Second, we

verify that the recursive problem with the new securities is equivalent to the original one in terms of

constraints. First, in the recursive problem, at time t + 1 in each state s(t + 1)the firm pays back

Di,t+1 − CL
i (s(t+ 1))Therefore, using (4.31) and (4.32) we obtain

Di,t+1 − CL
i (s(t+ 1)) = (1 + r(1− τ))bi(s(t+ 1)) (4.A.2)

from which the replication result follows:

bi(s(t+ 1)) =
Di,t+1 − CL

i (s(t+ 1))

1 + r(1− τ)
(4.A.3)

Because state-contingent debt can be directly expressed as the combination in (4.A.3) of state-uncontingent

debt and the credit line, the replicating strategy is trivially budget feasible at time t + 1. The resource

constraint at time t is also unchanged, because

wi,t + Li,t ≥ ei,t + ki,t+1 + ci,t+1 +Ψ(ki,t, ki,t+1)
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can be rewritten as

wi,t + Et[bi(s(t+ 1))] ≥ ei,t + ki,t+1 + ci,t+1 +Ψ(ki,t, ki,t+1)

using (4.30) and (4.A.3). Finally, we shall show that the limits for the feasible set for bi(s(t+1)) implied

by collateral and debt positivity constraints are preserved by the replicating portfolio of debt and lines

of credit, namely that:

0 ≤ Di,t+1 − CL
i (s(t))

1 + r(1− τ)
≤ θ(1− δ)ki,t+1

The debt positivity constraints can be rewritten as:

CL
i (s(t+ 1)) ≤ (1 + r(1− τ))Et[b(s(t+ 1))]

which is consistent with the feasible set for CL
i (s(t+ 1)) because:

maxCL
i (s(t+ 1)) = Ci,t+1
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In BjÃ¸rn Espen Eckbo, editor, Handbook of corporate finance: empirical corporate

finance, pages 135–202. North Holland, 2008.

Douglas Gale and Martin Hellwig. Incentive-compatible debt contracts: The one period

problem. Review of Economic Studies, 52(5):647–663, 1985.

Andrea Gamba and Alexander J. Triantis. The value of financial flexibility. The Journal

of Finance, 63(5):2263–2296, 2008.

Lorenzo Garlappi and Hong Yan. Financial distress and the cross-section of equity returns.

The Journal of Finance, 66(3):789–822, 2011.

Thomas J. George and Chuan-Yang Hwang. A resolution of the distress risk and leverage

puzzles in the cross section of stock returns. Journal of Financial Economics, 96(1):

56–79, 2010.

Mark L. Gertler and Peter Karadi. A model of unconventional monetary policy. Journal

of Monetary Economics, 58(1):17–34, 2011.

Mark L. Gertler and Nobuhiro Kiyotaki. Financial intermediation and credit policy in

business cycle analysis. In Benjamin M. Friedman and Michael Woodford, editors,

Handbook of Monetary Economics, Chaper 11. Elsevier, 2010.

Eric Ghysels, Pedro Santa-Clara, and Rossen Valkanov. The MIDAS touch: mixed data

sampling regression models. Working Paper, 2004.

Eric Ghysels, Pedro Santa-Clara, and Rossen Valkanov. There is a risk-return trade-off

after all. Journal of Financial Economics, 76(3):509–548, 2005.

Michael R. Gibbons, Stephen A. Ross, and Jay Shanken. A test of the efficiency of a

given portfolio. Econometrica, 57(5):1121–1152, 1989.

Robert Goldstein, Nengjiu Ju, and Hayne Leland. An ebit-based model of dynamic capital

structure. The Journal of Business, 74(4):483–512, 2001.

Joao F. Gomes. Financing investment. The American Economic Review, 91(5):1263–1285,

2001.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



186

Joao F. Gomes and Lukas Schmid. Levered returns. The Journal of Finance, 65(2):

467–494, 2010.

William H. Greene. Econometric Analysis, 6th Edition. Prentice Hall, New Jersey, 2008.

Wayne Guay and S.P. Kothari. How much do firms hedge with derivatives? Journal of

Financial Economics, 70(3):423–461, 2003.

Lars P. Hansen. Large sample properties of Generalized Method of Moments estimators.

Econometrica, 50(4):1029–1054, 1982.

Lars Peter Hansen and Ravi Jagannathan. Assessing specification errors in stochastic

discount factor models. The Journal of Finance, 52(2):557–590, 1997.

Lars Peter Hansen and Scott F. Richard. The role of conditioning information in deducing

testable restrictions implied by dynamic asset pricing models. Econometrica, pages 587–

613, 1987.

Lars Peter Hansen and Kenneth J Singleton. Generalized instrumental variables estima-

tion of nonlinear rational expectations models. Econometrica: Journal of the Econo-

metric Society, pages 1269–1286, 1982.

Zhiguo He and Arvind Krishnamurthy. Intermediary asset pricing. American Economic

Review, 103(2):732–770, 2013.

Christopher A. Hennessy and Toni M. Whited. Debt dynamics. The Journal of Finance,

60(3):1129–1165, 2005.

Christopher A. Hennessy and Toni M. Whited. How costly is external financing? Evidence

from a structural estimation. The Journal of Finance, 62(4):1705–1745, 2007.

Armen Hovakimian, Tim Opler, and Sheridan Titman. The debt-equity choice: an anal-

ysis of issuing firms. Journal of Financial and Quantitative Analysis, 36(1):1–24, 2001.

Ronald A. Howard. Dynamic Programming and Markov Processes. John Wiley, 1960.

Cheng Hsiao. Analysis of Panel Data. Cambridge University Press, Cambridge, UK,

2003.

Rongbing Huang and Jay R. Ritter. Testing theories of capital structure and estimating

the speed of adjustment. Journal of Financial and Quantitative Analysis, 44(2):237–

271, 2009.

Peter Iliev and Ivo Welch. Reconciling estimates of the speed of adjustment of leverage

ratios. Working Paper, 10 2010.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



187

Dwight M. Jaffee and Thomas Russell. Imperfect information, uncertainty, and credit

rationing. The Quarterly Journal of Economics, 90(4):651–666, 1976.

Ravi Jagannathan and Zhenyu Wang. The conditional CAPM and the cross-section of

expected returns. The Journal of Finance, 51(1):3–53, 1996.

Urban J. Jermann. The equity premium implied by production. Journal of Financial

Economics, 98(2):279–296, 2010.

Takashi Kamihigashi. Elementary results on solutions to the Bellman equation of dynamic

programming: Existence, uniqueness, and convergence. Technical report, 2012.

Dongcheol Kim. Issues related to the errors-in-variables problems in asset pricing tests. In

Cheng-Few Lee, Alice C. Lee, and John Lee, editors, Handbook of Quantitative Finance

and Risk Management, pages 1091–1108. Springer, 2010.

Robert A. Korajczyk and Amnon Levy. Capital structure choice: Macroeconomic condi-

tions and financial constraints. Journal of Financial Economics, 68(1):75–109, 2003.

Arthur Korteweg. The net benefits to leverage. The Journal of Finance, 65(6):2137–2170,

2010.

Mark T. Leary and Michael R. Roberts. Do firms rebalance their capital structures? The

Journal of Finance, 60(6):2575–2619, 2005.

Hayne E. Leland. Corporate debt value, bond covenants, and optimal capital structure.

The Journal of Finance, 49(4):1213–1252, 1994.

Michael L. Lemmon, Michael L. Roberts, and Jaime F. Zender. Back to the beginning:

Persistence and the cross-section of corporate capital structure. The Journal of Finance,

63(4):1575–1608, 2008.

Martin Lettau and Sydney Ludvigson. Consumption, aggregate wealth, and expected

stock returns. the Journal of Finance, 56(3):815–849, 2001.

Kenneth Levenberg. A method for the solution of certain problems in least squares.

Quarterly of Applied Mathematics, 2:164–168, 1944.

Jonathan Lewellen, Stefan Nagel, and Jay Shanken. A skeptical appraisal of asset pricing

tests. Journal of Financial Economics, 96(2):175–194, 2010.

Erica X.N. Li, Dmitry Livdan, and Lu Zhang. Anomalies. Review of Financial Studies,

22(11):4301–4334, 2009.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



188

Shaojin Li and Toni Whited. Endogenous financial constraints, taxes, and leverage. Work-

ing Paper, 7 2013.

Dmitry Livdan, Horacio Sapriza, and Lu Zhang. Financially constrained stock returns.

The Journal of Finance, 64(4):1827–1862, 2009.

Brandon G. Lockhart. Adjusting to target capital structure: the effect of credit lines.

Working Paper, 9 2010.

Donald W. Marquardt. An algorithm for least-squares estimation of nonlinear parameters.

Journal of the Society for Industrial and Applied Mathematics, 11(2):431–441, 1963.

Ellen R. McGrattan. Application of weighted residual methods to dynamic economic mod-

els. Federal Reserve Bank of Minneapolis, Research Department, 1997.

Enrique G. Mendoza. Sudden stops, financial crises, and leverage. American Economic

Review, 100(5):1941–1966, 2000.

Robert C. Merton. An intertemporal capital asset pricing model. Econometrica: Journal

of the Econometric Society, pages 867–887, 1973.

Franco Modigliani and Merton Miller. The cost of capital, corporation finance and the

theory of investment. American Economic Review, 48(3):655–669, 1958.

Erwan Morellec and Boris Nikolov. Cash holdings and competition. Working Paper, 10

2009.

George L. Nemhauser and Laurence A. Wolsey. Integer and combinatorial optimization,

volume 18. Wiley New York, 1988.

Whitney K Newey and Daniel McFadden. Large sample estimation and hypothesis testing.

Handbook of econometrics, 4:2111–2245, 1994.

Boris Nikolov and Lukas M. Schmid. Testing dynamic agency theory via structural esti-

mation. Working Paper, 3 2012.

Boris Nikolov and Toni M. Whited. Agency conflicts and cash: Estimates from a structural

model. Working Paper, 11 2009.

Boris Nikolov, Lukas M. Schmid, and Roberto Steri. Dynamic corporate liquidity. Working

Paper, 8 2013.

Iulian Obreja. Book-to-market, financial leverage, and the cross-section of stock returns.

Review of Financial Studies, 2013. forthcoming.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



189

Iulien Obreja. Book-to-market equity, financial leverage and the cross-section of stock

returns. Working Paper, 5 2010.

Ali K. Ozdagli. Financial leverage, corporate investment, and stock returns. Review of

Financial Studies, 4:1033–1069, 2012.

Stephen H. Penman, Scott A. Richardson, and Irem Tuna. The book-to-price effect in

stock returns: Accounting for leverage. Journal of Accounting Research, 45(2):427–467,

1992.

Simon M. Potter. Nonlinear impulse response functions. Journal of Economic Dynamics

and Control, 24(10):1425–1446, 2000.

William E. Pruitt. Summability of independent random variables. Journal of Mathemat-

ical and Mechanics, 15:769–776, 1966.

Daniela Pucci de Farias and Benjamin Van Roy. The linear programming approach to

approximate dynamic programming. Operations Research, 51(6):850–865, 2003.

Matthew Rabin. Risk aversion and expected-utility theory: A calibration theorem. Econo-

metrica, 68(5):1281–1292, 2000.

Adriano A. Rampini and S. Viswanathan. Collateral, risk management, and the distribu-

tion of debt capacity. The Journal of Finance, 65(6):2293–2322, 2010.

Adriano A. Rampini and S. Viswanathan. Collateral and capital structure. Working

Paper, 2 2012a.

Adriano A. Rampini and S. Viswanathan. Household risk management. Working Paper,

9 2012b.

Adriano A. Rampini and S. Viswanathan. Collateral and capital structure. Journal of

Financial Economics, 109(2):466–492, 2013.

Adriano A. Rampini, Amir Sufi, and S. Viswanathan. Dynamic risk management. Working

Paper, 8 2012.

Adriano A. Rampini, Amir Sufi, and S. Viswanathan. Dynamic risk management. Journal

of Financial Economics, 2013. forthcoming.

V.K. Rohatgi. Convergence of weighted sums of independent random variables. In Mathe-

matical Proceedings of the Cambridge Philosophical Society, volume 69, pages 305–307.

Cambridge Univ Press, 1971.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



190

Sheldon M. Ross. Recursive Methods in Economic Dynamics. Academic Press, New York,

NY, 1983.

Stephen A. Ross. The arbitrage theory of capital asset pricing. Journal of Economic

Theory, 13:341–360, 1976.

John Rust. Numerical dynamic programming in economics. Handbook of computational

economics, 1:619–729, 1996.

John P. Rust. Using randomization to break the curse of dimensionality. Econometrica,

65(3):487–516, 1997.

Lukas M. Schmid and Roberto Steri. A quantitative dynamic agency model of financing

constraints. Working Paper, 10 2013.

Alexander Schrijver. Theory of linear and integer programming. Wiley. com, 1998.

Stephen E. Spear and Sanjay Srivastava. On repeated moral hazard with discounting.

Review of Economic Studies, 54(4):599–617, 1987.

Nancy L. Stokey. The Economics of Inaction: Stochastic Control Models with Fixed Costs.

Princeton University Press, Princeton, NJ, 2008.

Nancy L. Stokey and Robert E. Lucas. Recursive Methods in Economic Dynamics. Har-

vard University Press, Cambridge, MA, 1989.

Ilya A. Strebulaev. Do tests of capital structure theory mean what they say? The Journal

of Finance, 62(4):1747–1787, 2007.

Ilya A. Strebulaev and Toni M. Whited. Dynamic models and structural estimation in

corporate finance. Foundations and Trends in Finance, 6(1–2):1–163, 2012.

Amir Sufi. Bank lines of credit in corporate finance: An empirical analysis. Review of

Financial Studies, 22(3):1057–1088, 2009.

Alfred Tarski. A lattice-theoretical fixpoint theorem and its applications. Pacific journal

of Mathematics, 5(2):285–309, 1955.

Jonathan Thomas and Tim Worrall. Foreign direct investment and the risk of expropri-

ation. The Review of Economic Studies, 61(1):81–108, 1994.

Michael A. Trick and Stanley E. Zin. A linear programming approach to solving stochastic

dynamic programs. Working Paper, 8 1993.

Michael A. Trick and Stanley E. Zin. Spline approximations to value functions: A linear

programming approach. Macroeconomic Dynamics, 1(1):255–277, 1997.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



191

Peter Tufano. Who manages risk? an empirical examination of risk management practices

in the gold mining industry. The Journal of Finance, 51(4):1097–1137, 1996.

Juan Pablo Vielma. Mixed integer linear programming formulation techniques. Working

Paper, 2013.

Motohiro Yogo. A consumption-based explanation of expected stock returns. The Journal

of Finance, 61(2):539–580, 2006.

Lu Zhang. The value premium. The Journal of Finance, 60(1):67–103, 2005.

Tesi di dottorato "Essays on Capital Structure and Expected Returns"
di STERI ROBERTO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2014
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.


