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1 Introduction

How important are peer e�ects for corporate decision making? Firms do business and �nance

their activities as part of a diverse set of stakeholder relationships, manifesting the impor-

tance of understanding the empirical relevance of such interrelations in corporate policies.

If �rms optimize with their peers in mind, this system of interrelations will be important

for the interpretation of observed data. In the context of �rm �nancial decisions, Leary and

Roberts (2014) focus on establishing a role for actions undertaken by peer �rms as part of

�nancial objectives, as well as quantitatively examine peer group externalities in choice of

leverage. In this paper, I explicitly incorporate such strategic interactions in estimating a

game of imperfect information in order to evaluate the importance of peer �rm policies in

cash holdings from the perspective of �rms as decision makers. Estimation results suggest

that �rms account for the actions of their peers when setting optimal cash policies, evident

from the substantial cost a typical �rm assigns to every percentage point it falls behind the

peer group median cash holdings. Firms behave as if every incremental percentage point they

are below the peer group median cash holdings is associated with a cost approximately equal

to a 1 percentage loss in operating income, or 0.2 percent of the �rms capital. This �gure is

consistent across identi�cation strategies, with the most conservative estimate approximately

equal to a corresponding 0.5 percentage loss in operating income. This cost is larger when

�rms are associated with higher information asymmetry, or when �rms have lower R&D

spending. In particular, for �rms in industries with high (low) information asymmetry this

cost is 1.16% (0.94%), while for industries with high (low) R&D spending the cost is 0.67%

(1.33%).
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I complement the existing literature on peer e�ects by quantifying the cost of deviating from

peer cash policies as well as laying the foundation for counterfactual experiments within the

framework of the model. Fresard (2010) show that there is a distinct e�ect of cash holdings

on future �rm performance beyond that of other �rm characteristics, suggesting that peer

e�ects in cash policies will have an impact on future �rm performance. In order to high-

light the additional insights o�ered by the approach taken in this paper, it is instructive

to consider the methods used in light of natural alternative approaches. One way to gauge

the importance of peer e�ects would be to estimate regressions with �rm value/abnormal

returns as dependent variables and cash holdings/changes in cash holdings as explanatory

variables. Similarly, one could estimate the impact of peer �rm characteristics and policies

on �rm characteristics and policies. Both approaches could be implemented using instru-

mental variables and other quasi-experimental approaches to further strengthen evidence

of causality, and both approaches yield economically interesting and important quantities.

However, my research questions motivate a slightly di�erent empirical approach. In asso-

ciating cash holdings, whether relative to peers or not, with market value the emphasis is

on how equity holders value their claim to a company's cash �ow, and in particular how

this valuation depends on �rms' cash policies. I am, on the other hand, interested in how

�rms as decision makers evaluate their relative position to peer when they make decisions.1

Although equity holders in�uence corporate actions through their valuation of �rm equity

and impact on corporate governance more generally, focusing on the decision making entity

1Note that I will refer to �rms and managers interchangeably in terms of the model. I am not able to
obtain the preference parameters of �rm managers in their joint optimization of �rm and personal labor
decisions. Rather, I am interested in the preferences underlying observed decisions made by �rms. One can
therefore think of the estimated parameters characterizing the preferences and constraints of a representative
agent, determined by the in�uence of all relevant stakeholders.
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explicitly is bene�cial in that it captures peer e�ects from the broadest set of potential chan-

nels. Furthermore, the in�uence of peers on decision makers is completely characterized by

how costly they experience discrepancies from peers, a quantity that is unobservable and

di�cult to estimate directly from prices or returns. However, with an economic model and

in particular a speci�cation of managerial utility, it is possible to quantify the magnitude of

peer e�ects from the perspective of �rm decision makers. If managers indeed tend to prefer

cash policies that mimic their peers, this will lead �rms to choose cash holdings more uni-

formly. Hence, another test aimed at understanding peer e�ects in cash holdings would be

to estimate how peer �rm actions in�uence �rm actions. This achieves a description of how

�rms choose their cash holdings as a function of peer �rm actions. However, my research

questions relate to the deeper preference of managers, which are not immediate from such a

framework. In fact, the estimated quantities in this paper can be seen as an interpretation

of observed behavior, for example as represented by regression analyses relating �rms' cash

holdings to each other, in light of the model framework. In particular, it is the notion that

observed policies are optimal and thus better than plausible alternatives that is the key as-

sumption allowing for identi�cation of peer e�ects as de�ned by the cost of deviation from

peers, and it is precisely the nature of this basic �rm characteristic that is the focus of this

study. However, in general identi�cation is established by assumptions and the assumptions

here are di�erent than that of the alternative approaches indicated above. The model is the

instrument through which data is summarized by a set of structural parameters. If the model

is an inadequate representation of �rms, this will be re�ected in the estimated parameters.

Key among such concerns are omitted state variables; an issue I explicitly address in the

estimation.
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The relative importance of the governing forces through which peer e�ects arise is theoreti-

cally and empirically challenging to evaluate. In a situation of imperfect competition it is not

a priori clear how interrelations in product market strategies will in�uence other corporate

policies, nor vice versa. For example, Bolton and Scharfstein (1990) show that asymmet-

ric �nancial �exibility might induce predatory strategies by rival �rms, while Brander and

Lewis (1986) demonstrate how �nancial policies can be commitment mechanisms for product

market strategies.2 The idea that competition over future investment opportunities might

also induce �rms to hold similar cash levels is conceptually similar to e.g. DeMarzo, Kaniel,

and Kremer (2007) who show that, due to relative wealth concerns stemming from future

competition over scarce resources, investment in new technology might be excessive (see also

DeMarzo, Kaniel, and Kremer (2008, 2004)). Furthermore, frictions such as imperfect infor-

mation will not only alter competitive equilibria but likely induce similar e�ects in its own

right. Prominently, managers unsure in characterizing optimal actions can observe �rms fac-

ing similar challenges to learn about how their peers evaluate business conditions and form

associated �rm policies, and �rms that seek to reduce information asymmetry by altering the

�nancial market perception of their true state have to be concerned about their rank in the

set of �rms under consideration. I will rely on this intuitive notion in the framework applied

in this paper, while Grenadier, Malenko, and Strebulaev (2014) formally show how mim-

icking in investment abandonment decisions arise optimally due to asymmetric information.

In particular, in a real options model where common shocks force termination of projects

irrespective of quality, there are gains to postpone abandonment to an informationally less

revealing environment. Another rigorous treatment of imitation in a dynamic model can be

2Chevalier and Scharfstein (1996) also study how asymmetries in �nancial �exibility can a�ect relative
performance in the product market.
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found in Conlisk (1980).3

The main contribution of this study is an investigation of the relevance of peer e�ects in

corporate decision making; in particular for corporate cash holdings, and is therefore closely

related to Leary and Roberts (2014) who perform a conceptually similar analysis of �rm

capital structure, emphasizing the importance of future corporate �nance research explicitly

recognizing �rm interactions; Francis, Hasan, and Kostova (2016) who provide international

evidence on importance of peer e�ects in leverage decisions, highlighting the role of investor

protection laws, creditor rights laws and equity market development in shaping peer in-

�uende; Kaustia and Rantala (2015) who show that �rms have a propensity to split their

stock that is increasing in peer �rm stock split events and associated announcement returns;

Popadak (2017) who �nd that peer e�ects have a positive in�uence on dividend payments

and negative e�ect on the time to dividend changes; and Chen and Chang (2012) who apply

the Leary and Roberts (2014) identi�cation strategy to study cash holdings. The research

questions of this study are distinct from the latter in focusing on quantifying the costs �rms

assign to being di�erent from their peers as a basis for understanding peer e�ects, made pos-

sible by estimating a dynamic game of imperfect information. An additional bene�t is the

possibility of doing counterfactual analyses experiments where �rm behavior with di�erent

levels of peer e�ects can be compared.

There is a large literature studying the determinants of corporate cash holdings and the

overall time series pattern of cash holdings, see e.g. Bates, Kahle, and Stulz (2009); Harford,

Mansi, and Maxwell (2008); Opler, Pinkowitz, Stulz, and Williamson (1999). A key strand

3In Scharfstein and Stein (1990) mimicking in investment arises due to labor market concerns stemming
from perceived managerial ability determining compensation and being dependent on relative performance.
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of the existing cash holdings literature relating to peer e�ects are studies of product markets

and cash holdings. Introducing the new measure �uidity of product market threats, taking

the form of the intro-relative movement by competitors in product space, Hoberg, Phillips,

and Prabhala (2014) �nd that cash holdings are higher for �rms facing higher product

market threats. Morellec, Nikolov, and Zucchi (2013) emphasize the importance of �nancing

constraints in the relation between competition and cash holdings. Focusing on predation

risk, Haushalter, Klasa, and Maxwell (2007) �nd that �rms manage predation risk by holding

more cash while Chi and Su (2016) show that corporate cash holdings are more valuable when

predation risk is higher. Larkin (2013) �nds that �rms with comeptitive advantages in the

form of stronger brand value hold relatively less cash. Using instrumental variables and a

natural experiment, Fresard (2010) focus on the ex post e�ects of cash holdings and establish

an e�ect of cash holdings on future product market performance. The role of peer groups

in determining optimal cash policies is also recognized in other studies where the primary

focus is not peer e�ects per se. One example is Harford (1999), who estimate �normal�

cash holdings using panel regressions estimated on samples split by industries in order to

account for the di�erences in cash policies across industries. New to the above literature

is my investigation of the signi�cance of �rm interrelations in corporate decision making

in a framework that allows for a quanti�cation of how important peer actions are for cash

holdings.

Similarly, proxies for information asymmetry are common in studies of cash policies due to

the prominence of information related friction in understanding corporate �nance (e.g. Opler,

Pinkowitz, Stulz, and Williamson, 1999). Studies with an explicit main focus on information

asymmetry include e.g. Drobetz, Grüninger, and Hirschvogl (2010), who in a cross-country
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study �nd that, consistent with free cash �ow theory of Jensen (1986), cash holdings are

valued inferiorly when information asymmetry is high. Rather than focusing on how �rms'

information environments are associated with cash holdings more broadly, I allow for a role

of information asymmetry in establishing peer e�ects in corporate behavior, and study cash

holdings and information asymmetry from the perspective of interrelated decision making.

This study is also related to Jiang and Lie (2016), who investigate the speed of adjustment of

cash holdings. Jiang and Lie (2016) �nd that �rms annually eliminates 31% of the distance

to optimal cash holdings, a number that is higher for �rms with excess cash but decreasingly

so when �rms experience reduced takeover threats, supportive of managerial entrenchment

as a source of cash stockpiling. My analysis is centered around peer �rm cash holdings as

a references point for optimal cash policy, and di�ers from Jiang and Lie (2016) in that the

emphasis is not on a speed of adjustment per se.

Dynamic models have been used to illuminate several aspects of corporate cash policy.

Whited (2006) introduces cash savings to study how external �nance constraints a�ect the

likelihood of initiating large investment projects. In a model where cash reduces external

�nancing costs but cash interest is taxed, Riddick and Whited (2009) study the optimal

savings policy of �rms and �nd that, controlling for Tobin's q, saving and cash �ow are neg-

atively related, which is further con�rmed in their empirical analysis. Gamba and Triantis

(2008) analyze the value of �nancial �exibility in a model where �nancing frictions induce

joint borrowing and lending. Nikolov and Whited (2014) estimate a model incorporating

agency costs, evaluate the relative importance of di�erent agency mechanisms, and also �nd

that lower managerial ownership and the associated misalignment of interests is an impor-
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tant driver of the increase in corporate cash holdings.4 Gao, Whited, and Zhang (2016)

develop a dynamic model where costs of external �nance are determined by interest rates,

explaining the hump-shaped relation between interest rates and cash holdings documented

in the paper. Furthermore, Bakke and Gu (2016) analyse the cash holding decisions of con-

glomerates vs. standalone �rms based on a structural estimation of a dynamic investment

model, while Gu (2016) focus on the cash holding di�erential associated with �rms having

overseas activities. New to this literature is my attempt at estimating a model where there

are inter-�rm strategic components to cash holdings, as suggested by Strebulaev and Whited

(2012) and also proposed by Leary and Roberts (2014). To the best of my knowledge, this

is the �rst structural estimation of a dynamic game with emphasis on corporate �nancial

decision-making based on non-experimental data, implemented using estimators originat-

ing from empirical industrial organization. In particular, I apply the Bajari, Benkard, and

Levin (2007) two-step estimator, making the computational challenges manageable while

also allowing for continuous choice variables.

The rest of the paper proceeds as follows: In Section 2 I present the theoretical model, while

the data and empirical implementation are outlined in Section 3. The estimation results are

presented in Section 4. Concluding remarks are given in Section 5.

2 Theoretical Framework

The purpose of this paper is to evaluate the importance of peer e�ects in cash holding

decisions. This is accomplished by estimating a model where �rms noncooperatively make

4See also Anderson and Carverhill (2012), Eisfeldt and Muir (2016), Hugonnier, Malamud, and Morellec
(2014), Kisser (2013), Decamps, Mariotti, Rochet, and Villeneuve (2011).
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simultaneous investment and �nancing decisions, facing non-pecuniary costs of deviating

from peer �rms along the dimensions of cash holdings. The choice of a simultaneous move

game has important implications for the interpretation of the results, e.g. will learning only

enter through dynamic behavior over several time periods, consistent with the reduced form

modeling choice of strategic behavior. In this section I describe the basic framework that

will be the foundation for the subsequent estimation.

2.1 The Model Setting

The basic agents of the model are �rms making investment and external �nancing decisions,

using cash a storage technology allowing cash �ows to be saved for later investment use. Each

�rm is equipped with a set of peer �rms, forming transitive peer groups that are exogenously

given and constant over time, i.e. there is no entry or exit. There are Nj,t �rms in peer

group j at time t, indexed by ijt . Time is discrete in an in�nite-horizon setting. Firm ijt

faces productivity zji,t ∈ [0, zj] generating cash �ows zji,tk
j
i,t, where k

j
i,t is the non-negative

capital stock of �rm i in peer group j at time t, bounded also from above by k
j
. Irreversible

investment Iji,t−1 ∈ [0, I
j
] adds unit price capital to the depreciated stock (1 − δ)kji,t−1 in

generating the new capital stock kji,t. The law of motion for pro�tability follows a Markov

process with i.i.d. �rm level shocks:

zji,t = Gj
z

(
zji,t−1

)
+ εjz,i,t

εjz,i,t ∼ N
(
0, σjz|z

j
i,t−1

) (1)

Unlike e.g. Warusawitharana (2015), who estimates a model where R&D investment serves

to stochastically alter �rms' pro�tability processes, �rms cannot alter their underlying prof-
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itability. In relying on an exogenous process as a key driving force of �rm cash �ows, it

is clear that several aspects of �rm strategy cannot be investigated in great detail, e.g the

relation between cash holdings and �investment� in market shares (Chevalier and Scharf-

stein (1996). This modeling choice is data driven, but allows for illumination of the key

mechanisms of interest to the research questions under study, consistent with pro�tability as

observed in the data. For example, pro�tability will be an important consideration in �rms'

decisions on how much cash to save and how much to spend on capital. Investment induces

the following adjustment costs:

Φj
I

(
Iji,t, k

j
i,t

)
= IIji,t>0

φjI,1Kj
i,t + φjI,2

(
Iji,t

Kj
i,t

)2
 (2)

where IA is an indicator variable for condition A being true. Cash in any given period is the

sum of cash, external �nance and cash �ows in the previous period:

pji,t = pji,t−1 + eji,t−1 + πji,t−1 (3)

where πji,t−1 is cash �ow de�ned as operating income net of investment, investment adjust-

ment costs, cost of cash holdings and external �nancing costs, as speci�ed below. The main

contribution of this framework is to allow for interrelated decision making in a game be-

tween peer �rms. In doing so, I follow previous literature and let managers gain utility from

deviation from their peers in relevant dimensions. The cost of holding cash pji,t is

Φj
p

(
pji,t, k

j
i,t, ξ

j
i,t

)
+ γjpf

p

(
pji,t

kji,t
−
(̃p
k

)j
−i,t

)
(4)
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where
(̃
p
k

)j
−i,t is the median cash holdings of peer �rms and ξji,t is a state variable capturing

unmodeled incentives for holding cash, which is further explained below. The parameter γjp

captures the utility that �rms obtain from deviating from peer group cash holding decisions

through the function fp
(
pji,t

kji,t
−
(̃
p
k

)j
−i,t

)
in any given period. The key assumption imposed

here is therefor that �rms compare their own level of cash holdings to the median cash

holdings of their peers. γjp can also be a vector of parameters depending on the function

fp (·). The γjp parameter is, together with similar considerations for other policies, the source

of strategic interaction in the model, making �rm decisions interrelated. The remaining cost

component Φj
p

(
pji,t, k

j
i,t, ξ

j
i,t

)
of cash holdings are given by:

Φj
p

(
pji,t, k

j
i,t, ξ

j
i,t

)
= Ipji,t>0

((
φjp,1p

j
i,t

)
+ φjp,ξξ

j
i,t

)
(5)

The added reduced form speci�cation of the strategic costs of cash holdings �nds sound

motivation in industrial organization, marketing and other areas of research emphasizing

strategic considerations as explained above. I have opted for a reduced form speci�cation

partly because of data availability. A model incorporating endogenous pricing, quantities,

entry and exit would allow for a fascinating inquiry into the details of the mechanisms at

work. However, for my chosen sample such information is either missing or otherwise not

satisfactorily available.

The above speci�cation embeds active interactions resulting in underlying �social multipliers�

of interrelated �rm policies, also through forward looking behavior.5 In further speci�cations

I also investigate asymmetries in these relations. Intuitively, the notion guiding methods and

5See e.g. Hartmann, Manchanda, Nair, Bothner, Dodds, Godes, Hosanagar, and Tucker (2008) for a
survey.
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modeling, as captured by the above costs of deviating from peer �rms, is methodologically

similar to endogenous conformity from resulting preferences for adherence to social norms

through utility of other agents' perceptions of oneself, as in e.g. Bernheim (1994), with

the key di�erence that costs of deviation in this setup are meant to proxy for the value of

avoiding future monetarily undesirable states. In order to allow for asymmetries in the cost

of being above and below the median ratios of cash to capital in any given peer group, I use

the following functional form to capture the costs of deviating:

I(
p
j
i,t

k
j
i,t

−(̃ pk)
j

−i,t

)
>0
γjp,1

∣∣∣∣∣p
j
i,t

kji,t
−
(̃p
k

)j
−i,t

∣∣∣∣∣+ I(
p
j
i,t

k
j
i,t

−(̃ pk)
j

−i,t

)
<0
γjp,2

∣∣∣∣∣p
j
i,t

kji,t
−
(̃p
k

)j
−i,t

∣∣∣∣∣ (6)

I will use IA as shorthand notation for I(
p
j
i,t

k
j
i,t

−(̃ pk)
j

−i,t

)
>0
. The bene�ts of cash stem from

future ability to take advantage of investment opportunities without resorting to costly

external �nance, which in the model framework will be bene�cial in terms of relative product

market performance to the extent that otherwise similarly situated peer �rms cannot. This

is consistent with the evidence in e.g. Fresard (2010), but without a more elaborate model

of and data on competitive equilibrium, further insight into the relation between product

market strategies and cash holdings, as well as the former's relative importance to the latter,

is not immediate from the model. Furthermore, the emphasis here is on the relation between

industry peers, and the role of cash in e.g. deterring entry (Benoit (1984) is not captured

by the model. For a dynamic cash management model taking into account competition, see

e.g. Morellec, Nikolov, and Zucchi (2013).

The main emphasis is on peer e�ects in cash holdings, though in robustness tests I also

let external �nance be characterized by peer e�ects explicitly. Let
(̃
e
k

)j
−i,t be the median
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external �nancing activity among the peers of �rm i. Firms achieve the following exogenous

utility of deviating from the peer group average external �nance:

γjef
e

(
eji,t

kji,t
−
(̃ e
k

)j
−i,t

)
(7)

The total costs of raising external �nance are given by:

Φj
e

(
eji,t, k

j
i,t

)
+ γjef

e

(
eji,t

kji,t
−
(̃ e
k

)j
−i,t

)
(8)

where

Φj
e

(
eji,t, k

j
i,t

)
= Ieji,t>0

(
φje,1e

j
i,t

)
(9)

Since the model is targeted at understanding peer group interactions in cash holdings, the

model is not adequate for capturing the heterogeneous e�ects in external �nance components.

There are also interesting interactions between prominent industrial organization notions

and the composition of providers of external �nance, which is the topic of Mur�n and Pratt

(2017), that I leave unexplored in this paper due to data availability. Similarly, competition

among banks have been shown to in�uence cash holdings (Pinkowitz and Williamson, 2001),

as well as bargaining with �rm stakeholders (Klasa, Maxwell, and Ortiz-Molina, 2009) that

is a direct result of inter-�rm strategic interaction.

Finally, ξji,t is a state variable capturing unmodeled incentives for holding cash, captured

by the cost parameter φjp,ξ. ξ
j
i,t follows a �rst-order Markov process with i.i.d. innovations

ηji,t,t+1:

ξji,t+1 = µjt,t+1ξ
j
i,t + ηji,t,t+1 (10)
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Peer group wide shocks to incentives of holding cash that are not explicitly incorporated in

the model might a�ect the model estimates akin to the re�ection problem of Manski (1993). I

control for such confounding dynamics and overcome the re�ection problem by constructing

a state variable for unobserved peer group incentives to hold cash. This is accomplished

by estimating the value of cash using an approach similar to that of Faulkender and Wang

(2006), and then using these values of cash to estimate the hedonic prices of other state

variables (in terms of the value of cash), using the method of Bajari, Fruehwirth, Kim, and

Timmins (2012), with the purpose of estimating a time series model of the error terms of

these regressions serving as estimates of unobserved peer group incentives for holding cash.

Informally, this is a regression with market value of cash as the dependent variable and

model state variables as explanatory variables, extended to tackle endogeneity issues as in

Bajari, Fruehwirth, Kim, and Timmins (2012). The basic idea is that the error terms of

the regression capture the value of cash that is not explained by the model. It is also an

underlying assumption that the market valuation of cash captures the incentives a �rm has to

hold cash. The Bajari, Fruehwirth, Kim, and Timmins (2012) estimator allows unobserved

peer group heterogeneity to be correlated with other observed state variables and does not

impose independence over time, and this heterogeneity, represented by the constructed state

variable, is subsequently used in simulating �rm decisions and value. The details of the

empirical implementation are given in section 3.2.

2.2 Equilibrium

I now consider how the above model elements are related in establishing an equilibrium.

Recall that cash �ow πji,t−1 = zji,tk
j
i,t−I

j
i,t−Φj

I

(
Iji,t, k

j
i,t

)
−Φj

e

(
eji,t, k

j
i,t

)
−Φj

p

(
pji,t, k

j
i,t, ξ

j
i,t

)
adds to
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non-pecuniary costs in generating utility to the �rm: uji,t−1 = πji,t−1−γjef e
(
eji,t

kji,t
−
(̃
e
k

)j
−i,t

)
−

γjpf
p

(
pji,t

kji,t
−
(̃
p
k

)j
−i,t

)
. Firms maximize utility given the beliefs about peer group equilibrium

play. I assume that the set of actions aj
t =

[
Ij1,t, . . . , I

j
Nj,t,t

, ej1,t, . . . , e
j
Nj,t,t

]′
, determined

by the strategy pro�le σj(st): a
j
t = σj(st) =

[
σj1(st), . . . , σ

j
Nj,t(st)

]′
, are characterized

by a symmetric pure Markov Perfect Nash Equilibrium. Firms observe capital and cash

holdings for all peer �rms, as well as their own pro�tability shock and innovation to the

state variable for cash incentives before undertaking actions simultaneously, while the vectors[
εjz,1,t, . . . , ε

j
z,Nj,t,t

]
\
[
εjz,i,t

]
and

[
ηj1,t, . . . , η

j
Nj,t,t

]
\
[
ηji,t
]
of, respectively, pro�tability shocks

and shocks to the state variables of cash holding incentives for other �rms are observed only

after investment and external �nance decisions are committed. Thus the aggregate common

state vector is de�ned as

sjt = [kj1,t, . . . , k
j
Nj,t,t

, pj1,t, . . . , p
j
Nj,t,t

, Gj
z

(
zj1,t−1

)
, . . . ,

Gj
z

(
zjNj,t,t−1

)
, µjt−1,tξ

j
1,t, . . . , µ

j
t−1,tξ

j
N,t−1]

′

(11)

Summarizing the time line of the model, �rm i observes the common state vector sjt and its

own pro�tability shock εjz,i,t and η
j
i,t−1,t before deciding how much to invest and how much

external �nance to raise.

A �rm has the following sum of discounted utility at state {s, zji , ξ
j
i,t}:

V j
i

(
s; zji ; ξ

j
i ;σ

j ; θ
)

=

E

[
∞∑
t=0

βtuji,t

(
σj(st, ε

j
z,t), s

j
t , ε

j
z,i,t; θ

)
|sj0 = sj ; zji,0 = zji , ξ

j
i,0 = ξji ; θ

] (12)
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where expectations are formed over shocks εjt =
[
εjz,1,t, . . . , ε

j
z,Nj,t,t

, ηj1,t−1,t, . . . , η
j
N,t−1,t

]′
to

pro�tability and the state variable for unmodeled cash incentives subject to beliefs about

equilibrium play and state transitions, and θ is the set of structural parameters to be esti-

mated:

θ =
[
γje , γ

j
pφ

j
I,1, φ

j
I,2, φ

j
e,1, φ

j
p,1, φ

j
p,ξ

]
(13)

Note that γje and γ
j
p are vectors of parameters implicitly de�ned by the functions f e (·) and

fp (·) The equilibrium of best responses σj(st) satis�es, for any �rm i, state s and deviating

policy σj
′

i combination, the following optimality condition

Vi

(
sj ; zji ; ξ

j
i ;σ

j
i ,σ

j
−i; θ

)
≥ Vi

(
sj ; zji ; ξ

j
i ;σ

j′

i ,σ
j
−i; θ

)
(14)

where σj
−i(st) ≡ σj(st)\σj

i (st) is the set of strategies for all �rms except that of �rm i. I

assume existence but not uniqueness of equilibrium.

3 Data and Empirical Implementation

In this section I �rst, in Section 3.1, present the data used in this study, before introducing

the empirical methods used to estimate the model in Section 3.2.

3.1 Data

The basis of the sample is �rm-year observations of manufacturing �rms from the CRSP-

Compustat merged database covering the 1972 - 2015 period. Peer groups are identi�ed by

industries in the form of four-digit SIC codes, motivated by the relevance of product markets
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for peer e�ects, as well as the prominence of learning opportunities within industries. The

choice of the peer group de�nition represents a tradeo� between relevance and availability of

information. This industry de�nition allows for a longer time series compared to the recently

developed alternative in the form of the intersection of �rm-year observations in Compus-

tat and the 10-K text-based �xed industry classi�cations data from the Hoberg-Phillips

data library, allowing for more precise estimates of policy functions, as well resulting in a

substantially more computationally manageable estimation implementation due to industry

coarseness and transitivity. In Section 3.1.1 below I de�ne the variables used in the study

as well as the sample selection criteria, while in Section 1 I continue with a presentation of

basic summary statistics of this sample.

3.1.1 Variables and Sample Selection

Using Compustat variable de�nitions,6 the main variables are de�ned as follows: Cash is

CHE, Assets is AT, Capital is PPEGT, Investment is CAPX-SPPE, ExternalF inance is

(DLTIS - DLTR + SSTK) - (DVC + DVP + PRSTKC), Profitability is OIBDP/PPEGT,

and MCap is CSHO times PRCC. From the Hoberg-Phillips data library (Hoberg, Phillips,

and Prabhala (2014), Hoberg and Phillips (2010),7 Fluidity is the �uidity measure of product

market threats in the form of competitors' repositioning in product space, relative to any

given �rm under study, while HHI is the Her�ndahl Hirschmann Index calculated from

Compustat sales data and the above mentioned �xed industry classi�cations. All data is

observed at annual frequencies.

6AT: Assets - Total; CHE: Cash and Short-Term Investments; OIBDP: Operating Income Before De-
preciation; DLTIS: Long-Term Debt/Issuance; DLTR: Long-Term Debt/Reduction; SSTK: Sale of Common
and Preferred Stock; CAPX: Capital Expenditures; DVC: Dividends Common/Ordinary; DVP: Dividend
Preferred/Preference; PRSTKC: Purchase of Common and Preferred Stock.

7See http://cwis.usc.edu/projects/industrydata/.
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The sample is further restricted by deleting any observation that is not part of a consecutive

series of �rm-year observations with total length of at least two years after deleting obser-

vations where Assets is less than USD two million; Capital is less than USD one million;

necessary variables, including lags when relevant, are missing; and acquisitions constitute

more than 15% of assets.8 I also delete any observation that is among the two percent most

extreme observations in either tail for Investment, ExternalF inance and Profitability, as

well as observations having the 2% highest values of Cash, resulting in a sample of 16094

�rm-year observations for 2386 �rms in 109 peer groups.

3.1.2 Summary Statistics

Summary statistics are given in Table 1. From the full sample statistics in Panel A we

�nd that the median book value of Capital is 111 million, which is higher than the full

Compustat database for manufacturing �rms during the corresponding time period. The

mean book value of Capital of more than 2 billion is also larger for my sample. A similar

pattern holds true for the book values of assets with a median of 213 million and a mean

of about 3.9 billion. Overall, the sample �rm size characteristics are in line with existing

studies. The average cash-to-total assets is approximately 13%, which is similar to related

studies.

The average ratios of Investment, operating income and ExternalF inance to total assets

are 0.06, 0.138 and -0.005, respectively. Corresponding �gures for ratios to Capital are 0.11,

0.3 and 0.002. Overall, these statistics are representative of those found in related studies.

8For sample selection purposes, level variables are measured in 2015 dollars using the (all item) Consumer
Price Index for All Urban Consumers, obtained from The Federal Reserve Bank of St. Louis Economic Data
available at https://research.stlouisfed.org/fred2/
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The full sample summary statistics are not informative about the time series variation in

key variables of interest to this study. In particular, there has been a signi�cant increase

in cash holdings over the sample period covered by this study. Comparing panels B and

C in Table 1 we see that this feature of the evolution of cash holdings is re�ected in the

sample as well. This can be illustrated by e.g. the median Cash to Capital, which is 10%

for observations belonging to the �rst half of the sample period while it has increased to

an entire 21% for observations in the second half. Other �rm characteristics do not display

timer series patterns of similar economic importance.

3.2 Empirical Implementation

The model is estimated using the Bajari, Benkard, and Levin (2007) estimator, which avoids

solving the model by applying a two-step approach motivated by key equilibrium conditions.

Intuitively, the underlying idea of this method is to �rst estimate how actions are determined

depending on states of the world, and how these states evolve according to past states

and actions. This allows for estimation of �rm value, and thus also the second step of

the procedure which is �nding the set of structural parameters that best rationalizes the

observed equilibrium play. The latter is achieved by forming an objective function based on

a revealed preference argument applied to observed versus suboptimal alternative policies.

Thus, the estimator is based on the approach of Hotz, Miller, Sanders, and Smith (1994)

in the context of dynamic games. In short, the di�erence in estimated �rm value stemming

from suboptimal and observed policies depends on the parameters of the model and should

not be positive. I.e. it is by de�nition better to choose actions that are optimal, and

observed actions are assumed to be the optimal actions. The best set of parameters is
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then identi�ed from minimizing a loss function build on this intuitive notion. The purpose

of the model in this setting is therefore to explicitly de�ne the state variables and their

relation based on economic theory and similarly specify the objective of decision makers. In

doing so, the model is also fundamental in identi�cation in that it allows for estimation of

value functions, and determines how the model parameters a�ects �rm value given chosen

policies, either optimal or suboptimal. The alternative of a full solution method as typically

applied in the structural estimation literature in �nance (see Hennessy and Whited, 2007,

2005) would be conceptually appealing, e.g. in terms of fully utilizing the structure of

the model, and could be implemented with empirical policy functions representing �rms'

dynamic behavior,9 but multiplicity of equilibria and computational challenges make such an

approach for practical purposes infeasible given the theoretical framework used in this paper.

The Bajari, Benkard, and Levin (2007) estimator is well suited for handling the challenges

of the model framework applied here. Contemporaneous estimators by Aguirregabiria and

Mira (2007), Pakes, Ostrovsky, and Berry (2007), and Pesendorfer and Schmidt-Dengler

(2008) are also based on similar ideas, but are challenging to apply here as the main actions

of interest take the form of outcomes of continuous choice variables.

3.2.1 First Stage: Policies, Transitions an Firm Value

Equilibrium behavior is estimated from observed actions and states, assuming optimality of

realized behavior as represented by functions of observed states. Optimal here refers to the

best possible actions for a decision-making agent representing the in�uence of relevant stake-

holders. For example, in a situation where a �rm manager would like to make a choice very

9See Bazdresch, Kahn, and Whited (2017) for an analysis of this approach.
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di�erent from what equity holders would �nd optimal, the end result could be a compromise

where the action taken is not optimal for either party. In such situations, the emphasis

here is on the actual actions taken, and the estimated parameters will be representative

of the system that aggregates stakeholder preferences and transforms them into corporate

outcomes. The assumption of optimality of actions based on observed states introduces a

potential concern in that unobserved serially correlated state variables could be relevant for

observed actions, a�ecting the interpretation of the results as potentially capturing aspects

other than strategic interaction. One such example is industry characteristics, which are

likely to be in�uencing �rms' cash holding decisions as recognized in early studies of cash

holdings (for early empirical evidence see e.g. Chudson (1945), who emphasizes inter-industry

variation in �... factors as the length and technical character of the production process, the

durability of the product, the degree of vertical integration, and the amplitude of seasonal

�uctuations.�). However, several aspects of the empirical implementation here dampen such

concerns. The main insights obtained from the analysis relies on the endogeneity present

in the model framework, and the above mentioned concerns only a�ects the results to the

extent that they are not captured by the model. Furthermore, the main speci�cations re-

late to e�ects of being di�erent than peers. This is important, since identi�cation of the

model parameters stems from the behavior of �rms over time and the extent to which �rms

move together more closely than what would be the case if peer e�ects were not present.

Therefore, although industry e�ects seem relevant for the level of cash holdings, strategic

interaction is likely a more important driving force for time variation in di�erences in cash

holdings. Put di�erently, if some unobserved variable a�ects the cash holdings of all �rms in

an industry similarly, this will shift the distribution of cash holdings and make all �rms have
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di�erent levels of cash holdings. However, since the costs speci�cation applied in this paper

relates to the deviation from the median cash to capital ratio of peer �rms, such an omitted

variable will not invalidate identi�cation since the deviation from peers is not in�uenced.

Having shocks to such unobserved state variables could potentially a�ect the estimated peer

e�ect parameters. I explicitly amend the identi�cation strategy to ensure that this is not a

concern. The data is su�ciently rich so that unobserved serially correlated state variables

can be controlled for in policy function estimation and by allowing for parameter hetero-

geneity, although data availability somewhat constrains the degree to which one can allow

for �exibility in �rst state estimates at the �rm level, making approaches with agent-level

policy functions such as e.g. Misra and Nair (2011) generally not feasible for large sets of

�rms. Lacking a suitable framework for endogenizing peer group structure, I therefore fol-

low suggestions in Bajari, Benkard, and Levin (2007) for �rst stage amendments aimed at

overcoming concerns related to unobserved serially correlated state variables. I control for

remaining confounding dynamics by constructing a state variable that captures unmodeled

incentives to hold cash. In alternative approaches, I further estimate the model on data

where variation due to common determinants of cash holdings that are not included in the

model is removed, as well as conduct an estimation using an alternative macro-proxy for the

net cost of holding cash while imposing the assumption that peer e�ects are constant over

time.

Estimating Policy Functions

Policy functions are estimated by regressions of the relevant actions on the common state

vector with own pro�tability substituted in for expected own pro�tability since �rms can
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observe their own pro�tability shocks. This is the description of how �rms make decisions,

and is thus a representation of optimal behavior as observed in the data, summarizing com-

plex data by regression coe�cients that allows for simulation of �rm value. In order to allow

for a �exible functional form, I use a quadratic polynomial speci�cation. Depending on the

speci�c state under consideration, the state space is potentially very large due to the pres-

ence of peer �rms. For example, in a peer group having a total of 5 �rms, in addition to own

capital, cash, exogenous incentives to hold cash, pro�tability, any given �rm's policies are

also functions of cash, capital, exogenous incentives to hold cash and expected pro�tability

for the other 4 �rms, yielding a total of 20 state variables. In a peer group with 30 �rms,

the number of state variables would be 120. Therefore, additional assumptions are needed

to facilitate estimation, given the length of the time series dimension for the unbalanced

panel used in this study. In particular, I let peer �rm variables be represented by their cross-

sectional medians, excluding the �rms for which the observed action is used as a dependent

variable in the estimation. Furthermore, due to potential size di�erences between �rms and

conventional scaling practice, for the purpose of policy function estimation I let capital enter

as a scaling variable only, where capital refers to non-cash assets. In subsequent estimation

of �rm value, capital is used to recover policy levels. In order to allow for heterogeneity in

estimated policy functions I use a �nite mixture model. The �nite mixture model is a special

case of a random coe�cients model in which the mixing density is a point-mass density. In

particular, for a policy yji,t determined by observable data xji,t there are K classes, each with

separate coe�cients βk in the quadratic polynomial speci�cation with density f
(
yji,t;x

j
i,t, βk

)
,
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having probability λk jointly summing to one:

K∑
k=1

λk = 1 (15)

yielding the density

f
(
yji,t;x

j
i,t, {βk}Kk=1, {λk}Kk=1

)
=

K∑
k=1

λkf
(
yji,t;x

j
i,t, βk

)
(16)

The class probabilities and coe�cients with associated standard errors are estimated us-

ing maximum likelihood. In order to exploit heterogeneity along observable dimensions, I

perform the estimation on sub-samples grouped by SIC codes meant to capture similarities

in operations. For this purpose I rely on the Fama and French industry classi�cation con-

structed to achieve 5 industry groups.10 The industries in the Fama and French 5-industry

classi�cation are (1) �Consumer Durables, NonDurables, Wholesale, Retail, and Some Ser-

vices (Laundries, Repair Shops)�, (2) �Manufacturing, Energy, and Utilities�, (3) �Business

Equipment, Telephone and Television Transmission�, (4) �Healthcare, Medical Equipment,

and Drugs� and (5) �Other � Mines, Construction, Construction Materials, Transportation,

Hotels, Business Services, Entertainment, Finance�. Among the �rst four Fama and French

industries represented in my sample, I further collapse groups (1) and (4) together and

group (2) and (3) together in order to obtain samples of su�cient size for estimation of

policy functions. I refer to these two sets of �rms as policy group I and policy group II,

respectively.

10The data is available at http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
See also Fama and French (1997).
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in order to determine the number of latent classes, I follow a conventional procedure by

applying the Bayesian information criterion to inform the choice of number of latent classes,

resulting in 3 classes for the investment policy function and 4 classes for the external �nance

policy function for �rms in policy group I (Fama Franch industries (1) and (4)), and 4 classes

for both the investment and external �nance policy functions for �rms in policy group II.

Estimating State Transitions

Similarly to Matvos and Seru (2014), the dynamics of �rm level pro�tability is estimated

using linear splines with eight interior knots at the deciles of the productivity distribution. In

order to ensure that each estimation is conducted using a su�cient number of observations,

the estimations are conducted separately for subsamples de�ned by two digit SIC codes.

The transition of cash is estimated from a regression model on lagged state variables and

choice variables, using a quadratic polynomial speci�cation. Applying a Tobit model en-

compassing the non-negativity of cash holdings in the model is of little importance to the

empirical implementation. The same holds true for the �rst stage estimation of the invest-

ment policy function. Depreciation is estimated as the average depreciation in the data,

which is on average 9.2% for the full sample and similar to existing studies. In order to allow

for heterogeneity in the depreciation rate, I estimate the depreciation rate on sub-samples

de�ned by 2-digit SIC codes to the extent that these groups have a su�cient number of

observations to support the estimation. This results in modest variation around the overall

average depreciation rate of 9.2%.

The time series process of ξji,t is estimated in two steps. First, the value of cash is estimated
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using an approach similar to Faulkender and Wang (2006)11. Speci�cally, the marginal value

of cash is estimated as β1 in the below regression, where β1 is assumed to be normally

distributed with mean values allowed to vary with peer group and time dummies:

rji,t −R
B,j
i,t = βj0 + βji,1

∆Cj
i,t

M j
i,t−1

+ βj2
∆Ej

i,t

M j
i,t−1

+ βj3
∆NAji,t

M j
i,t−1

+ βj4
∆RDj

i,t

RDj
i,t−1

+ βj5
∆Iji,t

M j
i,t−1

+ βj6
NF j

i,t

M j
i,t−1

+ βj7
Cj
i,t−1

M j
i,t−1

+ βj8
Lji,t−1

M j
i,t−1

+ βj9
∆Cj

i,t

M j
i,t−1

Lji,t−1

M j
i,t−1

+ βj10

∆Cj
i,t

M j
i,t−1

Lji,t−1

M j
i,t−1

+ εji,t

(17)

i.e. βji,1 =
∑J3

j3=1 Ij3 +
∑Y

y=1 Iy + εj
βji,1,t

, where J3 is the number of peer groups at the three

digit SIC level, Y is the number of years, Ij is an indicator for membership in peer group j,

Iy is an indicator variable for an observation belonging to year y, rji,t is the return of �rm i

in peer group j during period t, RB,j
i,t is the corresponding benchmark return, M is market

values, C is cash, L is leverage, E is pro�ts, NA is non-cash assets, RD is R&D expenses, I

is interest expense, Debt is debt, NF is external �nancing net of dividends. The di�erences

in values of cash are allowed to vary at the three digit SIC code level, which is necessary in

order to identify all parameters of the model. It is also reasonable to assume that the shocks

to the value of holding cash are relatively consistent at this level of abstraction in terms of

industry de�nition.

Second, hedonic prices of other state variables are estimated using the method of Bajari,

Fruehwirth, Kim, and Timmins (2012). The starting point is a panel of prices in the form

of individual level posterior estimates of marginal values of cash and characteristics in the

form of other state variables. The objective is to estimate the time series model of the error

11See e.g. Denis and Sibilkov (2010); Dittmar and Mahrt-Smith (2007) for studies examining the value of
cash with the same methods.
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term in the following regressions:

pji,t = αj0 + αj
′

1 x
j
i,t + ξji,t (18)

where x is a vector consisting of the state variables of the model, and pji,t is the value of

cash estimated as βji,1 from the above regression speci�cation. Recall that ξji,t is unobserved

characteristics driving cash holdings, assumed to follow a �rst-order Markov process:

ξji,t+1 = µjt,t+1ξ
j
i,t + ηji,t,t+1 (19)

ηji,t,t+1 is assumed independent of information at time t, stemming from e�cient markets and

lack of predictability. Bajari, Fruehwirth, Kim, and Timmins (2012) show that {αj0, α
j
1, µ

j
t,t+1}

can be estimated using a two-stage nonlinear least squares estimator where the �rst stage is

regression current characteristics on lagged characteristics and prices. ξji,t can then be esti-

mated as residuals in the hedonic pricing equation, and will be used as a state variable for

unobserved factors driving cash holdings, where simulation is facilitated by the time series

evolution of the unobserved characteristics.

I implement the above estimator using a control function approach (Heckman and Robb,

1985; Imbens and Newey, 2009), following a recent application in �nance by Matvos (2013).

It follows from the above that:

pji,t = αj0 + αj
′

1 x
j
i,t−1 + µjt−1,tξ

j
i,t−1 + ηji,t−1,t

= αj0 + αj
′

1 x
j
i,t−1 + µjt−1,t

(
pji,t−1 − α

j
0 − α

j′

1 x
j
i,t−1

)
+ ηji,t−1,t

(20)
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The identi�cation threat to the above is that ηji,t,t+1 is potentially correlated with the state

variables of the model. However, the value of cash is informative about the incentives to use

cash from unobserved characteristics, i.e. other factors than state variables of the model,

and can be used to form an consistent estimator as proposed by Bajari, Fruehwirth, Kim,

and Timmins (2012). First, obtain the innovations v̂ji,t to the state variables from a linear

regression (the function G() is assumed linear) having lagged state variables and values of

cash as explanatory variables.

xji,t+1 = G
(
xji,t, p

j
i,t

)
+ vji,t (21)

Furthermore, allow these innovations to be correlated with the innovations to unobserved

characteristics through the following linear model with coe�cients H:

ηji,t−1,t = H
′
vji,t + εηji,t−1,t

(22)

Substituting the above into equation 20 we arrive at

pji,t = αj0 + αj
′

1 x
j
i,t−1 + µjt−1,t

(
pji,t−1 − α

j
0 − α

j′

1 x
j
i,t−1

)
+H

′
vji,t + εηji,t−1,t

(23)

Due to market rationality, εηji,t−1,t
will be orthogonal to model state variables, and allows for

a GMM estimator de�ned by the following moment conditions:

E[pji,t − (αj0 + αj
′

1 x
j
i,t + µjt−1,t

(
pji,t−1 − α

j
0 − α

j′

1 x
j
i,t−1

)
+H

′
v̂ji,t + εηji,t−1,t

)|xji,t, x
j
i,t−1, p

j
i,t−1, v̂

j
i,t] = 0

(24)
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where the conditioning information are used as instruments. In the empirical implementation

I also impose that µjt−1,t = µj, i.e. the time series model of the unobserved characteristics

driving cash holding decisions is constant within peer groups. The estimates are further

obtained at the three digit SIC code level to ensure a su�cient amount of observations to

perform the estimation. In the event that the estimation cannot be performed at the three

digit SIC code level, the estimation is done at the two digit SIC code level.

Simulating Firm Value

Equipped with estimates for how actions are chosen and states evolve, �rm value can be

estimated for any given starting state. Recall from equation 12 that a �rm's value function

is given by

V j
i

(
sj ; zji ; ξ

j
i ;σ

j ; θ
)

=

E

[
∞∑
t=0

βtuji,t

(
σj(st, ε

j
z,t), s

j
t , ε

j
z,i,t; θ

)
|sj0 = sj ; zji,0 = zji ; ξ

j
i,0 = ξji ; θ

] (25)

Given the estimated policy functions and state transitions as described above, the value

function of �rm i, state sj and strategy pro�le σj can be estimated as follows:

i Draw the initial state sj0 = sj .

ii Draw shocks to pro�tability and ξji .

iii Calculate actions aji (st) = σji (st).

iv Calculate pro�ts and �rm utility.

v Draw the new state sjt+1 using the estimated transition probabilities.

29



vi Repeat the above steps for T periods.

vii Approximate the continuation value at time T by the capital stock of the �rm.

viii Calculate present discounted value.

The above algorithm is repeated Ns times in order to provide an estimate of the value func-

tion. In the empirical implementation I set Ns = 500, T = 50 and β = 0.95, ensuring that

assumptions about the continuation value of the �rm in the �nal period is of little signi�-

cance. Note that the timing convention underlying T corresponds to that of the frequency

of observations in the data, i.e. for a �nal point of time T = 50 there will be 50 years of

data for each simulation. Firms are not allowed to undertake any action more extreme than

that collectively observed in the data.

A computationally convenient feature of the model is the linearity of the utility function.

With the above de�nition of the utility function, we can de�ne

Ψj
i,t

(
sjt ; z

j
i,t; ξ

j
i,t; ξ

j
i,t;σ

j
i ,σ

j
−i

)
as a vector with cash �ow net of investment as the �rst element

and each of the individual state variable factors of the cost components as further elements.

The utility function can then be written as Ψj
i,t

(
st;σ

j ; zji,t; ξ
j
i,t

)
× [1, θ]

′
and thus the value

function becomes

V j
i

(
sj ;σj ; zji ; ξ

j
i ; θ
)

= Ψj
i

(
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where
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This signi�cantly reduces computation time because Ψj
i

(
sj ; zji ; ξ

j
i ;σ

j
)
can be simulated in-

dependently of θ, avoiding the need to repeat the simulation for every amendment of θ in

an optimization procedure.

3.2.2 Second Stage: Identifying Structural Parameters

The second stage of the Bajari, Benkard, and Levin (2007) procedure uses the characterizing

restrictions on �rms' evaluation of observed versus rejected actions of the Markov Perfect

Equilibrium to estimate the structural parameters θ. Recall that from the de�nition of

Markov Perfect Equilibrium, �rm i should not be able to pro�tably deviate to some other

policy σj
′

i given the beliefs about other players' policies. It should therefore be the case that

for all i, sj , zji , ξ
j
i,t and feasible σj

′

i given the model:

Vi

(
sj ; zji ; ξ

j
i ;σ

j
i ,σ

j
−i; θ

)
≥ Vi

(
sj ; zji ; ξ

j
i ;σ

j′

i ,σ
j
−i; θ

)
(28)

The implementation relies on the assumption that a unique equilibrium is played in the

data at a level of abstraction equal to that of policy function estimation, correspondingly

allowing for heterogeneity in equilibrium strategies in some of the results. Importantly,

this does not imply uniqueness of equilibrium in the model, and thus sidesteps challenging

theoretical re�nements of the applied equilibrium concepts through cousin assumptions about

the observed behavior in the data.

The basic idea in establishing an estimator of θ from the above framework is to impose a

penalty when Vi

(
sj ; zji ; ξ

j
i ;σ

j
i ,σ

j
−i; θ

)
≥ Vi

(
sj ; zji ; ξ

j
i ;σ

j′

i ,σ
j
−i; θ

)
does not hold, and then

search over θ to �nd the true θ0 that minimizes this penalty. Bajari, Benkard, and Levin
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(2007) propose to estimate θ by minimizing the following function with respect to θ:

∫
L (min {g(x; θ), 0}) dH(x) (29)

where H is a distribution over the set of inequalities g(x; θ) ≥ 0, L (min {g(x; θ), 0}) =

(min {g(x; θ), 0})2 and

g(x; θ) = Vi

(
sj ; zji ; ξ

j
i ;σ

j
i ,σ

j
−i; θ

)
− Vi

(
sj ; zji ; ξ

j
i ;σ

j′

i ,σ
j
−i; θ

)
(30)

For the loss function L (min {g(x; θ), 0}) I use the L1 norm instead of the Euclidian distance

proposed in Bajari, Benkard, and Levin (2007) in order to dampen the e�ects of outliers.

From the linearity of the pro�t function as shown in equation 26, the computational gains are

clear from the speci�cation of g(x; θ) since the components Ψj
i

(
sj ; zji ; ξ

j
i ;σ

j ; θ
)
for observed

and alternative policies can be estimated independently of the common θ.

I apply the sample counterpart of equation 29 in estimating the model parameters, and use

peer group-year combinations as initial states, resulting in a total of 3146 initial states for

the 109 peer groups for the 1972 to 2015 time period. For every initial state, 150 deviating

policies for both investment and external �nance are considered. The deviating �rms are

chosen randomly using a uniform distribution. I use a variant of the di�erential evolution

algorithm by Storn and Price (1997), followed by a Nelder-Mead algorithm, to �nd the set of

parameter estimates, and estimate standard errors by a bootstrapping procedure with 100

redrawn samples of the second stage. The latter does not take into account simulation error,

and results in estimates of standard errors that are conservative in value.
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4 Estimation Results

In this section I present the main results quantifying peer e�ects in corporate cash holdings.

The main results containing the structural parameters are presented in Section 4.2, which is

preceded by an analysis of the estimated policy functions and laws of motion in Section 4.1.

In Section 4.3 I present results where the peer e�ects parameters are allowed to vary with

certain characteristics, while Section 4.4 and Section 4.5 contain analyses of the sensitivity

of the estimated peer e�ects parameters to the estimated cost of investment and external

�nance, respectively. In Section 4.6 I provide results from alternative identi�cation strategies.

An interpretation of the quantitative e�ect of peer e�ects on �rm behavior is found in Section

4.7.

4.1 Policy Functions and State Transitions

The policy and state transition functions are the basic representations of �rm behavior and

environment evolution as observed in the data, making possible simulation of �rm behavior

and thus also identi�cation of the structural parameters of the model though the Bajari,

Benkard, and Levin (2007) estimator. In the identi�cation strategy I also use the estimated

values of cash to calculate a state variable for the incentives to hold cash not captured by the

model directly. This state variable enters the policy functions for investment and external

�nance, and I therefore begin with a discussion of the properties of this state variable and

its basic components.

Figure 1 shows how the estimated marginal values of cash evolve over time using a polynomial

smoothing estimator. Consistent with the well documented increase in cash holdings over
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the sample period, there is a general increase in the marginal value of cash throughout the

sample period. This pattern is similar to Bates, Chang, and Chi (2011), who document a

general increase in the value of cash holdings during the 1980-2009 period, and investigate

the determinants of this time trend as well as the time variation in their importance in

explaining the changes in the value of cash. Keefe and Kieschnick (2013) analyze the time

variation in the value of cash holdings, emphasizing the role of macroeconomic conditions.

Figure 2 shows the AR(1) coe�cients µjt,t+1 that governs the dynamics of the cash incentive

shocks ξji,t+1 through the process ξji,t+1 = µjt,t+1ξ
j
i,t + ηji,t,t+1. The coe�cients are unrestricted

in the regressions, but all coe�cients are strictly less than one. The coe�cients display an

overweight towards relatively persistent shock processes, consistent with intuitive conjectures

about the nature of incentives to hold cash.

Finally, in Table 2 I show results from regressions of the AR(1) coe�cients µjt,t+1 of the cash

incentive shocks on peer group characteristics. Since the AR(1) coe�cients are constant

within each group, I use group characteristics calculated as averages or standard deviations

over time and �rms within each group as explanatory variables in the regressions. The groups

here are de�ned by 3-digit SIC codes, and di�er from the main de�nition of peer groups used

in the paper due to data requirements for estimation of the AR(1) coe�cients, as explained

in Section 3.2.1. The purpose of the regressions is to show how the estimated persistence

parameters relate to peer group characteristics. Among model state variables, I �nd that

the persistence µjt,t+1 of the cash incentive shocks is signi�cantly positively associated with

standard deviation of unobserved cash shocks. Other �rm characteristics show little relation

to the estimated coe�cients, but the estimated regressions provide some support for the
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variables R&D and Fluidity being signi�cantly negatively related to the AR(1) coe�cients

µjt,t+1 of the cash incentive shocks. I.e. �rms facing higher product market threats or having

higher R&D activity, have cash incentive shocks that are relatively less persistent than those

of �rms not subject to the same level of threat from competitors or not relying on R&D to

the same extent in their business model.

Policies for investment and external �nance are estimated based on the other state variables

of the model. In �gures 3 and 4 the policy functions for investment and external �nance

are displayed through plots of their estimated values for di�erent values of the other states

variables. Each graph show the variation in the policy under study as a function of one other

state variable, with other independent variables of the policy functions held constant at their

sample average levels. The estimated policies are reduced-form description of �rm behavior,

and the second stage of the estimation procedure uses the model framework to identify the

structural parameters based on these descriptions of �rm behavior.

Comparing the investment policy functions for policy groups I and II in �gures, we see that

the latent classes are useful in capturing heterogeneity withing groups, while the partition

based on the Fama and French industry classi�cations also captures heterogeneity between

industries. The same overall picture also holds for the external �nancing policy functions in

Figure 4.

From the policy functions we see how investment and external �nance are chosen depending

on e.g. the cash holding of peer �rms. Key to the analysis here is the notion that �rms

hold cash partly because of the way other �rms choose their cash holdings, and thus we

would expect to see an e�ect of peer �rm cash holdings on cash holdings for any given �rm
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under study. From the policy functions we can see that there is indeed such an e�ect by

considering how investment and external �nance is chosen based on the cash holdings of

peer �rms. However, the exact magnitude of the e�ect is not immediately obvious from

the policy functions, and I therefore perform an analysis of the policy function targeted at

understanding the relation between the cash holdings of a �rm and its peers. In particular

I show impulse-response functions of a shock to peer cash holdings in Figure 5.

In Figure 5 I have chosen a peer group-year with four �rms that I let be equipped with average

pro�tability. Base on the initial state as shown in the above table, I �nd the steady state

cash levels for all �rms, and compare this to a counterfactual scenario where I exogenously

increase the cash holdings of �rms three and four, as compared to the steady state level. The

idea is to see the e�ect of a shock to peer cash holdings as measured by the median of the

peer group, which is why I choose to let two out of four �rms have increased cash holdings.

From Panel A of Figure 5, where I exogenously double the cash holdings of �rms three and

four, we see that there is a gradual increase in cash holdings of �rms one and two, peaking

at years six and seven with levels of 0.72 and 0.74 for �rms one and two, respectively. Even

though all �rms eventually revert back to their initial steady state cash holdings, the impact

is quite strong even after 20 years. Overall, we see that the estimated policy functions imply

signi�cant interaction e�ects among peer �rm cash holdings, and the main analysis to be

presented provides an interpretation of what this correlation between cash holding decisions

mean from the perspective of decision makers in terms of their utility functions. Note that

this analysis shows a large relative e�ect in the increase of peer cash holdings. In Panels B

and C I conduct similar exercises for exogenous increases in the cash holdings of �rms three

and four that are of smaller magnitudes, and document a similar relative pattern. Thus the
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relative e�ect of peer �rm cash holdings changes is not driven by the particular level of the

exogenous change considered.

However, before presenting the main results, I provide further information about the policy

functions from the perspective of their predictive properties. In Table 3 I provide sum-

mary statistics of expected �rm characteristics generated by the estimated policy and state

transition functions, using the observed data as initial values.

The expected future �rm characteristics have intuitive properties, such as for example de-

creasing cross-sectional heterogeneity over time. Pro�tability and investment converge in a

fairly short amount of time, while cash holdings and external �nance requires quite a long

time to converge.

4.2 Main Estimation Results from Model with Peer Group Shocks

to Cash Holding Incentives

In this section I present results from the estimation where I allow for shocks to cash holding

incentives, captured by the state variable ξji,t. Summarizing the construction of ξji,t, I obtain

�rm level marginal values of cash using an event study approach in the spirit of Faulkender

and Wang (2006). I estimate the variation in these marginal values that can be explained

by other model state variables, leaving a measure of incentives to hold cash not otherwise

captured by the model. I further estimate the time series properties of this state variable

assuming a common structure within peer groups.
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Estimation Results

Table 4 contains estimation results for the baseline estimation conducted on the full sample.

Of particular interest to this study are the parameters determining the e�ect of being di�erent

in terms of the ratio of cash holdings to capital. The estimated cost of being being below the

peer group median in terms of cash holdings is approximately $812,000 for every incremental

percentage point, with a corresponding �gure of $992,000 for being above the peer group

average. For a �rm equipped with average characteristics, the peer cost of cash associated

with every percentage point decrease in cash holdings relatively to its peers corresponds to

approximately 0.16% of operating income and 0.04% of capital. In the extreme situation of

holding no cash, the corresponding cost for a �rm facing otherwise median characteristics

would be almost 1.4% of the �rm's capital. At median characteristics, every percentage

point a �rm falls below the peer group median is evaluated as a 3.2% reduction in operating

income or a 0.7% reduction in capital.

From the above results we can see that �rms put signi�cant weight on their peers' policies

in deciding on how much cash to hold. An additional dollar of cash is costly to hold if in

excess of peers, but is evaluated as having a cost if the company is below the peer group.

The interaction with ξ is of relatively minor importance.

However, there is likely heterogeneity in the cost the �rms experience by being di�erent than

their peers, and the USD 812.600 cost is probably not accurate for very small or very large

�rms. Therefore, I amend the speci�cation to allow this cost to be a fraction of operating

income or capital in order to better capture the e�ects of �rms size. These results are shown

in Table 5. In Panel A I let the coe�cient be a fraction of operating income, and �nd that
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γjp,2 = 1.003. This means that if a �rm has no cash and the peers have a median cash-to-

capital ratio of 1, the �rm experiences a disutility of this situation that is valued equal to a

loss of the operating income for that period. In other words, for every percentage point a

�rm falls behind the peer group median cash holdings, there is a disutility equal to 1 percent

of operating income. The corresponding cost for being above the peer group median cash

holding is 0.87%.

From Panel B of Table 5 we can see that the speci�cation is robust to the scaling variable.

The cost of being above the peer group median cash holdings is 0.38% of capital for every

percentage point a �rm is above the cash holding of peers, with a corresponding cost of

0.23% for being below. The overall message is that �rms put a signi�cant emphasis on their

peer �rms when deciding on how much to save and how much to invest.

Obtaining external �nance is associated with a marginal cost of 7.9%, which is reasonably

in line with other studies, see Nikolov and Whited (2014). Finally, at mean values the in-

vestment adjustment costs constitute approximately the investment amount. This relatively

large adjustment cost justi�es observed investment patterns given the assumed constant

returns to scale production function. Using estimated parameters from Cooper and Halti-

wanger (2006), in particular a �xed investment adjustment cost of 3.9% of capital and a

convex adjustment cost parameter of 0.049, the investment adjustment costs would be 44%

of the investment amount when evaluated at median values and 35% when evaluated at mean

values. The most signi�cant driver of the relatively large investment adjustment cost is the

estimated �xed cost of investment.
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4.3 Parameter Heterogeneity

It is possible to learn more about the nature of peer �rm costs of cash through estimations

that capture parameter heterogeneity. With learning and competitive considerations as key

motivating drivers of peer e�ects, proxies capturing these aspects of �rms and industries are

natural candidates to base heterogeneity on. If competitive threats are a major source of

the peer cost of cash holdings, proxies for di�erent aspects of product market competition

should be associated with higher estimated peer costs of cash holdings when suggesting

more intensive threats in the product market. The level of R&D activity is likely to have

similar e�ects if cash is held to purchase e.g. patents or other �rms for competitive purposes.

Finally, using proxies for the information environment of �rms is analogously motivated by

the potential for learning to in�uence peer costs of corporate actions.

In table 6 I show estimates of the peer parameters γjp,1 and γ
j
p,2 for sub-samples formed based

on the respective characteristics. For each characteristics chosen I split the sample based on

whether any given observation is above the sample median based on �rms in-sample average

values.

They key �ndings displayed in table 6 show mostly intuitive patterns. The behavior of

�rms that have lower average R&D costs relative to their size reveal a stronger tendency

for mimicking behavior in cash holdings, consistent with the notion that these �rms have

lower ability to di�erentiate themselves from competitors through product choice. This idea

is based on the framework of Sutton (1991). Hoberg and Phillips (2016) and Ellickson

(2007) test this theory in the context of Compustat �rms and the supermarket industry,

respectively. Finally, I use the probability of informed trading (PIN) measure of Brown and
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Hillegeist (2007) to investigate the e�ects of information asymmetry. PIN uses trading data

to estimate the probability that trades are made by privately informed investors, and is high

when information asymmetry is high. I �nd that peer e�ects in cash holdings are stronger

when information asymmetry is high. In particular, the cost parameter of the sample with

low PIN is 0.94 while that of the high PIN group is 1.16. Finally, since the model otherwise

do not explicitly incorporate taxes, I investigate the robustness of the results to heterogeneity

in �rm marginal tax rates. I �nd that the results are robust to �rms' tax situations, though

the peer parameters are economically more signi�cant when tax rates are high.

4.4 Sensitivity to the Cost of Investment

In this section I investigate the extent to which the estimated peer e�ect parameters depend

on the level of the estimated cost of investment. In particular, I set the investment cost

parameter equal to di�erent pre-speci�ed levels before running the optimization routine for

other variables, treating this parameter value as known. This achieves an understanding

of the sensitivity of the inference made to the value of the parameter capturing the cost of

investment, i.e. how important the exact level of estimated investment cost is.

From table 7 we can see that the overall importance of peer e�ects in cash holdings are

robust to the estimated value of the cost of investment. The changes to the investment cost

parameters considered are quite large, and subsequently the other parameters of the model

are also a�ected. However, for any pre-speci�ed level considered, there are large peer e�ects

in corporate cash holdings. Furthermore, the inference is also robust to exclusion of the

quadratic cost component. Note that the di�erence in the peer e�ect parameters γjp,1 and

γjp,2 is also consistently large.
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4.5 Sensitivity to the Cost of External Finance

Since investment, cash holdings and external �nance are closely linked by accounting identi-

ties, I also explore the sensitivity of the estimated peer e�ect parameters with respect to the

cost of obtaining external �nance, similar to the analogous analysis in the previous section

focusing on investment costs.

In Panel A of Table 8 I estimate the model allowing for peer e�ects in external �nance, and

�nd that the magnitude of peer e�ects in cash holdings increase. In Panel B I change the

cost of raising external �nance and show the resulting peer e�ect parameters of cash. For

the changes in the cost of external �nance considered, there are only relatively minor asso-

ciated changes in the cash peer parameters. Overall, these �ndings consistently document a

substantial role for inter-�rm relations in �rm cash holding policies.

4.6 Results From Alternative Identi�cation Strategies

The previous analysis suggest that there is a signi�cant emphasis on peer cash holdings

in determining optimal cash policies. The analysis so far relies on an approach that uses

variation in �rm value attributable to changes in cash that cannot be explained by model

state variables to control for confounding factors in�uencing �rm actions. In this section, I

amend the estimation strategy to provide further support the robustness of the results by

tackling endogeneity concerns from di�erent angels.
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4.6.1 Peer E�ects after Purging Out Common Cross-Sectional Determinants of

Cash Holdings

While the empirical strategy so far has been to incorporate potential confounding factors

through an additional state variable, the supplemental approach here is to remove variation

from the data that is driven by factors outside the model. The idea is to estimate regressions

of the state variables of the model on common determinants of cash holdings, and then re-

estimate the model on the data that cannot be explained by these variables. One issue here

is that the presence of peer e�ects might also make the estimated coe�cients of these initial

regressions inconsistent. In order to overcome this issue, I use lagged instruments to estimate

this �rst set of regressions.

The �rst step of the amendment consists of removing the variation in state variables that

is driven by other determinants of cash holdings. Speci�cally, for any state variable yji,t I

estimate the following regression:

yji,t = Xj′

i,tβ + εji,t (31)

where Xj′

i,t is a set of determinants known to a�ect cash holdings and β are the associ-

ated coe�cients. The set Xj′

i,t includes the variables MB, R&D, Tangibility, Acquisitions,

CreditRating. MB is the market-to-book ratio calculated as ((Total Assets-(Total Assets-

Total Liabilities+Deferred Taxes and Investment Tax Credit)+(Market Value of Equity))/Total

Assets.), R&D is research and development expenses scaled by total assets (missing values

for research and development have been replaced by zero), Tangibility is net to gross prop-
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erty, plant and equiptment, Acquisitions is acquisitions to total assets and CreditRating

is a dummy variable for the presence of a Standard & Poor's credit rating. The estimation

is based on lagged instruments to overcome endogeneity issues, and is implemented using

a control function approach. The model is then re-estimated using the part of the state

variables yji,t that is not explained by Xj′

i,t.

Table 9 contains the estimation results from the above empirical approach. Comparing to

the previous results, we see that the overall role of peer e�ects in corporate cash holdings

remains signi�cant and robust to this alternative approach.

4.6.2 Identi�cation from Time-Invariant Peer E�ects

I consistently �nd signi�cant peer e�ects both in an approach that incorporates potential

confounding factors through an additional state variable and when variation in the data

that is driven by factors outside the model is removed. The latter relies on an instrumental

variables approach that require low variation in peer e�ects over time. However, if we

assume that peer e�ects are constant over time, there are further options for identi�cation.

In particular, I will let other costs of holding cash be determined by an exogenous state

variable known to drive the cost of holding cash, allowing for identi�cation of peer e�ects

through incorporating this state variable in the model. Compared to the above approach

constructing a state variable that is based on joint variation in cash holdings and stock

prices, which does not require peer e�ects to be constant over time, the idea here is to lever

the assumtion that peer e�ects are constant, allowing for identi�cation from a proxy state

variable driving cash holdings though not necessarily measuring the value of cash.
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I use the TED spread as an exogenous shock to the cost of holding cash. The TED spread is

de�ned as the di�erence between the three-month LIBOR and the three-month T-bill interest

rates, and is a common indicator of credit market distress and therefore also relevant for the

incentives to hold cash. I denote the Ted-spread by ξTEDi,t , and include it as an exogenous

state variable following a �rst-order Markov process.

Table 10 contains the estimation results from the above empirical approach centered around

the assumption that peer e�ects are constant over time. Focusing on the main variables

of interest, we have that γjp,2 = 0.51. Compared to the baseline estimation displayed in

Table 5 the e�ect is dampened, but still economically very signi�cant; �rms behave as if for

every percentage point a �rm falls behind the peer group median cash holdings, there is an

evaluated cost equal to approximately 0.5 percent of operating income. In order to further

evaluate the implications this �nding has for �rm behavior, Section 4.7 continues with an

evaluation of how �rm behavior would change in a model of cash holdings if the peer e�ect

cost parameters from Table 10 above were introduced.

4.7 Interpreting the Magnitude of Peer E�ects

So far the main speci�cations relate the peer e�ect costs parameters to quantities like oper-

ating income and capital. To further investigate the importance of peer e�ects, this section

will be devoted to the impact of peer e�ects on �rm performance. Due to the complexity

of the model, I am not able to do counterfactual experiments where I solve the model for

di�erent cost parameters characterizing peer e�ects to see the impact it has on �rm behavior.

As an alternative, I will instead use a di�erent model of corporate cash holdings to evalu-

ate the importance of peer e�ects. In particular, I will compare �rm behavior from such a
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model to that of an amended model where I introduce the peer e�ect cost parameters I have

estimated.

The basic model I apply is similar to the discrete time investment model with cash holdings

in Strebulaev and Whited (2012), which the model used in the above analysis is also based

on. Firms receive cash �ows zi,tk
θ
i,t that are taxed at a rate τ . Pro�tability zi,t follows an

AR(1) in logs with autocorrelation-coe�cient ρ and error standard deviation σρ. External

�nance is raised at a cost φe and can be distributed freely. Investment, positive or negative,

can be made with adjustment costs equal to φI
I2

k
. In this model cash is costly due to taxes,

but has value because external �nance is costly.

I solve the model numerically, and simulate �rm behavior, using a tax rate of 20%, an

autocorrelation coe�cient of log pro�tability of 0.7 with an error standard deviation of 0.3,

a quadratic investment adjustment cost of 0.05, θ is 0.7, depreciation of 15%, and a risk-

free interest rate of 0.04. In order to introduce heterogeneity in the desire to hold cash,

I let �rms be equipped with di�erent costs of raising external equity. One could similarly

introduce other costs of cash, or change other aspects of �rms' environments in order to

achieve the same. For the purpose of illustrating the importance of peer e�ects, I only focus

on introducing heterogeneity in one dimension without extending the model further. In order

to study the importance of peer e�ects, I also amend this setup with the peer e�ect cost

parameters as found in Table 10 above. This introduces severe computational challenges,

both due to multiplicity of equilibria and a very big state space. For the purpose of solving

the model with peer e�ects, I apply an amended version of the oblivious equilibrium concept
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of Weintraub, Benkard, and Van Roy (2008) and Weintraub, Benkard, and Van Roy (2010).12

The basic idea is to let �rms optimize as if ignorant about the states of other �rms except

for industry long-run averages, making implementation computationally less demanding. In

particular, I let �rms achieve utility from deviating from the industry median calculated over

time and �rms (and not the median per period as in the main speci�cation above). This

allows for a guess-and-verify approach where I exogenously impose a median ratio of cash to

capital, and then search for the assumed median cash ratio that is as close as possible to the

corresponding statistic from simulations based on the model solution given the assumed cash

ratio. The results are displayed in Table 11. Firms are identi�ed by their cost of external

�nance parameters as found in Table 11 below, where Panel A refers to the model without

peer e�ects and Panel B to the model with peer e�ects.

From Panel A of Table 11 we see that the heterogeneity in costs of external �nance generates

di�erences in cash holdings that are increasing in the cost of external �nance. The overall

median cash holdings is 0.075 and the average is 0.249. In Panel B I show simulated statistics

from the models with peer e�ects. With the cost parameters from the estimation displayed in

Table 10, I �nd that the new equilibrium median cash holdings is 0.1, and that all �rms reach

this as their own median except the �rm with the highest cost of external �nance, which also

has a median close to the overall value. This result stem from the fact that the only di�erence

between �rms is the cost of external �nance, and introducing stronger heterogeneity might

moderate this solution. However, there is still signi�cant heterogeneity over time depending

on the realized pro�tability shock of each �rm. The average levels of cash are also greatly

reduced, consistent with the notion that �rms shift their cash holding distributions to avoid

12See also Weintraub, Benkard, and Van Roy (2006)
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deviating from other �rms. Since the model parameters are not chosen to match the data

used in this study, the di�erences in cash holdings observed with and without peer e�ects do

not correspond to the di�erence we would see if real-world �rms were to operate in isolation,

but rather illustrates the quantitative importance of peer e�ects in light of common models

used in corporate �nance research.

5 Conclusion

The tradeo�s involved in setting cash policies are important given the substantial levels

of cash holdings by U.S. �rms and the potential consequences of cash holdings for future

�rm performance. Competition between �rms, signaling, reputational concerns and learning

suggest that �rms will evaluate the policies of their peers when making decisions. This

study has shown that �rms incorporate the strategies of peer �rms when deciding on how

much cash to hold, and quanti�ed the importance of this e�ect through the estimation of

managers' evaluated costs of being di�erent from their peers in terms of cash holdings. This

is accomplished through estimation of a dynamic game where managers derive utility of

being di�erent from their peers in terms of cash holdings and external �nance.

Peer e�ects are quantitatively important in understanding cash holdings, evident from the

signi�cant loss that �rms assign to every incremental percentage point the fall below the

peer group median cash-to-capital ratio. The baseline speci�cation yields an evaluated cost

equal to approximately one percentage of operating income for every percentage point a �rm

is below the peer group median, while the most conservative estimation strategy results in a

corresponding �gure of 0.5 percent, which is economically signi�cant. This magnitude vary
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with �rms' environments consistent with key theoretical predictions: Based on the baseline

estimation strategy, for �rms in industries with high (low) information asymmetry this cost

is 1.16% (0.94%), while for industries with high (low) R&D spending the cost is 0.67%

(1.33%). When adding the estimated peer costs of cash holdings to an otherwise individual-

agent model of cash holdings, there is a quantitatively signi�cant change in �rm behavior

reducing heterogeneity and skewness in corporate cash holdings. If �rms did not take their

peers into account when deciding on their cash holdings, �rms' cash holdings would be much

more dispersed than what we observe in the data. Overall, the estimated preferences of �rms

for holding cash depending on peer cash holdings establish peer e�ects as a quantitatively

important economic force underlying �rm behavior.
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Table 1: Summary statistics

This table contains summary statistics for the primary variables of the sample used for the main
estimation, consisting of 16094 �rm-year observations from the Compustat database for 109 peer
groups during the 1972 to 2015 period, resulting from sample selection criteria as outlined in section
3.1.1. The statistics shown are means, standard deviations (Std. Dev.), as well as 25th, 50th and
75th percentiles (P25, P50 and P75, respectively). Panel A contains information for the full sample,
while panels B an contain information for the second and �rst half of the sample period, respectively.

Panel A: Full Sample

Variable Obs Mean Std. Dev. P25 P50 P75

Level values

Assets 16094 3944 20179 50 213 1222
Capital 16094 2048 10099 23 111 662

Variables scaled by beginning-of-period Capital

Cash 16094 .34 .62 .05 .13 .35
Profitability 16094 .3 .37 .14 .27 .45
Investment 16094 .11 .09 .05 .09 .15
ExternalF inance 16094 0.002 .27 -.09 -.03 .03

Variables scaled by beginning-of-period Assets

Capital 16094 .606 .326 .372 .549 .786
Cash 16094 .129 .16 .028 .073 .174
Profitability 16094 .138 .138 .082 .143 .208
Investment 16094 .059 .053 .024 .045 .077
ExternalF inance 16094 -.0005 .116 -.047 -.017 .016

Panel B: Sample period 1994 - 2015, scaling by beginning-of-period Capital

Variable Obs Mean Std. Dev. P25 P50 P75

Cash 6412 .53 .83 .07 .21 .61
Profitability 6412 .26 .44 .12 .25 .45
Investment 6412 .1 .08 .05 .08 .13
ExternalF inance 6412 0.003 .32 -.11 -.02 .03

Panel C: Sample period 1972 - 1993, scaling by beginning-of-period Capital

Variable Obs Mean Std. Dev. P25 P50 P75

Cash 9682 .22 .38 .04 .1 .24
Profitability 9682 .32 .31 .16 .28 .45
Investment 9682 .12 .09 .06 .1 .16
ExternalF inance 9682 0.001 .23 -.08 -.03 .03
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Table 2: Determinants of the Persistence of Cash Incentive Shocks

This table shows estimated coe�cients from OLS regressions with the persistence of the unobserved com-
ponent of the marginal value of cash µjt,t+1 as the dependent variable, and industry characteristics as the
independent variables. The dependent variable is estimated at the 3-digit SIC code level and is assumed to be
constant over time. The independent variables based on �rm characteristics are correspondingly calculated
as pooled average values or standard deviations for state variables or other �rm/market characteristics over
�rms and time within each group of �rms. Leverage is market leverage calculated as (Total Assets - Book
Value of Equity)/(Total Assets - Book Value of Equity + Market Value of Equity), MB is the market-to-
book ratio calculated as ((Total Assets-(Total Assets-Total Liabilities+Deferred Taxes and Investment Tax
Credit)+(Market Value of Equity))/Total Assets.), R&D is research and development expenses scaled by
total assets, and ZScore is Altman's Z-Score calculated as 1.2*Working Capital/Total Assets + 1.4*Re-
tained Earnings/Total Assets + 3.3*Earnings Before Interest & Tax/Total Assets + 0.6*Market Value of
Equity/Total Liabilities + 0.999*Sales/Total Assets. Missing values for research and development have been
replaced by zero. Signi�cance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
Standard errors are shown in parentheses.

(1) (2) (3) (4) (5)

Means: State Variables

Cash 0.045 0.114 0.355 0.355
(0.13) (0.37) (0.41) (0.42)

Pro�tability -0.152 -0.217 -0.202 -0.331
(0.26) (0.31) (0.32) (0.36)

Investment 1.618 1.614 2.636 3.024
(1.26) (1.61) (1.74) (1.81)

ExtFin 0.487 -0.195 0.377 0.298
(0.65) (0.85) (0.91) (1.03)

E[ξ] 0.031 -0.009 -0.015 -0.020
(0.06) (0.06) (0.06) (0.08)

Standard Deviations: State Variables

Cash -0.287** -0.351 -0.366 -0.273
(0.13) (0.24) (0.25) (0.28)

Pro�tability 0.240 0.285 0.329 0.098
(0.28) (0.32) (0.32) (0.39)

Investment 2.398** 1.129 0.318 0.214
(1.18) (1.70) (1.72) (1.81)

ExtFin 0.389 0.435 0.398 0.622
(0.32) (0.41) (0.44) (0.50)

E[ξ] 0.088** 0.086** 0.096** 0.126**
(0.04) (0.04) (0.04) (0.06)

Standard Deviations: State Variables

MB -0.094 0.018
(0.10) (0.12)

Leverage -0.562 -0.446
(0.41) (0.45)

ZScore -0.036 -0.059
(0.03) (0.04)

R&D -2.461** -2.088*
(1.10) (1.22)

Fluidity -0.040*
(0.02)

HHI -0.133
(0.21)

N 71 71 71 71 66
R2 0.087 0.194 0.211 0.294 0.337
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Table 3: Predictions Based on Estimated Policy Functions

This table shows predicted �rm investment, cash, pro�tability and external �nance. The statistics are
calculated based on initial states de�ned by all states in the data. For example, the average investment
at t=3 is the cross-sectional average of expected investment three years in the future in a pooled sample
with all observed states de�ning starting values. Time series are calculated as average time series over 500
simulations analogously to the procedure for calculating �rm value as explained in Section 3.2.1.

t=0 t=3 t=5 t=10 t=50

Investment

Mean 0.11 0.08 0.08 0.08 0.09
Std. dev. 0.09 0.08 0.05 0.02 0.01

Cash

Mean 0.34 0.41 0.51 0.64 0.83
Std. dev. 0.62 0.46 0.46 0.36 0.22

Pro�tability

Mean 0.30 0.32 0.32 0.31 0.31
Std. dev. 0.37 0.17 0.11 0.05 0.02

External Finance

Mean 0.002 0.05 0.001 0.002 0.01
Std. dev. 0.27 0.22 0.12 0.07 0.05
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Table 4: Structural Parameter Estimates: Preliminary Speci�cation

This table contains estimates of the structural parameters of the model, with bootstrapped standard
errors given in parentheses. The sample consists of 16094 �rm-year observations from the Compustat
database for 109 peer groups during the 1972 to 2015 period, resulting from sample selection criteria
as outlined in section 3.1.1.Each parameter is identi�ed by its corresponding model component in
the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is

a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost

associated with external �nance, cash and investment are denoted by φ. Panel B contains results

for the main estimation that includes ξji,t, the state variable for incentives to hold cash not captured

by the model, in addition to the other parameters also included in the speci�cation as shown in

Panel A.

Panel A

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φjp,0 φjI,1 φjI,2

89.16 -78.71 0.08 0.01 0.12 647.71
(1.08) (0.99) (0.0024) (0.001) (0.00044) (11.06)

Panel B

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φjp,0 φjp,ξ φjI,1 φjI,2

99.28 -81.26 0.10 -0.025 3.31 0.11 1072
(1.11) (0.96) (0.0021) (0.001) (0.1) (0.00054) (18.1)
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Table 5: Structural Parameter Estimates: Main Speci�cation

This table contains estimates of the structural parameters of the model, with bootstrapped standard
errors given in parentheses. The sample consists of 16094 �rm-year observations from the Compustat
database for 109 peer groups during the 1972 to 2015 period, resulting from sample selection criteria
as outlined in section 3.1.1.Each parameter is identi�ed by its corresponding model component in
the following utility functions:
Panel A utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is

a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost

associated with external �nance, cash and investment are denoted by φ. Panel B contains results

for the main estimation that includes ξji,t, the state variable for incentives to hold cash not captured

by the model, in addition to the other parameters also included in the speci�cation as shown in

Panel A.

Panel A: Costs as Fraction of Operating Income

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φjp,0 φjp,ξ φjI,1 φjI,2

0.87 1.003 0.079 -0.011 1.88 0.12 100.134
(0.011) (0.014) (0.002) (0.0013) (0.13) (0.0006) (3.64)

Panel B: Costs as Fraction of Capital

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φjp,0 φjp,ξ φjI,1 φjI,2

0.38 0.236 0.044 -0.03 1.87 0.15 101.662
(0.0036) (0.0036) (0.0024) (0.0013) (0.14) (0.001) (3.86)
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Table 6: Structural Parameter Estimates: Parameter Heterogeneity

This table contains estimates of the structural parameters of the model for subgroups of the sample
as de�ned by the variables in the �rst data row table below, with bootstrapped standard errors
given in parentheses. Each subgroup is de�ned by the sample median, i.e. the �High� subgroup is
the set of observations with above median values for the characteristic under study. The sample
consists of 16094 �rm-year observations from the Compustat database for 109 peer groups during
the 1972 to 2015 period, resulting from sample selection criteria as outlined in section 3.1.1.Each
parameter is identi�ed by its corresponding model component in the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is

a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost

associated with external �nance, cash and investment are denoted by φ.

HHI R&D PIN Tax
High Low High Low High Low High Low

γjp,1 1.03 0.69 0.61 1.13 0.98 0.82 1.16 0.69

γjp,2 1.11 0.91 0.67 1.33 1.16 0.94 1.19 0.92
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Table 7: Sensitivity to the Cost of Investment

This table contains estimates of the structural parameters of the model, with the investment cost
parameter set equal to di�erent pre-speci�ed levels before running the optimization routine, treating
this parameter value as known. The sample consists of 16094 �rm-year observations from the
Compustat database for 109 peer groups during the 1972 to 2015 period, resulting from sample
selection criteria as outlined in section 3.1.1. In Panel A I show results from an estimation where

there is only a �xed cost of investment. In Panel B, the row whose �rst element is
∆φjI,1

φjI,1
speci�es the

percentage change in the �rst component of the cost of investment, and the two subsequent rows
shows the associated estimated peer e�ects parameters of cash. Panel C contains results from an
analogous exercise studying the e�ect of the quadratic investment cost component. Each parameter
is identi�ed by its corresponding model component in the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is
a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost
associated with external �nance, cash and investment are denoted by φ.

Panel A: Fixed investment cost only

Peer Parameters Intra-�rm Parameters

γjp,1 γjp,2 φje,1 φjp,0 φjp,ξ φjI,1

0.87 1.006 0.07 -0.006 1.64 0.126
(0.01) (0.014) (0.0023) (0.0013) (0.12) (0.00062)

Panel B: Sensitivity of cash peer e�ect parameters to �xed cost

∆φjI,1

φjI,1
-50% -25% -10% -5% 5% 10% 25% 50%

γjp,1 0.676 0.736 0.808 0.838 0.914 0.958 1.117 1.452

γjp,2 1.774 1.335 1.129 1.063 0.947 0.901 0.788 0.688

Panel C: Sensitivity of cash peer e�ect parameters to quadratic cost

∆φjI,2

φjI,2
-50% -25% -10% -5% 5% 10% 25% 50%

γjp,1 0.869 0.871 0.872 0.873 0.874 0.875 0.876 0.877

γjp,2 1.002 1.002 1.002 1.002 1.002 1.003 1.003 1.002
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Table 8: Sensitivity to the Cost of External Finance

This table contains estimates of the structural parameters of the model, with the external �nance
cost parameters set equal to di�erent pre-speci�ed levels before running the optimization routine,
treating this parameter value as known. The sample consists of 16094 �rm-year observations from
the Compustat database for 109 peer groups during the 1972 to 2015 period, resulting from sample
selection criteria as outlined in section 3.1.1. Panel A contains estimation results stemming from a
utility speci�cation where there are peer e�ects in external �nance decisions. In Panel B, the row

whose �rst element is
∆φje,1

φje,1
speci�es the percentage change in the cost of obtaining external �nance,

and the two subsequent rows shows the associated estimated peer e�ects parameters of cash. Each
parameter is identi�ed by its corresponding model component in the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is
a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost
associated with external �nance, cash and investment are denoted by φ. The sensitivity analysis in
Panel B is based on the estimation in Panel A of Table 5.

Panel A: Estimation with peer e�ects in external �nance

Peer Parameters Intra-�rm Parameters

γjp,1 γjp,2 γje,1 γje,2 φje,1 φjp,0 φjp,ξ φjI,1 φjI,2

1.05 1.48 0.64 1.67 0.034 0.16 1.1 0.089 62.06
(0.014) (0.024) (0.021) (0.026) (0.005) (0.0033) (0.18) (0.001) (3.47)

Panel B: Sensitivity of cash peer e�ect parameters

∆φje,2

φje,2
-50% -25% -10% -5% 5% 10% 25% 50%

γjp,1 0.877 0.875 0.873 0.874 0.873 0.873 0.874 0.879

γjp,2 0.987 0.994 0.997 1.000 1.004 1.007 1.015 1.030
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Table 9: Structural Parameter Estimates Based on Data Not Explained by Common

Cross-Sectional Determinants of Cash Holdings

This table contains estimates of the structural parameters of the model, with bootstrapped standard
errors given in parentheses. The sample consists of 16094 �rm-year observations from the Compustat
database for 109 peer groups during the 1972 to 2015 period, resulting from sample selection criteria
as outlined in section 3.1.1.Each parameter is identi�ed by its corresponding model component in
the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, Iji,t is investment,

eji,t is external �nance, pji,t is cash, and IA is an indicator variable for condition A being true.

Peer parameters are denoted by γ and intra-�rm cost associated with external �nance, cash and

investment are denoted by φ.

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φjp,0 φjI,1 φjI,2

0.36 0.80 0.074 0.097 0.053 333.1
(0.029) (0.021) (0.012) (0.0042) (0.0014) (13.81)
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Table 10: Structural Parameter Estimates Identi�ed by the Assumption that Peer Ef-

fects Are Time-Invariant

This table contains estimates of the structural parameters of the model, with bootstrapped standard
errors given in parentheses. The sample consists of 16094 �rm-year observations from the Compustat
database for 109 peer groups during the 1972 to 2015 period, resulting from sample selection criteria
as outlined in section 3.1.1.Each parameter is identi�ed by its corresponding model component in
the following utility function:
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where zji,t if the pro�tability of �rm i in industry j at time t, kji,t is capital, I

j
i,t is investment, e

j
i,t

is external �nance, pji,t is cash, IA is an indicator variable for condition A being true, and ξji,t is

a state variable for incentives to hold cash. Peer parameters are denoted by γ and intra-�rm cost

associated with external �nance, cash and investment are denoted by φ. Panel B contains results

for the main estimation that includes ξji,t, the state variable for incentives to hold cash not captured

by the model, in addition to the other parameters also included in the speci�cation as shown in

Panel A.

Panel A

Peer Parameters Intra-�rm Parameters
γjp,1 γjp,2 φje,1 φj

p,ξTED
φjI,1 φjI,2

0.78 0.51 0.52 1.55 -0.016 46.88
(0.065) (0.049) (0.026) (0.0146) (0.0006) (5.75)
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Table 11: Interpreting the Magnitude of Peer E�ects

This table contains median and average simulated cash holdings from a discrete-time investment

model as described in Section 4.7. In Panel A there is no strategic interaction between �rms, while

in Panel B �rms have costs of deviating from the median cash level as described in section 4.7. For

each panel I solve the model numerically, and simulate data based on the model solution. In Panel

B, the state space is too large to perform a traditional value function iteration, or similar methods,

so the model is solved assuming an oblivious equilibrium approach, with further details given in

Section 4.7.

Panel A: Utility Function Without Peer E�ects

Firm φe Median Cash Mean Cash

1 0.06 0 0.1895
2 0.08 0.0639 0.2311
3 0.10 0.1040 0.2432
4 0.12 0.1277 0.2840
5 0.14 0.1277 0.2965
All 0.0751 0.2489

Panel B: Utility Function With Peer E�ects

Firm φe Median Cash Mean Cash

1 0.06 0.1 0.0931
2 0.08 0.1 0.0938
3 0.10 0.1 0.0985
4 0.12 0.1 0.0968
5 0.14 0.1 0.0987
All 0.104 0.0962
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Figure 1: Kernel-Weighted Local Polynomial Regression of Marginal Values of Cash

on Time

This �gure shows the evolution of marginal values of cash through time by plotting estimated values from a
kernel-weighted (epanechnikov) local polynomial regression of estimated marginal values of cash, estimated
using a modi�ed version of the Faulkender and Wang (2006) as explained in Section 3.2, on time.
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Figure 2: Persistence of Cash Incentive Shocks

This �gure shows the distribution of estimated cash incentive shocks across peer groups. A modi�ed version
of the Faulkender and Wang (2006) method is used to obtain �rm-level estimates of marginal values of cash,
whose residual component after purging out the variation explained by model state variables, is estimated
using the Bajari, Fruehwirth, Kim, and Timmins (2012) method. The properties of the associated time
series processes of the residual incentives to hold cash for the peer groups used in this study are summarized
in this table by their respective AR(1) coe�cients. The estimation procedure is described in Section 3.2.
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Figure 3: Policy Function for Investment

This �gure shows plots of the policy function for investment, i.e. the choice of investment for di�erent values
of the state variables as predicted by the policy function estimated for policy groups I and II as described in
Section 3.2.1. For each state variable, the plots are generated by averaging over latent classes, holding other
state variables constant at their average values.
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Figure 4: Policy Function for External Finance

This �gure shows plots of the policy function for external �nance, i.e. the choice of external �nance for
di�erent values of the state variables as predicted by the policy function estimated for policy groups I and
II as described in Section 3.2.1. For each state variable, the plots are generated by averaging over latent
classes, holding other state variables constant at their average values.
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Figure 5: An Example of the Response to Shocks to Peer Cash Holdings

This �gure shows plots of the response to a shock to peer �rm cash holdings. In particular, a random peer
group-year with four �rms is chosen, where �rms one, two, three and four have initial capital (cash) levels
equal to 16.73 (0.21), 35.20 (0.26), 177.15 (0.05) and 14.83 (0.05). In Panel A, �rms are given average
values of pro�tability, and after reaching the subsequent steady state values of cash holdings, �rms three
and four are given a positive shock of 100% to cash holdings, de�ning event time equal to zero. Panels B
and C show similar responses to shocks equal to one full-sample standard deviation of cash holdings and
one �rm-level standard deviation of simulated cash holdings, respectively. The subsequent e�ect on peer
group cash holdings for event years −10 to 70, inclusive, is shown in this �gure, where the main emphasis is
on the reaction of �rms one and two.

Panel A: 100% Increase In Cash Holdings

Panel B: One Full-Sample Standard Deviation Increase In Cash Holdings

Panel C: One Firm-Level Standard Deviation Increase In Cash Holdings

70


	Introduction
	Theoretical Framework
	The Model Setting
	Equilibrium

	Data and Empirical Implementation
	Data
	Variables and Sample Selection
	Summary Statistics

	Empirical Implementation
	First Stage: Policies, Transitions an Firm Value
	Second Stage: Identifying Structural Parameters


	Estimation Results
	Policy Functions and State Transitions
	Main Estimation Results from Model with Peer Group Shocks to Cash Holding Incentives
	Parameter Heterogeneity
	Sensitivity to the Cost of Investment
	Sensitivity to the Cost of External Finance
	Results From Alternative Identification Strategies
	Peer Effects after Purging Out Common Cross-Sectional Determinants of Cash Holdings
	Identification from Time-Invariant Peer Effects

	Interpreting the Magnitude of Peer Effects

	Conclusion

