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ABSTRACT

We quantify agency con
icts induced by the separation of ownership and control in large public

�rms by means of structural estimation. We use a simulated method of moments estimator (SMM)

to back out the structural parameters of a q-theoretic dynamic agency model of �rms from observed

�nancing and investment choices. In the model, an optimal contract resolves the agency con
ict

between investors and managers, which can be implemented using cash, debt and equity. Our

estimates suggest that in order to rationalize observed �rm �nancing and investment policies, the

agency con
ict between investors and managers needs to be substantial. We provide additional

cross-sectional tests based on sample splits according to governance and �rm characteristics.
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1 Introduction

Recent theoretical research in corporate �nance has the highlighted the role of �nancial con-

tracting in determining �rm policies and dynamics.1 Financial contracts arise to mitigate incen-

tive con
icts between �rms’ insiders and outsiders and a�ect corporations’ �nancial structures,

investment policies and valuations. While such e�ects can be dismissed in a frictionless Modigliani-

Miller world, understanding corporate policies empirically requires researchers to deviate from this

benchmark. While a more recent literature has started to investigate the e�ects of �nancing fric-

tions quantitatively and by means of structural estimation,2 research on �nancial contracting has

mostly remained qualitative in nature. By and large, quantitative research in corporate �nance

has concentrated on evaluating the implications of a limited number of very speci�c departures

from MM, namely almost exclusively the presence of taxes and bankruptcy costs.3 While taxes

are undoubtedly an important determinant of �rms’ �nancial structures and the ensuing dynamic

trade-o� models are empirically successful, the theoretical literature on �nancial contracting has

documented how various agency con
icts between �rms’ investors and insiders can be crucial deter-

minants of �rms’ �nancial structures, investment policies and dynamics.4 An important challenge

therefore is to quantitatively assess the implications of such mechanisms. In this paper we aim to

take a step into that direction by means of a structural estimation of a dynamic agency model.

We use a simulated method of moments approach to estimate the parameters of a q-theoretic

dynamic agency model of �rm investment along the lines of DeMarzo, Fishman, He and Wang

(2012). In the model, an agency con
ict arises because of the separation of ownership and control.

Investors hire a manager to run the �rm whose unobserved actions a�ect the performance of the �rm.

By providing low e�ort, managers enjoy private bene�ts at a rate λ per unit of capital. Investors

thus aim at designing an optimal contract with managers specifying investment and managerial

compensation in such a way as to provide them with incentives to always provide full e�ort. Such

an optimal contract provides incentives by promising higher compensation after favorable observed

performance and by the threat of liquidation after bad performance. The threat of liquidation

1See e.g. the surveys of Harris and Raviv (1991)and Zingales (2000).
2An incomplete list includes Gomes (2001), Moyen (2004), Hennessy and Whited (2005, 2007), Strebulaev (2007).
3Two recent exceptions are Morellec, Nikolov and Schurho� (2010) and Nikolov and Whited (2011), who estimate

dynamic models with parameterized agency con
icts between shareholders and managers.
4Examples are asymmetric information, moral hazard or limited enforcement of contracts. See Hart (2001) for a

survey.
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limits the �rm’s investment, leading to underinvestment. The model thus endogenizes the costs

of external �nancing. Setting the model in continuous time and employing recursive contracting

techniques as in DeMarzo and Sannikov (2006), DeMarzo, Fishman, He and Wang (2012) show that

this model provides a highly tractable characterization of the optimal contract and its implications

for investment.

We take the model to the data by implementing the optimal contract by means of standard

securities such as cash, debt and equity. The highly tractable environment allows us to use a

simulated method of moments estimator to estimate the structural parameters of the model. This

procedure in particular allows us to back out the parameter λ, which is a clean and direct measure

of the severity of the agency con
ict induced by the separation of ownership and control, from

the observed �nancing and investment decisions of corporations. To that end, our estimator picks

parameters that brings the simulated moments from the model on �rms’ �nancing, investment and

managerial compensation as close as possible to their empirical counterparts.

Our estimates suggest that in order to rationalize observed �rm �nancing and investment poli-

cies, the agency con
ict between investors and managers, as measured by λ, needs to be substantial.

Interpreting λ as he fraction of output that managers can divert for their private bene�t, sets this

number close to 40%. While it is important to note that the contract ensures that managers do

not end up diverting output, giving them the appropriate incentives not to do so, constrains �rms’

investment and �nancing choices. Observed choices then suggest that incentive provision must be

quite substantial. Intuitively, providing stronger incentives implies a stronger threat of liquida-

tion, which reduces investment as liquidation comes with ine�cient capital destruction. Observed

investment then sets λ at about 0.4.

We examine further implications of the model by splitting our data sample along various di-

mensions and estimating the model on subsamples. This allows us to glean how our estimated

parameters vary with cross-sectional variation in �rm characteristics. We split the sample along

corporate governance proxies as well as capital intensity. Our estimates suggest that, in line with

economic intuition, �rms with better governance exhibit a less severe agency con
ict, as implied by

their investment and �nancing choices. Similarly, our estimates indicate that �rms with lower cap-

ital intensity are more prone to con
icts between investors and managers, which conforms with the

notion that young growth �rms have less well developed governance structures than large, mature
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�rms.

Our paper is related to several strands of literature in empirical corporate �nance on the one

hand side, and dynamic contracting on the other. Methodologically, the model is a version of the

recent work by DeMarzo, Fishman, He and Wang (2012) integrating long-term contract resolving

an agency con
ict into a dynamic q-theoretic model of �rm investment. We see our contribution in

providing an implementation that can be taken to the data, and estimating it using the simulated

method of moments. We therefore provide an empirical assessment of this model by testing it and

quantifying the mechanism at work. The paper by DeMarzo, Fishman, He and Wang is part of a

growing literature that studies the implications of agency con
icts and long-term contracts for �rm

�nancing and investment. Prominent examples of this stream of literature include Albuquerque and

Hopenhayn (2004), Clementi and Hopenhayn (2006), DeMarzo and Fishman (2007), and Rampini

and Viswanathan (2010). Most closely related to our work is Biais, Mariotti, Plantin and Rochet

(2006), and DeMarzo and Sannikov (2006), who devise implementations of the optimal contract by

means of standard securities in continuous-time setups. None of these papers studies empirical or

quantitative implications of the models, or performs structural estimation.

From an empirical point of view, the paper is most closely related to a growing literature on

structural estimation of dynamic models of capital structure and investment starting with Hennessy

and Whited (2005, 2007). These papers integrate a dynamic trade-o� model of capital structure into

a neoclassical model of investment, and show that such a setup does a good job at quantitatively

explaining many of �rms’ observed �nancing and investment choices. We di�er from these papers

by estimating a model in which capital structure and �nancing choices emerge within an optimal

contract in response to an agency con
ict. In this respect, our paper is closer to recent work by

Morellec, Nikolov and Schurho� (2010) as well as Nikolov and Whited (2011), who, in contrast to

our optimal dynamic contracting setup, estimate models with exogenous contracts. Earlier work

along these lines, includes Gomes (2001).

The paper is structured as follows. The next section describes the agency problem, the optimal

contract and its implementation. Section 3 provides a basic quantitative analysis that is helpful

to illustrate our identi�cation strategy. Section 4 describes the data and gives some background

about the SMM procedure. Section 5 reports the results and the last section concludes.
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2 Model

We integrate agency frictions into a standard dynamic neoclassical model of investment with

convex adjustment costs along the lines of DeMarzo, Fishman, He and Wang (2011). More specif-

ically, we consider a moral hazard problem induced by the separation of ownership and control.

Firms’ investors hire an outside manager to run the �rm whose unobserved actions a�ect �rm

performance. We adopt the notation of DeMarzo, Fishman, He and Wang (2011).

2.1 Technology

For tractability, the model is set in continuous time. Firms employ capital to produce output

and invest to accumulate capital. Denoting by K and I the level of the capital stock and the gross

investment rate, respectively, a �rm’s capital stock evolves as

dKt = (It −Kt)dt (1)

where δ denotes the depreciation rate.

We assume that investment is subject to convex adjustment costs. More speci�cally, the ad-

justment cost function G(I,K) is convex in investment I, and homogeneous of degree one in I and

K. Thus, we have

I +G(I,K) ≡ c(i)K (2)

so that the convex function c represents the total cost per unit of capital required for the �rm to

grow at rate i = I/K.

Firms have access to a linear production technology, so that the incremental gross output over

the time interval dt can be represented as KtdAt, where A is the cumulative productivity process

and hence dAt is instantaneous productivity. After accounting for investment and adjustment costs

we can thus write the dynamics for the cumulative cash 
ow process Yt as

dYt = Kt(dAt − c(it)dt)
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2.2 Contracting Environment

An agency con
ict arises in the model because there is a separation between ownership and

control in the �rm. Shareholders hire outside managers to run the �rm in exchange for wage

payments and cannot observe their actions. At the beginning of the employment relationship,

investors and managers sign contracts. Managers actions a�ect the dynamics of productivity in the

model and we will subsequently interpret them as e�ort choice. Speci�cally, the manager’s action

at ∈ [0, 1] determines the expected rate of output per unit of capital, so that

dAt = atµdt+ σdWt

where W = {Wt;Ft; 0 ≤ t < ∞} is a standard Brownian motion and σ is the volatility of the

cumulative productivity process A. The manager’s action thus a�ects the drift, but not the volatility

of A. While A is observed, neither Wt nor at is known to investors, so that low productivity may

be due low managerial e�ort or a bad draw of the Brownian motion.

Contracts with managers can be terminated at any time. In case of termination, investors

recover a value lKt, for some constant l ≥ 0. We assume that termination is ine�cient and

entails deadweight losses. Termination can be interpreted as liquidation of the �rm, or as �ring

the manager, in which case deadweight losses can be interpreted as ine�ciencies associated with

managerial turnover.

When the manager chooses e�ort at, he enjoys private bene�ts at rate λ(1−at)µdt per unit of the

capital stock, where 0 ≤ λ ≤ 1. Given the linearity of that speci�cation, managers will e�ectively

choose low e�ort at = 0, or equivalently, shirk, or or will work, with at = 1. Higher private

bene�ts are associated with a more severe agency con
ict, which is captured by the parameter λ.

Alternatively, the model can be interpreted in terms of cash 
ow diversion by managers. In that

interpretation, 1 − at can be thought of as the fraction of cash 
ow the manager diverts for his

private bene�t, with λ standing for the manager’s net consumption per dollar diverted. λ represents

the severity of the agency con
ict in this interpretation as well.

Investors have unlimited wealth and are risk neutral with discount rate r > 0. Managers are also

risk-neutral, but discount the future at a rate γ > r and hence are impatient relative to investors.

This rules out postponing payments to managers forever. Managers have no initial wealth and
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limited liability, ruling out negative wages.

When formulating the optimal contracting problem between investors and managers, we assume

that the �rm’s capital stock Kt and its cumulative cash 
ow Yt are contractible, implying invest-

ment It and productivity At are also contractible. When managers are hired, investors o�er them

contracts specifying an investment policy It, the manager’s cumulative compensation Ut, as well as

a termination time τ , all of which depend on the history of the manager’s performance, summarized

by At. When a manager is terminated, he receives his reservation value, which is normalized to

zero for simplicity. Manager’s limited liability implies that the process Ut is non-decreasing. We

represent the contract by � = (I, U, τ).

Given a contract �, the manager chooses an e�ort process {at ∈ [0, 1] : 0 ≤ t < τ} to maximize

the presented discounted value of compensation and the potential private bene�ts from taking low

e�ort, ie

W (�) = max
{at∈[0,1]:0≤t<τ}

Ea
[∫ τ

0
e−γt(dUt + λ(1− at)µKtdt)

]
(3)

where Ea denotes the expectation operator under the probability measure induced by the action

process. As DeMarzo, Fishman, He and Wang (2011) we focus on the case where investors �nd it

optimal to design the contract to always induce high e�ort at = 1, and will refer to such contracts

as incentive compatible.

The investor’s objective is to design an incentive compatible contract that maximizes the ex-

pected present value of the payments to them. When designing the contract, they take the initial

capital stock K0 and the initial payo� to the manager W0 as given. Their optimization problem is

thus

P (K0,W0) = max
Φ

Ea
[∫ τ

0
ertdYt + erτ lKt −

∫ τ

0
e−rtdUt

]
(4)

such that � is incentive compatible and W (�) = W0. The manager’s initial payo� W0 results from

the relative bargaining power of investors and managers when the contract is initiated.

2.3 Solving for the Optimal Contract

In order to illustrate the economic mechanisms at work, we brie
y outline the derivation of the

optimal contract, but refer to DeMarzo, Fishman, He and Wang (2011) for the details.

For a given incentive compatible contract � and a history up to time t, the present value of the
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manager’s future compensation is

Wt(�) ≡ Et
[∫ τ

0
e−γ(s−t)dUt

]
(5)

The change of this continuation payo� at time t consists of a wage payment dUt and a change in the

value of future payments dWt. Given the manager’s discount rate γ the incremental compensation

must be γWtdt on average, thus

Et [dWt + dUt] = γWtdt

While this needs to hold on average, incentive compatibility requires that the manager’s compensa-

tion depends on the �rm’s performance, and more speci�cally must be sensitive to its incremental

output KtdAt. Using techniques developed by Sannikov (2008) invoking the martingale represen-

tation theorem, it follows that this sensitivity can be characterized as follows,

dWt + dUt = γWtdt+ βtKt(dAt − µdt) = γWt + βKtσdZt (6)

so that the process βt determines the sensitivity of the manager’s compensation to �rm performance.

Incentive compatibility requires that βt is su�ciently high to induce high e�ort, or in other words,

that the manager is su�ciently exposed the �rm’s realized output. More concretely, suppose the

agent deviates by choosing at < 1, which yields an instantaneous private bene�t of λ(1− at)µKtdt.

On the other hand, this deviation triggers an expected reduction in compensation in the magnitude

of βt(1−at)µKtdt. Consequently, inducing high e�ort implies the incentive compatibility constraint

βt ≥ λ for all t (7)

On the other hand, the sensitivity of the manager’s continuation payo� to �rm performance implies

that after an expended period of bad performance, the manager’s continuation payo� is falling.

Given limited liability, it cannot fall below zero, so Wt ≥ 0 for all t. When Wt = 0, the contract

is terminated. Since this is costly to investors, they want to limit the sensitivity of manager’s

continuation payo� to �rm performance. While incentive provision is necessary, it is ine�cient ex

post. Optimally, investors impose minimal incentive provision, so that under the optimal contract,
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the incentive compatibility constraint binds, that is, we have βt = λ for all t.

While the relevant state variables at any date t are Kt and Wt, the linearity of the production

technology implies that the optimal contracting problem can be equivalently cast in per unit of

capital terms. Therefore, the value of the contract is given by P (K,W ) = p(w)K reducing the

dynamic programming problem to one state variable, namely the scaled continuation payo� w ≡

W/K.

A few properties of the scaled value function p(w) are straightforward to establish. First, once

the manager’s continuation value w falls to zero, the contract must be terminated, implying that

p(0) = l (8)

Further, investors can always compensate managers with cash right away, rather than deferring

their compensation to the future. This implies p′(w) ≥ −1, as it will cost investors at most one

dollar to increase w by a dollar. Because termination is costly ex post for the investors, the optimal

contract will try to increase w when it is low, thus deferring compensation rather than paying

managers with cash in these situations. However, because managers have a higher discount rate

than investors, their compensation cannot be deferred inde�nitely, and when wt is su�ciently high

it will be optimal to pay them with cash once wt > �w, for some �w. Therefore

dut = max{wt − �w, 0} (9)

where �w satis�es

p′( �w) = −1. (10)

Optimally choosing the payout cuto� implies a ’super contact’ condition

p′′( �w) = 0. (11)

More formally, the evolution of w satis�es

dwt = (γ − (it − δ))wtdt+ λσdZt + dut
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where dut = dUt
Kt

= 0 on [0, �w] and re
ects wt back to �w. Contracts are thus initialized with some

promise w0 per unit of capital to the manager, which grows at rate γ less the net growth rate

(it − δ) of the �rm on average. After good �rm performance, the promised payo� may reach �w at

which point the manager is compensated with cash, while after bad performance wt may fall to

zero, whence the contract is terminated.

The evolution of wt implies the following Hamilton-Jacobi-Bellman (HJB) equation that char-

acterizes p(w) on [0, �w]. The investment policy i(w) is given as the solution of the principal’s HJB

equation for his value function p(w)

rp(w) = sup
i

(µ− c(i)) + (i− δ)p(w) + (γ − (i− δ))wp′(w) +
1

2
λ2σ2p′′(w) (12)

Given a solution for the value function p the investment policy actually admits an analytical solution

of the form

c′(i(w)) = p(w)− wp′(w) (13)

Equations (12) and (13) jointly determine a second-order di�erential equation which together with

the above boundary conditions characterizes p(w) on [0, �w].

2.4 Qualitative Properties of the Optimal Contract

Incentive provision for managers requires potential termination of the contract after su�ciently

bad performance. As termination and managerial turnover involve deadweight losses, investors

will more cautiously evaluate investment opportunities with a �rm. The presence of the agency

friction will thus limit the �rm’s investment and thus endogenizes the costs of external �nancing.

Intuitively, the lower w, the more likely is ine�cient termination and hence the lower investment.

Naturally, suboptimal investment associated with the agency friction is re
ected in valuations.

Total �rm value per unit of capital is given by the sum of the claims of investors and managers on

the �rm, thus by p(w) + w. Accordingly, average or Tobin’s q is

qa(w) =
P (K,W ) +W

K
= p(w) + w.

Similarly, marginal q, de�ned as the incremental impact of a unit of capital on �rm value, can be
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calculated as

qm(w) =
∂(P (K,W ) +W )

∂K
= PK(K,W ) = p(w)− wp′(w) (14)

Figure 1 illustrates p(w) relative to the �rst best. While in the �rst best, an additional dollar for the

manager necessarily means a dollar less in the pockets of investors, additional features emerge with

agency frictions. First, in spite of investors’ risk neutrality, the value function is concave. In the

presence of agency frictions a mean preserving spread in w is costly as it increases the likelihood

of ine�cient termination, making investors e�ectively averse to idiosyncratic risk. Second, the

value function need not be monotonic. For su�ciently low w increasing promises to managers also

increases the wealth of investors, as it decreases the probability of costly termination. On the other

hand, once w is large enough increasing promises to managers reduces investors value function.

These patterns are also re
ected in qm and qa. Figure 1 shows q in the �rst best case and

with agency frictions and documents that qFB > qa(w) > qm(w). The �rst inequality implies the

frictions come with potentially high value losses. The second inequality shows that in the presence of

agency frictions, marginal and average q are generally di�erent, in contrast to the standard Hayashi

(1982) framework. Average q is above marginal q because, for a given level of W , an increase in

K lowers the manager’s continuation payo� w, thus brings the contract closer to termination and

hence induces a more severe agency problem. Both marginal and average q are increasing in w so

that distortions relative to �rst best decrease as the manager’s continuation payo� moves further

away from termination after good performance.

Figure 1 illustrates the behavior of investment with agency frictions relative to �rst best. In-

vestment is determined by the optimality condition

c′(i(w)) = qm(w) = p(w)− wp′(w) (15)

With the agency con
ict, investment is always below the �rst best level. The agency con
ict thus

induces potentially severe underinvestment. Moreover, investment is increasing with w. Since after

good performance managers are rewarded with a higher continuation payo�, w is increasing in

past pro�ts and persistent, so that investment becomes positively related to past performance and

serially correlated. Intuitively, when w is low after a series of bad shocks, the contract is close to
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termination in which case investors incur deadweight losses proportional to the capital stock, so

that they are reluctant to deploy more capital into the �rm.

2.5 Implementation of the Optimal Contract

While the previous sections summarized how the optimal contract can be characterized using

the manager’s continuation payo� wt and its evolution, we now present a simple implementation

of the payments arising in the contract using standard securities along the lines of DeMarzo and

Sannikov (2008). This is necessary in order to bring the model to the data via structural estimation,

as we will proceed to do in the next section. While such an implementation is not uniquely pinned

down by the model, we �nd our choice to be intuitive and natural.

Intuitively, as the contract is terminated when wt = 0, the continuation payo� captures the

distance to termination or, in other words, measures a �rm’s �nancial slack. In line with the

literature, we interpret �nancial slack as a �rm’s cash reserves. When cash reserves are exhausted

the �rm is liquidated. When the �rm generates cash 
ows it will keep them within the �rm as cash

reserves rather than paying them out as dividends in order to move away from termination. At

some point, the �rm will hold a su�cient amount of cash, so that it will start paying dividends. In

this way, cash reserves will track the manager’s continuation payo� wt.

We decompose the payments to investors into payouts to standard securities, such as equity and

debt. Equity is the claim to dividends paid out once cash reserves are su�ciently high, while we

interpret expected free cash 
ow as coupon payments to debt. Note that in this implementation,

coupon payments are time-varying, so that it e�ectively allows �rms’ to rebalance their capital

structures.

How does this implementation ensure incentive compatibility, that is, how does it guarantee

that the manager will always choose high e�ort? It does so by endowing managers with a fraction

λ of �rms’ equity. This guarantees that managers are only compensated with cash payments once

their continuation payo� is su�ciently high, namely when cash reserves are high and the dividend

payout boundary is reached, while before that compensation is deferred. Second, giving managers

a fraction λ makes sure that deviating to providing low e�ort and enjoying the associated private

bene�ts is not optimal. The implementation is thus incentive compatible.

For simplicity, we will present the implementation on a per unit of capital basis, which is easily
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converted back to level by multiplying with Kt. Cash reserves mt are designed to track wt. A

security is needed to extract expected free cash 
ows. To start with we will think of them as

coupon payments to long term debt. Then the payments dut are implemented as equity.

Incentive compatibility requires that

dwt = λdmt

as otherwise deviation with low e�ort would provide attractive private bene�ts. Accordingly, the

�rm is terminated when mt = 0. On the other hand, the optimal contract prescribes that the

manager is compensated with cash payments when wt reaches �w, or equivalently, when the �rm’s

cash reserves reach �m = w̄
λ . At this point, the �rm starts paying out dividends, a fraction λ of

which are paid out to the manager. We de�ne coupon payments to debt to be d(w) = µ−c(i(w))dt,

corresponding to the �rm’s expected free cash 
ow. While this is just one possibility of capturing

payments to debt, it captures the notion that �rms’ debt burden is changing over time. Under this

implementation, �rm’s cash reserves will evolve according to

dmt = γmtdt+ dyt − d− dut (16)

which is just a restatement of the �rm’s budget constraint.

Valuation of Securities For our empirical implementation, we will need to compute market

values of securities. While these are not available in analytical form, we can easily compute them

by numerically solving an ordinary di�erential equation with suitable boundary conditions. More

precisely, if wt follows

dwt = (γ − (it − δ))wtdt+ λσdZt + dut

where dut = dUt
Kt

= 0 on [0, �w] and re
ects wt back to �w, then expectations of the general form

G(w0) = E

[∫ τ

0
e−rtg(wt)dt− κ

∫ τ

0
e−rtdut + e−rτ l

]
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for some real valued function g and suitable choices of κ, l and so on, are solutions of an ordinary

di�erential equation with boundary conditions re
ecting these choices. Spe1.92ri/yl



We will consider the e�ects of the intensity of the agency con
ict λ, the relative impatience of the

agent γ − r, expected productivity µ, volatility σ and capital adjustment costs θ.

Input parameter values for the base case environment are as follows. The risk-free rate r =

0.0348 and the liquidation value is l = 0.625. We discuss the calibration of these two parameters in

detail in section 4.2. Depreciation δ = 0.13 is annual depreciation. We use quadratic adjustment

costs with θ = 2.50. Expected productivity is µ = 0.195 and we set volatility to σ = 0.08. The

manager’s discount rate is set as γ = r + 0.0050. Finally, we choose the agency parameter to be

λ = 0.50.

Figure 2 illustrates the sensitivity of the average cash to asset ratio and investment with respect

to the main parameter values. The �gure reveals that the cash-to-asset ratio is decreasing in the

extent of the agency con
ict as captured by λ and, as a matter of fact, quantitatively quite sensitive

to it. Intuitively, the more severe the agency con
ict, the more sensitive is the manager’s compen-

sation to �rm performance, and the stronger is the threat of termination. In our implementation,

cash or �nancial slack is given by m = w/λ. Hence, �rms with less severe agency con
icts should

have more slack and more cash to avoid liquidation. The cash-to-asset ratio is also decreasing in

the manager’s relative impatience, as measured by γ − r. The more impatient the manager is, the

stronger is his desire for cash compensation, decreasing the payout boundary �m. This decreases the

region over which cash is accumulated. On the other hand, cash is increasing in expected produc-

tivity re
ecting increased resources. The fact that cash holdings are increasing in volatility re
ects

the e�ective risk aversion of investors in the presence of the agency con
ict. Higher volatility leads

to a higher probability of termination, all else equal, which leads to a higher cash bu�er.

The right panel of �gure 2 quanti�es the sensitivity of investment to changes in parameter inputs.

Intuitively, investment is decreasing in the severity of the agency con
ict, as a more severe con
ict

increases the risk of termination associated with deadweight losses. However, quantitatively, the

e�ect is not very strong. Generally speaking, parameter changes a�ect investment in a similar way as

the cash-to-asset ratio, but quantitatively the e�ects are much weaker. Clearly, higher productivity

increases investment, impatience decreases it as the accumulation region shrinks, volatility decreases

investment through an e�ective risk aversion e�ect, and higher adjustment costs make investment

costlier.

Figure 3 quanti�es the sensitivity of average q and leverage relative to parameter changes. The
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left panel focuses on average q. Average q is decreasing in λ. Note that in the model qa(w) =

p(w) + w, which is, since p′(w) ≥ −1, increasing in w. This re
ects that increasing w aligns the

incentives of investors and managers for low values of w, leading to an increase in p(w). On the

other hand, a more severe agency con
ict leads to a higher threat of termination under the optimal

contract, and lower values of w. The net e�ect is a fall in average q. A similar intuition underlies

the fall of average q in relative impatience. As higher impatience reduces the payout boundary

�w, average q falls. Clearly, average q increases in expected productivity and falls with adjustment

costs. Higher volatility increases the risk of termination, and hence reduces average q.

The right panel of �gure 3 illustrates the quantitative dependence of leverage on model pa-

rameters. While leverage is largely insensitive to productivity, relative impatience and capital

adjustment costs, it moves quite sharply with λ and σ.

3.2 Identification

Before proceeding with the estimation of the model, it is important to understand how we can

identify the model parameters in the data. A su�cient condition for identi�cation is a one-to-one

mapping between the structural parameters and a set of data moments of the same dimension. It is

however di�cult to obtain such a closed-form mapping in any economic model. As a consequence, to

achieve identi�cation, we select a set of moments such that every estimated parameter has a di�er-

ential impact on this set of moments. Heuristically, a moment h is informative about an unknown

parameter β if that moment is sensitive to changes in the parameter and the sensitivity di�ers

across parameters. Formally, local identi�cation requires the Jacobian determinant, det(∂h/∂β),

to be nonzero. To aid in the intuition of the identi�cation of the model parameters, Table 3 reports

elasticities of the model-implied moments with respect to the parameters, (∂h/∂β)/(β/h), in our

base case environment. Inspection of Table 3 reveals that condition det(∂h/∂β) 6= 0 holds and that

we can separately identify the parameters of the model.

We further proceed to describing the details of the identi�cation and the choice of moments.

We select distributional moments of cash, investment, leverage, and Tobin’s q, but also moments

that relate to the join distribution of these quantities. Average and variance of cash and leverage

and covariance of cash and investment help identify the agency parameter, λ. Average and variance

of cash and the covariance of cash and investment help identify the agent discount rate, γ. We
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note that λ positively a�ects the variance of cash, while γ exhibits a negative impact. Average

investment helps identify the expected productivity µ. The variance of all distributions helps

identify the volatility σ. The variance and the serial correlation of cash, investment, Tobin’s q, and

leverage help identify the capital adjustment cost, θ, and the depreciation, δ. These two parameters

are identi�ed based on their di�erential impact on leverage.

4 Structural Estimation

We now proceed to formally estimate the parameters of the model by means of a simulation-

based estimator, namely the simulated method of moments (SMM). To estimate the severity of

the agency con
ict induced through the separation of ownership and control, we exploit data on

managerial compensation from ExecuComp along with �rm-level data. We start by describing our

data in some more detail, and gather some details of our estimation method in the next section.

4.1 Data

The estimation of the model requires merging data from various standard sources. We col-

lect �nancial statements data from Compustat, managerial compensation data from ExecuComp,

governance data from the Investor Responsibility Research Center (IRRC), and institutional data

from Thompson Reuters. Following the literature, we remove all regulated (SIC 4900-4999) and

�nancial �rms (6000-6999). Observations with missing SIC code, total assets, gross capital stock,

market value, long-term debt, debt in current liabilities, and cash and short-term investments are

excluded. We also require that �rms have at least two consecutive years of data because we need

to lag some of the variables. As a result of these selection criteria, we obtain a panel data set with

12, 187 observations for 1, 951 �rms, for the time period between 1992 and 2010, at the annual

frequency. Table 1 provides detailed de�nitions of the variables of interest.

Table 2 reports the descriptive statistics for the sample. The �rst panel provides �nancial

statements data. We observe that this data is representative of Compustat �rms. Our sample

exhibits however a bias towards large �rms. This is due to the fact that we use the ExecuComp

dataset that is de�ned over the S&P1, 500 index. The following three panels contain data on

governance indicators that are commonly used in the literature. We use these indicators as criteria

17



to do sample splits. We want to investigate how estimated parameters vary with respect to samples

that exhibit di�erent governance characteristics. The last panel reports data on capital intensity.

This will help us relate agency frictions to the capital intensity of �rms.

4.2 Estimation

We estimate most of the model parameters using simulated method of moments (SMM). How-

ever, we estimate some of the model parameters separately. For example, we estimate the risk-free

interest rate, r, to equal 0.0348, which is the average over the sample period of the one-year Treasury

rate. We follow Berger, Ofek, and Swary (1996) and estimate the liquidation value as

Lit = (Tangibilityit + Cashit)/Total Assetsit, (18)

where Tangibilityit = 0.715∗Receivablesit+0.547∗Inventoryit+0.535∗Capitalit. We then estimate 6

parameters using the simulated method of moments: λ the agency parameter; γ the agent’s discount

rate; µ the expected productivity; σ the volatility of the productivity process; θ the quadratic capital

adjustment cost; and δ the capital depreciation rate.

The simulation method of moments, although computationally intensive, is conceptually simple.

First, we simulate S = 10 arti�cial panels based on the numerical solution of the model. Every

panel contains 20, 000 �rms. Each �rm is simulated for 50 years. The �rst 30 years of data are

dropped to avoid the e�ect of initial conditions. Second, we compute interesting moments using

both the simulated and the observed data. Finally, the SMM estimator selects the parameters such

that the distance between the simulated and the actual data is minimized. We next describe the

estimation procedure in some more detail.

One important aspect of the SMM estimation is the choice of weighting matrix. A natural

candidate for this choice is the identity matrix. While intuitive, this choice comes with a signi�cant

drawback. Indeed, the identity matrix allocates more weight to the moments that are larger in

absolute value. This property does not have any valid economic interpretation. As a consequence,

we choose to use the optimal weighting matrix that is the inverse of the covariance matrix of

the moments. Intuitively, this method allocates more weight on the moments that are measured

with greater precision. To compute the covariance matrix of the moments, we follow the in
uence
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function approach of Ericson and Whited (2000).

Finally, one last aspect of the estimation relates to unobserved heterogeneity. Indeed, our model

generates predictions for a representative �rm. However, for the estimation, we use Compustat data,

that is a panel data set. To have consistency between the simulated and the observed data, we

need to either add heterogeneity to the simulated data or remove heterogeneity from the observed

data. We select the second approach. To do so, we use �rm and year �xed e�ects when we estimate

variances, covariances, and regression coe�cients.

4.2.1 Estimation Procedure

We provide a brief discussion of the estimation procedure, which closely follows Lee and Ingram

(1991). Let xi be an i.i.d. data vector, i = 1, . . . , n, and let yis (β) be an i.i.d. simulated vector

from simulation s, i = 1, . . . , n, and s = 1, . . . , S. Here, n is the length of the simulated sample,

and S is the number of times the model is simulated. We pick n = 20, 000 and S = 10, following

Michealides and Ng (2000), who �nd that good �nite-sample performance of a simulation estimator

requires a simulated sample that is approximately ten times as large as the actual data sample.

The simulated data vector, yis (β) , depends on a vector of structural parameters, β. In our

application β ≡ (λ, γ, µ, σ, θ, δ). The goal is to estimate β by matching a set of simulated moments,

denoted as h (yik (β)), with the corresponding set of actual data moments, denoted as h (xi). The

candidates for the moments to be matched include for example simple summary statistics or OLS

regression coe�cients. De�ne

gn (β) = n−1
n∑
i=1

[
h (xi)− S−1

S∑
s=1

h (yis (b))

]
.

The simulated moments estimator of β is then de�ned as the solution to the minimization of

β̂ = arg min
β
gn (β)′ Ŵngn (β) ,

in which Ŵn is a positive de�nite matrix that converges in probability to a deterministic positive

de�nite matrix W . In our application, we use the inverse of the sample covariance matrix of the

moments, which we calculate using the in
uence function approach in Erickson and Whited (2000).
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The simulated moments estimator is asymptotically normal for �xed S. The asymptotic distri-

bution of β is given by
√
n
(
β̂ − β

) d
−→ N

(
0, avar(β̂)

)
in which

avar(β̂) ≡
(

1 +
1

S

)[
∂gn (β)

∂β
W
∂gn (β)

∂β′

]−1 [∂gn (β)

∂β
W
W

∂gn (β)

∂β′

] [
∂gn (β)

∂β
W
∂gn (β)

∂β′

]−1

(19)

in which W is the probability limit of Ŵn as n → ∞, and in which 
 is the probability limit of a

consistent estimator of the covariance matrix of h (xi) .

5 Estimation Results

This section presents our results from the SMM estimation of the dynamic agency model. We

start by describing results obtained from estimating the model on the full sample. We then estimate

the model on several subsamples, split according to governance indices as well as �rm characteristics.

We then quantify value losses due to agency frictions in the di�erent samples.

5.1 Baseline Parameter Estimates

Table 4 reports the main estimation results on the full sample. Panel A compares the simulated

moments with the actual moments, while panel B reports the parameter estimates with standard

errors.

Overall, the estimated model provides a reasonable �t to the data. It matches �rst moments of

quantities rather well, as it does serial correlation. On the other hand, volatility is generally too

low, and moments involving asset prices are o�.

More speci�cally, the model matches the overall level of cash quite well. This is important, as

the comparative statics in the previous section have shown that cash holdings are very sensitive

to the severity of the agency con
ict parameter λ, and hence reliable estimates require a good �t

there. The model also matches investment quite well. This is important as the agency con
ict on

a �rst order basis restricts investment.

The model fails to match two important statistics about �rm �nancing and investment, namely
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market leverage and average q. Model-implied market leverage is almost twice as high as its

empirical counterpart. In this sense, the model generates an underleverage puzzle, as documented

in many dynamic capital structure models based on a favorable tax treatment of corporate debt,

which predict excessive leverage ratios of similar magnitudes. This result is likely due to our model

solution abstracting from macroeconomic conditions and assuming that investors are risk neutral.

Indeed, recent work (Bhamra, Kuehn and Strebulaev (2010), Chen (2010)) has pointed out the

importance of accounting for macroeconomic conditions and risk premia in models of corporate

leverage, as corporations likely use debt conservatively as they want to conserve debt capacity for

downturns. This channel is missing in the model. A similar argument applies to average q, which

includes equity values. Equity values are clearly very sensitive to macroeconomic conditions, and in

the presence of time-varying risk premia even more so. In the model, we are abstracting from many

elements that may have contributed to the run-ups in stock market valuations that our data sample

on average q incorporates, such as the arrival of new technologies and growth options coming in the

money. Incorporating such mechanisms into a dynamic agency model would be very interesting.

Volatilities are generally low in the model. While intuitively, this could be easily �xed by a

higher value for σ, the estimation procedure generates a fairly conservative value. If σ is reason-

ably interpreted as idiosyncratic volatility, estimates of it involving stock market data typically

yield considerably higher values. The estimation procedure chooses a rather conservative value

as investment is sharply decreasing in volatility, as documented in the comparative statics in the

previous section. Higher volatility increases the threat of termination, and hence deadweight losses

in capital, and hence discourages investment.

Panel B reports the parameter estimates with standard errors. All of the estimated parameters

are statistically signi�cant. The most interesting parameter of course is λ, which is estimated to

be 0.423. Recall that λ is between zero and one, with a higher value associated with a more severe

agency con
ict. Indeed, under the cash diversion interpretation of the model, we can think of λ as

the fraction of each dollar diverted that managers can use for their own consumption. In this case,

1−λ is the fraction of a dollar that is lost upon diversion. Our estimate thus suggests that observed

�nancing and investment choices imply that investors need to provide managers with incentives not

to divert around 40% of cash 
ows. This appears quite substantial.

The manager’s discount rate is estimated to be γ = 0.045, which is high in comparison to
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investors’ discount rate r = 0.0348. This result is driven by �rms’ cash holdings. The cash-to-asset

ratio is decreasing in relative impatience, and matching the empirical cash-to-asset ratio requires

fairly high relative impatience. While, as discussed above, the estimated idiosyncratic volatility

σ = 0.08 is rather low, the technological parameters θ and δ are in line with more direct empirical

evidence. The estimate θ = 2.219 is at the upper end, but within the range estimated by Whited

(1992), while estimated depreciation δ = 0.152 is well within the range considered in the empirical

literature.

5.2 Sample Splits

SMM estimates the parameters of an average �rm, and therefore subsumes information about

cross-sectional heterogeneity into one parameter estimate. To glean information about cross-

sectional heterogeneity in agency con
icts from the model, we now estimate the model on sub-

samples. This will reveal information about the average �rm in the respective subsamples, and

hence inform us about cross-sectional variation. We split our sample along various corporate gov-

ernance measures as well as according to capital intensity. We create subsamples by splitting the

entire sample into thirds based on the relevant variable, and then discard the middle third.

5.2.1 Governance Splits

We �rst describe our di�erent governance measures. As in Nikolov and Whited (2011) we use

measures based on ownership and two commonly used governance indices. Two of our governance

measures are based on ownership. The �rst is the fraction of stock owned by institutional investors,

with a higher value indicating better governance, presumably because institutions are more likely

to be activist shareholders. For example, Hartzell and Starks (2003) �nd that high institutional

ownership is negatively related to the level of executive compensation, and positively related to pay-

for-performance sensitivity. The second measure is the fraction of stock owned by blockholders,

with a higher value again indicating better governance. As argued by Shleifer and Vishny (1986),

the existence of large independent shareholders makes a takeover easier. In this case, the cost of

a control challenge is smaller, and the market for corporate control puts more discipline on the

manager.

The next two measures are commonly used governance indices from Gompers, Ishii, and Metrick
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(2003) and Bebchuk, Cohen, and Ferrell (2009), the G-index and the E-index, respectively. Both

indices count provisions recorded by the Investor Responsibility Research Center (IRRC) that de-

scribe shareholder rights. The G-index counts all of the provisions documented by the IRRC. The

E-index includes only those provisions argued by Bebchuk, Cohen, and Ferrell (2009) to be the most

important for entrenching managers: staggered boards, limits to shareholder bylaw amendments,

supermajority requirements for mergers, supermajority requirements for charter amendments, poi-

son pills, and golden parachutes. We examine these indices because of their widespread use in the

rest of the governance literature. High G- and E-indices represent weak shareholder (or strong

managerial) power.

Table 5 reports parameter estimates across subsamples along with standard errors. The upper

block of the table presents the results from splitting the sample based on ownership. The results

in the case of institutional ownership conform with economic intuition. The estimate of λ for cor-

porations with higher institutional ownership and hence likely better governance is smaller than

the corresponding estimate for �rms with lower institutional ownership. From the perspective of

the model this suggests that such corporations indeed exhibit a less severe agency con
ict between

shareholders and management, and hence that the fraction of institutional ownership empirically

indeed captures aspects of the quality of governance. Interestingly, �rms with lower institutional

ownership also exhibit higher volatility, suggesting that these are riskier, and higher relative im-

patience on the side of managers. On the other hand, the estimate also indicates that such �rms

appear to be more productive. The results in case of blockholder ownership appear less intuitive

from the perspective of the model. Speci�cally, the estimates indicate that the agency con
ict

induced by the separation of ownership and control is more severe in case of �rms with high block-

holder ownership, contradicting Shleifer and Vishny’s (1986) rationale for using blockownership as

a corporate governance index. Of course, this can cast as much doubt on the model as on the

usage of the index. Similarly, �rms with low blockholder ownership appear to exhibit less volatility,

which appears to be counterintuitive from the usage of the index. On the other hand, the sample

splits on blockholders are the ones with the smallest sample sizes. This could potentially explain

the somewhat counterintuitive results.

The lower block of the table presents the results from splitting the sample based on G- and

E-indices. Recall that high values for the indices stand for weak governance, and to the extent
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that these are good proxies for governance quality, one should expect them to be associated with

a severe agency con
ict. This is what our estimates suggest. High G-index and high E-index come

with higher estimates for λ than low index corporations, as a matter of fact, substantially so. Along

this dimension, these indices do conform with the predictions of the model, and economic intuition.

On the other hand, corporations with better governance according to the indices appear to exhibit

higher volatility.

5.2.2 Capital Intensity Splits

Table 6 presents results from splitting the sample along corporations’ capital intensities, report-

ing both matched moments and parameter estimates. The actual moments reported in panel A

show that �rms with high capital intensity have lower Tobin’s q and higher leverage, they invest

less and hold more cash than corporations with low capital intensity. These moments are consis-

tent with the notion that capital intensive �rms are pro�table ’value’ �rms with lots of assets in

place and collateral, while low capital intensity �rms are ’growth’ �rms with many uncollaterizable

growth options. Since more capital intensive �rms are more pro�table, they hold more cash. The

model matches this pattern fairly well, while it fails to reproduce the relative magnitudes of lever-

age and Tobin’s q. This is likely due to the linear production technology adopted in the model

that fails to capture di�erential growth opportunities between capital intensive and less intensive

�rms. Indeed, the model clearly is inconsistent with many stylized features of the size distribution

of �rms. Incorporating decreasing returns into the dynamic agency model would be a valuable

extension, which would - however- come at the cost of substantial loss of tractability and increased

computational 
exibility.

Panel B reports parameter estimates across split samples. Consistent with economic intuition,

the model predicts low capital intensity �rms, that is ’growth’ �rms, to have a higher private

bene�ts, higher volatility, but also higher productivity. The prediction on higher private bene�ts,

and hence a more severe agency con
ict, is driven by the empirical evidence of lower cash holdings,

which, as shown in the comparative statics in the previous section, is decreasing in λ.
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5.2.3 Agency and Value Losses

Table 7 quanti�es values losses and underinvestment relative to �rst best in various samples.

We compute the loss in value as 1− qa/aFBa and quantify underinvestment as 1− i/iFB. The left

panel reports value losses, while underinvestment is reported in the right panel. Value losses can be

substantial. Estimated on the full sample, agency frictions imply a loss in average value of almost

3%. This comes with an average underinvestment of 16%. On subsamples sorted along ownership

characteristics, �rms with better corporate governance incur lower value losses, and underinvest less,

in line with the intuition that agency con
icts induced by the separation of ownership and control

are less severe. On the other hand, the results are mixed when it comes to the E- and G-indices.

While �rms with high E-index, and hence, weaker corporate governance, incur substantially higher

value losses and underinvest signi�cantly more than corporations with low E-index, the opposite is

true in case of the G-index. In this case, however, the quantitative di�erences are much smaller. On

the other hand, these comparisons do not isolate di�erences in agency con
icts only, but di�erences

along all characteristics, which may explain parts of the discrepancies.

6 Conclusion

We quantify agency con
icts induced by the separation of ownership and control in public

�rms by means of structural estimation. To that end, we use a simulated method of moments

approach to estimate the parameters of a q-theoretic dynamic agency model of �rm investment

along the lines of DeMarzo, Fishman, He and Wang (2012). In the model, an agency con
ict arises

because of the separation of ownership and control. Investors hire a manager to run the �rm whose

unobserved actions a�ect the performance of the �rm. By providing low e�ort, managers enjoy

private bene�ts at a rate λ per unit of capital. Investors thus aim at designing an optimal contract

with managers specifying investment and managerial compensation in such a way as to provide

them with incentives to always provide full e�ort. The parameter λ thus provides a clean and

direct measure of the severity of the agency con
ict induced by the separation of ownership and

control. The model is highly tractable and is therefore amenable to a computationally intensive

simulation-based estimator.

We take the model to the data by implementing the optimal contract by means of standard
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securities such as cash, debt and equity. Our simulated method of moments approach allows us to

back out the parameter λ from the observed �nancing and investment decisions of corporations.

To that end, our estimator picks parameters that brings the simulated moments from the model

on �rms’ �nancing, investment and managerial compensation as close as possible to their empirical

counterparts.

Our estimates suggest that in order to rationalize observed �rm �nancing and investment poli-

cies, the agency con
ict between investors and managers, as measured by λ, needs to be substantial.

Interpreting λ as the fraction of output that managers can divert for their private bene�t, sets this

number close to 40%. We provide further empirical implications of the model about the determi-

nants of agency con
icts based on sample splits according to governance and �rm characteristics.
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Table 1: Variable Definitions.

Table 1 presents de�nitions of variables and sources of data used.

Variable (Data Source) Variable De�nition

Investment and Financial Characteristics (Compustat)
Cash Cash and Short-Term Investments (CHE) / Assets - Total (AT)
Investment Capital Expenditures (CAPX) - Sale of Property (SPPE)

/ Property Plant and Equipment - Total (Gross) (PPEGT)
Book Equity Stockholders Equity - Total (SEQ) + Deferred Taxes and Investment Tax Credit

(TXDITC) - Preferred/Preference Stock (Capital) - Total (PSTK)
if (PSTK) missing then Preferred Stock ? Redemption Value (PSTKRV)
if (PSTKRV) missing then Preferred Stock ? Liquidating Value (PSTKL)

Book Debt Assets - Total (AT) - Book Equity
Market-to-Book (Common Shares Outstanding (CSHO) * Price Close - Annual

Fiscal Year (PRCC F) + Book Debt (BD)) / Assets - Total (AT)
Market Leverage Book Debt / (Common Shares Outstanding (CSHO) * Price Close - Annual

Fiscal Year (PRCC F)+ Book Debt (BD)) / Assets - Total (AT)
Depreciation Depreciation and Amortization (DP) / Property Plant and Equipment

- Total (Gross) (PPEGT)
Liquidation cost See Section XXX

Executive Compensation (ExecuComp)
Managerial compensation variables are computed for the 5 highest paid executives of the �rm.

Managerial Ownership Shares Owned - Options Excluded (SHROWN EXCL OPTS)
/ Common Shares Outstanding (CSHO)

Managerial Own. & Options (Shares Owned - Options Excluded (SHROWN EXCL OPTS)
+ Unexercised Exercisable Options (OPT UNEX EXER NUM))
/ Common Shares Outstanding (CSHO)

Managerial Own. & Options II(Shares Owned - Options Excluded (SHROWN EXCL OPTS)
+ Unexercised Exercisable Options (OPT UNEX EXER NUM)
+ Unexercised Unexercisable Options (OPT UNEX UNEXER NUM))
/ Common Shares Outstanding (CSHO)

Institutional Ownership (Thompson Financial)
Institutional ownership Fraction of stock owned by institutional investors

Blockholders (IRRC blockholders)
Blockholder ownership Fraction of stock owned by outside blockholders

Anti-Takeover Provisions (IRRC governance)
Gindex 24 anti-takeover provisions index by Gompers, Ishii, and Metrick (2003)
Eindex 6 anti-takeover provisions index by Bebchuk, Cohen, and Farell (2004)

Capital-Labor Characteristics (NBER)
Capital Intensity Total real capital stock / Total payroll
Capital Intensity II Total real capital stock / Production worker wages

Risk-free rate (FED)
Risk-free rate Average T-bill rate
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Table 2: Descriptive Statistics.

Table 2 presents descriptive statistics for the main variables used in the estimation. The sample is based

on Compustat Annual Industrial Files, ExecuComp, IRRC governance, IRRC blockholders, and Thompson

Financial. The sample covers the period from 1992 to 2010 at the annual frequency. Table 1 provides a

detailed de�nition of the variables.

Mean S.D. 25% 50% 75% Obs

Investment and Financial Characteristics
Cash 0.131 0.160 0.020 0.064 0.184 12,187
Investment 0.119 0.102 0.057 0.092 0.148 12,187
Market-to-Book 1.932 1.257 1.184 1.539 2.191 12,187
Leverage 0.346 0.214 0.177 0.316 0.483 12,187
Depreciation 0.110 0.089 0.064 0.087 0.126 12,187
Liquidation Cost 0.375 0.176 0.260 0.368 0.486 12,065
Book Assets (in billions) 5.608 12.203 0.535 1.397 4.326 12,187

Managerial Characteristics
Ownership 0.035 0.073 0.003 0.008 0.027 12,187
Ownership + Options 0.050 0.073 0.011 0.024 0.053 12,187
Ownership + Options II 0.060 0.079 0.017 0.035 0.068 12,187

Ownership Structure
Institutional Ownership 0.662 0.189 0.554 0.688 0.802 5,152
Blockholder Ownership 0.167 0.140 0.060 0.145 0.254 2,020

Anti-Takeover Provisions
Gindex 7.368 2.619 6.000 7.000 9.000 5,821
Eindex 2.403 1.288 1.000 3.000 3.000 5,821

Capital-Labor Characteristics
Capital Intensity 3.993 3.463 1.698 2.714 4.674 3,104
Capital Intensity II 8.738 7.210 3.814 6.038 10.728 3,104
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Table 3: Elasticity of Model Moments to Parameters.

Table 3 presents elasticities of model moments to model parameters, (∂h/∂β)/(β/h). The baseline param-

eters are set as in Section 3. λ is the agency parameter. γ is the agent’s discount rate. µ is the expected

productivity. σ is the volatility of the productivity process. θ is the quadratic capital adjustment cost. δ is

the capital depreciation rate.

Moments λ γ µ σ θ δ

Average cash 0.1605 -0.5638 -6.4554 17.8742 0.3472 -1.7688 -12.5768
Variance of cash 0.0007 0.4960 -9.2509 45.1265 1.0149 -8.2505 -41.3495
Serial correlation of cash 0.8133 0.2237 -0.3296 3.5046 0.0104 -0.5464 -3.1591
Average investment 0.0949 -0.1290 -2.5001 11.4576 -0.1229 -1.3750 -8.7668
Variance of investment 0.0002 1.4537 2.2836 14.8169 1.7253 -13.3473 -36.0322
Serial correlation of investment 0.7492 0.2179 -0.1898 4.7829 0.0623 -1.0285 -4.6671
Average Tobin’s q 1.2456 -0.0180 -0.2824 2.2686 -0.0179 -0.1243 -1.6989
Serial correlation of Tobin’s q 0.6056 0.0795 -1.1974 8.4072 0.0507 -1.4464 -8.9537
Average Leverage 0.6679 0.1925 0.2684 -0.9823 -0.2396 -0.1459 0.5765
Serial correlation of Leverage 0.8205 0.2230 -0.2646 3.0840 0.0119 -0.4839 -2.7708
Covariance of cash and investment 0.0003 0.9274 3.2772 29.1713 1.4004 -11.4601 -43.5943
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Table 4: Simulated Moments Estimation.

Calculations are based on a sample of non�nancial, unregulated �rms from the annual 2011 COMPUSTAT

industrial �les. The sample period is from 1992 to 2010. The estimation is done with SMM, which chooses

structural model parameters by matching the moments from a simulated panel of �rms to the corresponding

moments from the data. Panel A reports the simulated and actual moments. Panel B reports the estimated

structural parameters. λ is the agency parameter. γ is the agent’s discount rate. µ is the expected produc-

tivity. σ is the volatility of the productivity process. θ is the quadratic capital adjustment cost. δ is the

capital depreciation rate. Standard errors are in parentheses under the parameter estimates.

Panel A: Moments

Actual moments Simulated moments

Average cash 0.1308 0.1313
Variance of cash 0.0047 0.0004
Serial correlation of cash 0.9177 0.7675
Average investment 0.1192 0.1005
Variance of investment 0.0056 0.0002
Serial correlation of investment 0.5662 0.6827
Average Tobin’s q 1.9324 1.2301
Serial correlation of Tobin’s q 0.7562 0.4841
Average Leverage 0.3463 0.6521
Serial correlation of Leverage 0.8947 0.7792
Covariance of cash and investment 0.0005 0.0002

Panel B: Parameter Estimates

λ γ µ σ θ δ

0.4230 0.0450 0.2200 0.0890 2.2190 0.1520
(0.0290) (0.0050) (0.0050) (0.0060) (0.1450) (0.0050)

33



Table 5: Simulated Moments Estimation: Sample Splits.

Table 5 reports the estimated structural parameters. λ is the agency parameter. γ is the agent’s discount

rate. µ is the expected productivity. σ is the volatility of the productivity process. θ is the quadratic capital

adjustment cost. δ is the capital depreciation rate. Standard errors are in parentheses under the parameter

estimates. Panel A to H present results from split-sample estimations. The sample is split with respect to

high and low i) institutional ownership, ii) blockholder ownership, iii) the Gindex, and iv) the Eindex. High

and low refer to the top and bottom 35% of the distribution, respectively.

λ γ µ σ θ δ

Panel A : Institutional Ownership - High
0.3968 0.0391 0.2078 0.0796 2.0245 0.1466

(0.0519) (0.0035) (0.0060) (0.0057) (0.2600) (0.0048)

Panel B : Institutional Ownership - Low
0.4368 0.0465 0.2195 0.1148 1.1518 0.1641

(0.0606) (0.0119) (0.0093) (0.0147) (0.1665) (0.0101)

Panel C : Blockholder Ownership - High
0.4288 0.0468 0.2198 0.1033 1.1500 0.1632

(0.0268) (0.0049) (0.0022) (0.0050) (0.0983) (0.0016)

Panel D : Blockholder Ownership - Low
0.4085 0.0478 0.1991 0.0989 1.8496 0.1377

(0.1324) (0.0200) (0.0191) (0.0322) (0.2610) (0.0194)

Panel E : Gindex - High
0.4049 0.0403 0.2079 0.0774 1.9975 0.1454

(0.0894) (0.0050) (0.0060) (0.0060) (0.2273) (0.0053)

Panel F : Gindex - Low
0.3157 0.0398 0.2126 0.1113 1.1633 0.1583

(0.1180) (0.0058) (0.0074) (0.0157) (0.2260) (0.0075)

Panel G : Eindex - High
0.4565 0.0468 0.2042 0.0811 1.1502 0.1501

(0.0431) (0.0043) (0.0058) (0.0056) (0.1025) (0.0049)

Panel H : Eindex - Low
0.3025 0.0366 0.2092 0.1060 1.1500 0.1568

(0.0149) (0.0015) (0.0073) (0.0057) (0.3706) (0.0038)
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Table 6: Simulated Moments Estimation: Capital Intensity.

Calculations are based on a sample of non�nancial, unregulated �rms from the annual 2011 COMPUSTAT

industrial �les. The sample period is from 1992 to 2010. The estimation is done with SMM, which chooses

structural model parameters by matching the moments from a simulated panel of �rms to the corresponding

moments from the data. Panel A reports the simulated and actual moments. Panel B reports the estimated

structural parameters. λ is the agency parameter. γ is the agent’s discount rate. µ is the expected produc-

tivity. σ is the volatility of the productivity process. θ is the quadratic capital adjustment cost. δ is the

capital depreciation rate. Standard errors are in parentheses under the parameter estimates. The sample is

split with respect to high and low capital intensity. High and low refer to the top and bottom 35% of the

distribution, respectively.

Panel A: Moments

Capital Intensity: High Capital Intensity: Low
Actual Simulated Actual Simulated

Moments Moments Moments Moments

Average cash 0.1704 0.1724 0.1358 0.1457
Variance of cash 0.0053 0.0009 0.0058 0.0009
Serial correlation of cash 0.9518 0.7994 0.9029 0.8065
Average investment 0.1163 0.0852 0.1321 0.0795
Variance of investment 0.0091 0.0005 0.0056 0.0014
Serial correlation of investment 0.5046 0.7439 0.5802 0.8173
Average Tobin’s q 2.0604 1.1752 2.2067 1.1609
Serial correlation of Tobin’s q 0.7250 0.5519 0.6979 0.6620
Average Leverage 0.3465 0.5752 0.2805 0.6138
Serial correlation of Leverage 0.9160 0.8081 0.8683 0.7992
Covariance of cash and investment 0.0006 0.0006 0.0007 0.0010

Panel B: Parameter Estimates

λ γ µ σ θ δ

Capital Intensity: High
0.3099 0.0545 0.1811 0.1003 1.9416 0.1223

(0.1176) (0.0157) (0.0207) (0.0331) (0.4364) (0.0161)
Capital Intensity: Low

0.4391 0.0507 0.1917 0.1088 1.8219 0.1318
(0.1774) (0.0260) (0.0243) (0.0434) (0.3528) (0.0240)
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Table 7: Value Loss and Underinvestment.

Table 7 reports the value loss, measured in terms of Tobin’s q, and the underinvestment due to the agency

friction. The average Tobin’s q and the average investment, based on the SMM parameter estimates, are

compared to their �rst-best counterparts, i.e the scenario where there is no agency con
ict.

Value loss: (1 − qa/q
FB
a ) Underinvestment: (1 − i/iFB)

Main Sample 0.0299 0.1679

Institutional Ownership - High 0.0105 0.0725
Institutional Ownership - Low 0.0396 0.3413

Blockholder Ownership - High 0.0482 0.3708
Blockholder Ownership - Low 0.0601 0.3493

Gindex - High 0.0155 0.0999
Gindex - Low 0.0171 0.1508

Eindex - High 0.0505 0.3638
Eindex - Low 0.0053 0.0548

Capital Intensity - High 0.0972 0.4519
Capital Intensity - Low 0.0894 0.4733
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Figure 1: Investment, Tobin’s q, and Market Value of Securities.

Figure 1 depicts the relation between investment, Tobin’s q, and the market value of securities, with respect

to the continuation value of the agent. The model parameters are set as in the base case scenario.
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Figure 2: Comparative Statics: Cash and Investment.

Figure 2 depicts the relation between the agency parameter, λ, the agent’s discount rate, γ, the expected

productivity, µ, the volatility of the productivity process, σ, and the quadratic capital adjustment cost, θ,

and i) the cash to assets ratio and ii) investment.
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Figure 3: Comparative Statics: Tobin’s q and Leverage.

Figure 3 depicts the relation between the agency parameter, λ, the agent’s discount rate, γ, the expected

productivity, µ, the volatility of the productivity process, σ, and the quadratic capital adjustment cost, θ,

and i) Tobin’s q and ii) leverage.
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Figure 4: Cumulative Distribution Functions: Cash and Investment.

Figure 4 depicts the relation between the agency parameter, λ, the agent’s discount rate, γ, the expected

productivity, µ, the volatility of the productivity process, σ, and the quadratic capital adjustment cost, θ,

and the cumulative distribution function of i) the cash to assets ratio and ii) investment.
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Figure 5: Cumulative Distribution Functions: Tobin’s q and Leverage.

Figure 5 depicts the relation between the agency parameter, λ, the agent’s discount rate, γ, the expected

productivity, µ, the volatility of the productivity process, σ, and the quadratic capital adjustment cost, θ,

and the cumulative distribution function of i) Tobin’s q and ii) leverage.
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