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Abstract

This paper provides a theory that links industrial market structure with firm invest-
ment and employment decisions consistent with the empirical literature. We demon-
strate that the impact of market structure on a single firm as the impact originated
from the firm’s direct competitors. We develop a business cycle model with a con-
tinuum of industries. Within each industry, firms play a dynamic duopoly game
by choosing production quantities and investing in capital. As firms are not atomic
within one industry, The strategic substitutabilities between the firms generate time-
varying industry-level market structure and price markups. The implications of this
model are consistent with the empirical evidence found in literature: i) industry-level
market concentration and labor shares are negatively correlated; ii) firm investment
and industry-level market concentration are negatively correlated. We also find het-
erogeneity in investment sensitivities to the business cycle for firms facing different
opponents, supported with new empirical evidence we found.
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1 Introduction

In the last decade, there has been a growing academic interest in firms’ cross-sectional
inequality, especially the emergence of “superstar” firms. The industry-level market
concentration is not only an exciting topic related to the industrial organization litera-
ture; rather, empirical evidence has also emerged to suggest that the market structure
and market concentration are correlated with macro variables of interest. For exam-
ple, Autor et al. (2017) found a negative correlation between market concentration and
industry-level labor share, and Gutiérrez and Philippon (2017) discovered the impor-
tance of including market concentration to explain the firms’ investment decisions. The
macroeconomic theory side is catching up in explaining the importance of the market
structure, and this paper joins this strand by proposing a channel through which firms’
strategic behaviors take place.

We build a model motivated by these empirical implications coming from the market
structure. We embed a firm-level Cournot-type dynamic duopoly game into a business
cycle model with heterogeneous industries. The firms in each industry produce imper-
fectly substitutable goods; moreover, the firms are not atomic, but instead, form a part of
the industry to which they belong. Firms’ production and investment decisions not only
depend on their traits under this model environment but also their opponents’ types
and decisions, which brings the industry-level market structure and market power into
consideration.

The main mechanism comes from firms’ strategic substitutability, which includes
both static and dynamic parts. The static substitutability comes directly from the one-
period Cournot duopoly game in quantity competition: When a firm faces a direct op-
ponent with a low marginal cost of production, the firm’s price elasticity of demand
decreases, leading to a decrease in its markup. Therefore, the firm’s labor share increases
as the opponents face a lower marginal cost of production. The dynamic substitutability
has been studied in the literature by Maskin and Tirole (1988), Besanko and Doraszelski
(2004), and especially Jun and Vives (2004), with the results suggesting that in a repeated
Cournot game in quantities, a firm with a low marginal cost of production plays a pre-
emption role. In contrast, a strong opponent with a low marginal cost of production may
hinder the firm from investing. This links firms’ investment with the market concentra-
tion.

We include a business cycle shock in the model. The model implies that the firm’s
investment sensitivity to business cycle shocks differs with the market structure, which
is consistent with the empirical findings we provide in the latter part of the paper. There-
fore, according to our analysis, the market structure may matter even for business cycle
fluctuations.
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Literature The model we introduce in the paper is mostly related to dynamic duopoly
Cournot games dating back to Maskin and Tirole (1988). To be specific, our model stud-
ies dynamic quantity competition, which is mostly related to Besanko and Doraszelski
(2004) and Besanko et al. (2010). Similarly to these papers, we separate Cournot compe-
tition in production and investment choices into two different stages, and we consider
Markov Perfect Equilibrium by introducing randomness in the second stage. However,
the decision set in our model is continuous rather than discrete, as it was in those two
papers. We also have a non-convex capital adjustment cost that captures investment
lumpiness as literature on firm investment, such as included in Caballero and Engel
(1999), Cooper and Haltiwanger (2006), and Khan and Thomas (2008).

Regarding the literature on the macroeconomic counterpart, Atkeson and Burstein
(2008) and Jaimovich and Floetotto (2008) are the leading examples in including oligopoly
games in macroeconomic models. Our work is in line with these papers and is closest to
Mongey (2016), as we also focus on the cross-sectional implications from ex-ante identi-
cal dynamic oligopolistic industries. However, we have quantity competition instead of
price competition in Mongey (2016), and the main channel we study is strategic substi-
tutability rather than complementarity. As Jun and Vives (2004) already analyzed, this
difference is critical in shaping firm dynamics over time.

We are also interested in exploring the empirical implications of the model. To be
specific, we try to connect firm market power and industry market concentration with i)
changes of production-factor shares of output, especially the labor share; and ii) firms’
investment behavior and Tobin’s q. Each of these two strands of literature has raised the
attention of researchers in recent years, as described below.

There is growing empirical literature studying the decline in the labor share of total
output over recent decades in many countries. Elsby et al. (2013) analyzed this trend
using U.S. data, while Karabarbounis and Neiman (2014) examined data from a wider
range of developed economies. Using confidential micro-level data from the U.S. Census
Bureau since 1992, Autor et al. (2017) confirmed the declining trend. Nevertheless, there
are different explanations for this change in the labor share in the literature.

This paper is in line with the literature focusing on changes across firms and their
effect on the labor share at the industry level. Specifically, it unifies the two following
views. On the one hand, Autor et al. (2017) and Kehrig and Vincent (2017) highlighted
the rise of high-productivity, “superstar” firms. The growth of these firms drives up in-
dustry concentration, and the industrial labor share drops because the whole industry
becomes increasingly represented by these low labor share firms. On the other hand,
Barkai (2016) found a simultaneous decline of labor and capital shares in the U.S. data.
His theory suggests an increase in the price markup as a possible explanation. Employ-
ing a dynamic duopoly structure at the industry level, our model can endogenously
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generate a dispersion of ex-ante identical firms in an industry. Therefore, it can generate
different levels of price markup and market concentration simultaneously across indus-
tries, both of which help to explain the correlation with the labor share.

The limitations of the investment-q regression are well known. One approach to re-
solving this issue is acknowledging the measurement error. The alternative is relaxing
the assumptions of the basic model. For example, Caballero and Leahy (1996) intro-
duced fixed cost of investing, Gomes (2001) included financing constraints, Gourio and
Rudanko (2014) introduced “consumer capital”.

Our model suggests that market power is another way of relaxing the assumptions
along with the recent literature. Ongoing empirical work by Gutiérrez and Philippon
(2017) suggests a negative correlation between the industrial investment rate and mar-
ket concentration. In our paper, market concentration and markups are both endoge-
nously generated, which highlights a time-varying firm investment behavior that takes
the industry-level market structure into consideration.

Outline This paper proceeds as follows. Section 2 describes the model and equilib-
rium concept. Section 3 further analyzes firms’ production and investment problem,
highlighting the roles that the oligopoly market structure plays. Section 4 conducts nu-
merical exercises using the model and compares the results with cross-sectional data
evidence. Section 5 elucidates the model’s explanatory mechanism for the investment
cyclicality observed in the firm-level data. Section 6 concludes.

2 Model

In this section, we describe the benchmark model.

2.1 An Illustrative Model

We first write down an illustrative two-firm static model to see how market competition
and strategic substitution forces affect firm investments.

There are two firms in this economy competing in a differentiated product market.
The degree of product differentiation between two types of goods is γ ∈ [0, 1]. At the
beginning of the period, each firm i = 1, 2 holds an initial production quantity qi > 0.
For notation simplicity, we refer to the competitor of firm i as firm −i. Firms decide
how much investment (or disinvestment) they should make to add (or to decrease) their
production quantity q′i in this period, subject to a quadratic investment adjustment cost

function − φ
2

(
q′i
qi

)2
qi, φ > 0. After making their adjustment decisions, both firms i = 1, 2

compete in the product market, committing to produce q′i. The price that firm i faces
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follows a demand function as p′i = a− 1
b

(
q′i + γq′−i

)
, where a > 0, b > 0. Both firms can

produce their goods with a marginal cost c. Therefore, firm i’s optimization problem is
choosing its production level q′i to maximize its profit,

max
q′i

πi ≡ p′iq
′
i −

φ

2

(
q′i
qi

)2

qi − cq′i (1)

and the first-order condition of this maximization problem is

a− 2bq′i − bγq′−i − φ
q′i
qi

= c (2)

which yields the best response function for firm i given its opponents’ choice of produc-
tion in the next period q′−i,

q′i =
(a− c)− γ

b q′−i
2
b +

φ
qi

(3)

We assume a > c so that both firms will choose positive production levels and end
up with positive profits. This assumption is also intuitive: The highest possible marginal
profit of the firms should be greater than the marginal cost. Therefore, by jointly solv-
ing the best response functions (3) of firm i and firm −i, we obtain the unique Nash
equilibrium solution of this game,

q′i =
bqi (a− c) (bφ + q−i (2− γ))

(bφ + 2qi) (bφ + 2q−i)− qiq−iγ2 (4)

Figure 1 shows an example of the solution to the game. We have the claims delineated
below.

Proposition 1 Firm i’s production q′i increases with firm i’s initial production level qi and de-
creases with firm −i’s initial level q−i. Moreover, the two marginal effects from qi and q−i are
both diminishing.

Proof. See Appendix A.1.
This result demonstrates both firms’ size effects on their production choices under

the Cournot-type quantity competition. Without the adjustment cost, both firms will
choose the same level of production because of symmetry. The adjustment cost prevents
the firms from adjusting to this level and keeps q′i monotone, increasing in qi. Hence, this
inertia of firm −i’s production choice leads to a substitution effect on firm i, as the larger
amount q′−i is, the lower demand function firm i faces. Therefore, q′i is increasing in qi

and decreasing in q−i.
These two size effects are both diminishing because the marginal adjustment cost is

linear in adjustment ratio q′i/qi. Therefore, small firms’ investment decisions are affected
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Figure 1: Policy Function of Production Choice
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more by large firms when the industry is asymmetric in size. In a two-period model, the
size asymmetry stifles the small firm’s investment. If we wrote a dynamic model with
more than two decision periods, then a firm’s investment would involve a preemption
motive to stop the opponents from growing. We will see this in the full model with a
infinite horizon in Section 3.

To shed some light on the mechanism of the full model under shocks generating the
business cycle, we investigate the effect of changing the marginal cost of production,
c. A decrease in the marginal cost of production can be interpreted as an increase in
productivity.

Proposition 2 Firm i’s investment is more sensitive to changes in the marginal cost of produc-
tion as the size of its opponent q−i decreases.

Proof. See Appendix A.2.
The intuition here is that when facing a decrease in marginal cost, firm i would con-

sider the opponent’s response. If the size of the opponent q−i is large, then firm i would
not respond by investing a lot more when firm i’s market share is small. The same mech-
anism is present in the full model with business cycle variations.
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2.2 Environment

Time is discrete with an infinite horizon. There are two types of agents in this economy:
households and firms. Identical households consume final goods and supply labor.

Firms are organized in a continuum of industries. There are two firms in each indus-
try s ∈ [0, 1], indexed by i = 1, 2. We drop the time subscript t in the model description
henceforth as we formulate the model recursively. Section 2.3 describes the household’s
decision problem first, and then section 2.4 describes the firms’ optimization problem.

2.3 Households

We describe the representative households’ decisions first. On the labor market, the rep-
resentative households provide labor perfect elastically, taking wage w as given. For
simplicity, we assume w = 1. On the consumption side, the households put a nested
constant elasticity of substitution (CES) preference on both firms i = 1, 2 in all the indus-
tries s. The representative households choose ci (s) to solve

max
ci(s)

C =

(∫
c (s)

η−1
η ds

) η
η−1

(5)

c (s) =
(

c1 (s)
σ−1

σ + c2 (s)
σ−1

σ

) σ
σ−1

(6)

subject to the household budget constraint∫
[p1 (s) c1 (s) + p2 (s) c2 (s)]ds 6 I (7)

We denote c (s) as the consumption aggregated in industry s from the two firms in this
industry following (6). Furthermore, pi (s) and ci (s) denote the price and consumed
quantity at firm i in industry s, respectively. The total expenditure that households spend
on all the differentiated goods ci (s) is denoted as I.

The nested CES aggregator has two layers: In each industry s, the two firms pro-
duce differentiated goods with the elasticity of substitution σ; in turn, the cross-industry
elasticity of substitution is η. We assume that η < σ such that substitutability across
industries is less than it is within an industry, as firms in one industry are more alike in
their products. This CES demand structure is widely used in international economics for
different levels of substitution elasticity between and within production sectors, and it is
similar to that described by Atkeson and Burstein (2008).

Solving households’ optimization problem in (5), we obtain the inverse demand func-
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tion for each differentiated good,

pi (s) =
(

ci (s)
c (s)

)− 1
σ
(

c (s)
C

)− 1
η

P (8)

where the aggregate price level P is

P =

(∫ (
p1 (s)

1−σ + p2 (s)
1−σ
) 1−η

1−σ
ds

) 1
1−η

(9)

As a result, households’ total expenditure equals the product of aggregate price and
consumption, I = PC. Furthermore, if C is the optimal aggregate consumption under
total expenditure I1 and we calculate the aggregate price level P1 from Equation (9), then
C is also the optimal aggregate consumption under a different level of total expenditure
I2 with aggregate price level P2 where

I1

P1
=

I2

P2

That is to say the aggregate price level P is proportional to total expenditure I, and con-
sumptions of all the differentiated goods ci (s) are the same under different levels of I.
Since we consider a partial equilibrium without restriction on I, we pick the value of I to
normalize P = 1.

2.4 Firms

The state variables that characterize an industry s are the two firms’ capital levels ki(s),
i = 1, 2. For notational brevity, we may refer to the direct opponent in industry s for firm
i as firm −i. Since industries are the same conditional on these two capital holdings of
firms within them, we omit s in the following paragraphs.

Figure 2: Timing of Firm Decisions

Beginning of tr
(k1, k2)

Productionr
Firms play Cournot competition

Profit flow π1, π2

Draw fixed cost θir
@

@R
Active capital adjustment if θi < θ̄i

Beginning of t + 1r
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Timing Figure 2 briefly shows the timing of both firms’ decisions in one period. Con-
sider firm i in a specific industry holding capital ki at the beginning of the period, while
its direct opponent in the same industry owns capital k−i. In each period t there are two
stages: First, both firm i and −i simultaneously choose labor demand li, l−i given wage
w and demand from the household side. Firm i will consider the strategic substitution
between itself and firm−i when hiring labor. After firm production, both firm i and firm
−i decide on their investment simultaneously, and capital rolls over to the next period
after depreciation and investment. We will elaborate on firms’ optimization problems in
each stage below.

First Stage – Production Firm i maximizes its current period profit πi by choosing labor
demand li, taking its own capital ki, its within-industry opponent’s capital k−i, wage w,
and inverse demand function (8) as given,

πi = max
li

pi (yi, y−i) yi − wli (10)

where the price pi comes from Equation (8). We assume the firm’s production function
involves a constant returns to scale, Cobb-Douglas type function in capital and labor
scaled by aggregate productivity Z,

yi = Zkα
i l1−α

i (11)

and α ∈ (0, 1) is capital share. The logarithm of aggregate productivity Z follows an
AR(1) process:

log Z′ = ρ log Z + σε′

where ρ is the persistence of the process, and σ is the standard deviation of the innovation
term. ε follows i.i.d. standard normal distribution.

Firm i solves the optimization problem when the production decision of firm −i is
given. Since firms i and−i choose labor demand simultaneously, they engage in Cournot
competition because their output varies with the amount of labor they hire. There exists
a unique, pure strategy symmetric1 Nash Equilibrium of the game, and we denote the
flow profit solution as πi (ki, k−i; Z). In section 3.1 we will discuss the uniqueness of the
equilibrium and other properties of this Cournot game.

Second Stage – Investment Each firm i decides its investment policy simultaneously
after the production stage. Investment is subject to a non-convex capital adjustment cost

1Symmetric means firm i and −i are using the same set of policy functions conditional their respective
states, rather than saying the two firms behave identically.
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consisting of two parts. The first is a fixed part θi > 0 drawn from a time-invariant
distribution F (θ) and is independent across firms. This i.i.d. draw, θi, is only known to
firm i. The second part Φ is a quadratic function of the gross investment ratio,

Φ (xi, ki) =
φ

2

(
xi

ki

)2

ki (12)

where φ > 0 controls the curvature of the adjustment cost function. Firm investment
contributes to the law of motion of firm capital holdings as

k′i = (1− δ) ki + xi (13)

where δ ∈ (0, 1) is the rate of capital depreciation.
The fixed cost can generate lumpiness of firm investment, which is qualitatively con-

sistent with empirical evidence from firm-level data (e.g., as Cooper and Haltiwanger
(2006) suggests). Second, in a specific industry, firms i and −i simultaneously choose
their respective investment levels. As Doraszelski and Satterthwaite (2010) points out,
multiple equilibria usually emerge in this game, and we can refine them into one unique
Markov Perfect Equilibrium by including randomness in the fixed adjustment cost. Since
θi is private information only observable by firm i, firm i’s within-industry competitor,
firm −i, cannot observe it, and vice versa. Therefore, firm −i would choose investment
only considering the expectations of firm i’s decision with its limited information on the
distribution of fixed cost θi, rather than knowing firm i’s actual investment choice. This
random variable essentially provides randomness across firm i’s investment behavior,
and there is only a unique solution to this Markov Perfect Equilibrium. This functional
form is different from the work of Besanko et al. (2010) while sharing the same spirit:
Instead of restricting on a discrete choice domain, we extend to a continuous domain of
policy functions by randomizing fixed cost θi.2

Value Functions We write down the firm’s value function at the beginning of period t
by combining the two stages above. Firms maximize their expected sum of discounted
profits with discount rate β ∈ [0, 1). A firm’s optimal investment policy xi depends not
only on the two firms’ initial capital holdings but also on the fixed cost draw θi. Firm
i will choose xi 6= 0 if the value of adjusting capital is higher than that of just leaving
it depreciated.3 Denote VNA

i as the value function when firm i chooses not to adjust its
capital and VA

i as the value function under adjustment with the optimal of xi 6= 0. Then,
2This form of investment cost function implies an increasing marginal cost. Since we have a CES de-

mand system, firms will not expand their size infinitely. These conditions imply a unique Markov Perfect
Equilibrium as in Besanko et al. (2010).

3Implicitly we assume firms can borrow against its future profit to invest in this period. Firms can borrow
subject to their natural borrowing constraints.
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firm’s value function Vi (ki, k−i; Z) is as follows:

Vi (ki, k−i; Z) = πi (ki, k−i; Z) +
∫

max
{

VNA
i (ki, k−i; Z) , VA

i (ki, k−i; Z)− θi

}
dF (θi)

(14)

VNA
i (ki, k−i; Z) = βEVi

(
(1− δ) ki, k′−i (θ−i) ; Z′

)
(15)

VA
i (ki, k−i; Z) = max

xi(ki ,k−i ;Z)
−xi −Φ (xi, ki) + βEVi

(
k′i, k′−i (θ−i) ; Z′

)
(16)

We characterize the solution to (14) in Section 3.

Equilibrium Refinement To ensure the existence and uniqueness of the equilibrium
defined below, we restrict attention to the symmetric Markov Perfect Equilibrium in the
second stage, such that two firms in one industry share the same set of value and policy
functions: For any industry s with two firms holding capital k1 and k2 respectively,

V1 (k1, k2; Z) = V2 (k2, k1; Z)

x1 (k1, k2; Z) = x2 (k2, k1; Z) (17)

As in Maskin and Tirole (1988), this setting implies that firms are inherently identical (or
ex ante identical before going through random cost θ draws). The firms should behave
the same way when placed in the same circumstances, regardless of their index orders.

Distribution of Industries Each firm holds capital and invests every period according
to different draws of fixed cost θ. Different realizations of θ histories lead to heterogene-
ity in firm sizes. An industry s with two firms inside can be characterized by (k1, k2),
representing the combination of capital levels of the two firms within it. Therefore, we
denote function F (k1, k2) as the distribution of industries, capturing the density of in-
dustry s in which the firms hold (k1, k2).

2.5 Equilibrium

A recursive competitive equilibrium for the economy described above consists of the fol-
lowing variables and functions:

i) Household demand functions ci(s);

ii) Firm value function Vi (ki, k−i; Z), labor demand li (ki, k−i; Z), and investment pol-
icy conditional on active capital adjustment xi (ki, k−i; Z);

iii) Good prices pi (s);
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iv) The distribution of industries F (k1, k2; Z);

such that

i) The household demand function solves household optimization problem (5)-(7);

ii) The firm solves both the first-stage and second-stage optimization problem (14)-
(16), with the choice of symmetric Markov Perfect Equilibrium as in (17);

iii) The good market clears, and firm production yi (s) matches with household de-
mand ci (s): yi (s) = ci (s) , ∀i, s;

iv) The law of motion of industry distribution is consistent with firm investment poli-
cies. For all Borel sets K ∈ R+ × R+, the next period’s distribution F ′ follows

F ′
(
K; Z′

)
=
∫

Z
Pr
(
Z′|Z

) ∫
k1,k2

1(k′1(k1,k2;Z),k′2(k1,k2;Z))∈KdF (k1, k2; Z) (18)

3 Characterization

To highlight the key economic mechanisms in the model, this section characterizes both
stages of the firm decisions to show how strategic substitution plays a role both in firms’
production and investment behaviors. In this way, markups in each industry also include
an endogenous part in addition to CES assumption on the demand function. We first
characterize the equilibrium conditions and then demonstrate the numerical solutions
for the model.

3.1 First Stage

We first characterize firms’ production behavior. Taking wage w as given and plugging
in the inverse demand function of the households (8), the first-order condition of (10)
with respect to yi yields4

(
1− 1

σ

)
pi +

(
1
σ
− 1

η

)
pi

(
yi

y (s)

)1− 1
σ

= w
∂li
∂yi

(19)

The left hand side of Equation (19) shows the marginal revenue by producing an
additional unit of yi. Under a CES demand system, marginal revenue strictly decreases
with yi. On the right-hand side of Equation (19), ∂li/∂yi is the reciprocal of the marginal
product of labor. As the marginal cost of production is increasing in labor, Equation (19)
pins down a unique firm i’s optimal labor demand. Therefore, we can show the existence

4For firm i, choosing current production yi is equivalent to choosing li.
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of a unique pure strategy Nash Equilibrium in this Cournot game by applying Rosen’s
condition.5

Markup The first-order condition of production also reveals the role of markup. By
extracting firm i’s output price pi from Equation (19), it becomes

pi = µi
w

MPLi

µi =

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)(
yi

y (s)

)1− 1
σ

]−1

(20)

Firm i’s markup µi is the ratio of firm i’s output price to the marginal cost of produc-
tion on labor. Unlike its constant counterpart in a monopolistic competition environment
where firms are infinitesimally small, µi is time varying due to the frictional adjustment
of capital levels and the dynamic Cournot game setting. To see this. we compute the
price elasticity of demand of firm i to see how strategic substitution shifts one firm’s de-
mand function. Taking the logarithm on both sides of inverse demand function (8), given
firm −i’s production level y−i,

∂ ln yi

∂ ln pi
= − 1

1
η ζ + 1

σ (1− ζ)

ζ ≡
y

σ−1
σ

i

y
σ−1

σ
i + y

σ−1
σ
−i

∈ (0, 1)

Unlike the CES demand with atomistic firms where the price elasticity of demand is
−σ, we can see in this Cournot game that the price elasticity of demand varies between
−σ and −η. When the opponent −i produces massively, firm i’s production has little
effect on industry-level output, and the price elasticity of demand approaches the intra-
industry one, −σ. However, when firm i controls most of the industry, then the price
elasticity of demand is close to that between industries, −η. As η < σ, firm i’s price
elasticity of demand increases when the opponent −i produces more. This is the root
of the strategic substitution motive. Therefore, as markup function (20) suggests, firm
i’s markup not only depends on its size but also on that of its opponent: The larger the
opponent is, the lower the marginal cost of production the opponent faces. In turn, firm
i’s price elasticity of demand is larger, and firm i’s demand becomes more sensitive to
the price. Hence, firm i’s markup ends up lower when the direct opponent enjoys a low

5Rosen’s condition requires the sum of payoff functions to all the players is diagonally strictly concave.
This is true here because the sum of payoff functions is industry aggregated revenue.
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marginal cost of production.
The assumption η < σ is critical for the endogenous part of markup µi, as it deter-

mines the extent to which industry-level competition does matter. If alternatively, we
assume η = σ, then the model reduces to a standard monopolistic competition model as
in Dixit and Stiglitz (1977). In this case, markup µi no longer depends on firm i’s out-
put or industry production level. Instead, both firms in all the industries benefit from
a constant markup of good price over their marginal costs by η/ (η − 1). Therefore, by
setting η = σ we not only wiped out the difference between the firms within and be-
tween industries for one specific firm but also eliminated the strategic incentive of firm
production choices.

3.2 Second Stage

We now turn to the firm’s investment decisions. Following the description in Section 2.4,
firm i chooses investment xi, considering firm −i’s behavior after the realization of its
idiosyncratic fixed cost draw θi.

Active Capital Adjustment We first focus on the case when firm i decides to pay the
fixed cost and actively invest or disinvest. In this case, optimal investment policy x∗i
satisfies the first-order condition from Equation (16),

1 +
∂Φ (x∗i , ki)

∂x∗i
= β

∂Eθ−i ,ZVi
(
k′i, k′−i (θ−i) ; Z′

)
∂x∗i

(21)

The left-hand side of Equation (21) is the marginal cost of investment. Since the vari-
able cost function is quadratic and convex, the marginal cost of investment is increasing.
The right-hand side is the marginal benefit that firm i achieves in the next period. There-
fore, Equation (21) yields a unique solution for firm i if the firm’s value function is strictly
concave and increasing in ki. We do not have an analytical solution for the firm’s value
function because of the strategic substitution motives from the investment policy of firm
i’s direct competitor, k′−i. However, we know that if Vi is concave in ki and convex in k−i

then we have a unique solution. In the numerical experiments below, we verify these
properties on both ki and k−i to ensure equilibrium uniqueness.

Firm i’s investment not only depends on its capital ki but also an expectation of its
opponent’s decision, which is related to the size of the direct competitor k′−i. Firm i’s
expected value in the next period decreases in k−i. Therefore, firm i’s investment de-
creases as the opponent’s size increases. The strategic substitution between these two
firms stifles investment, and the effect is more significant when firms are facing larger
opponents.
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Decision between Active and Inactive Capital Adjustment In the firm’s investment
optimization condition (21), we notice that firm i’s fixed cost part, θi, does not appear.
Hence θi does not affect the level of firm investment once firm i decides to pay the cost. In
addition, the value function of not actively investing (Equation (15)) is also independent
of θi. Therefore, according to the firm’s value function (14), firm’s optimal choice of
whether to actively invest follows a cut-off rule on the realization of θi, sharing the same
spirit as Caballero and Engel (1999). Firm i will actively invest or disinvest according to
the realization of random draw θi 6 θ̄i where

θ̄i (ki, k−i) = VA (ki, k−i)−VNA
i (ki, k−i) (22)

We know that θ̄i > 0 because the choice of keeping the undepreciated capital unchanged
is always a possible option when the firm decides to actively adjust its capital level. That
is to say VA > VNA in equilibrium.

Combining indifference condition (22) and optimal investment condition (21), firm
i’s investment is in pure strategy after the realization of random draw θi. Nevertheless,
this investment strategy is randomized from firm −i’s point of view, as θi is private
information only known to firm i. Firm −i observes the following: With probability
F
(
θ̄i
)

firm i will invest by x∗i , and with probability 1− F
(
θ̄i
)

firm i will just bring the
undepreciated capital into the next period. Knowing its opponent’s strategy structure,
firm −i sets its policy functions x∗−i (k−i, ki) and θ̄−i (k−i, ki) optimally. We only focus on
the symmetric equilibrium case here, and Doraszelski and Satterthwaite (2010) proved
its uniqueness as a special case of a broader family of games.

Strategic substitution motives also influence firm i’s decision between active and in-
active capital adjustments compared with the perfect competitive counterparts. Observ-
ing equation (22), the threshold for firm i to take an active capital adjustment decision
not only depends on firm i’s size ki but also its direct opponents’ size k−i. A larger di-
rect competitor within one industry will shrink the gap between firm i’s value functions
between active capital adjustment and vice versa. This will decrease firm i’s investment
threshold θ̄−i (k−i, ki), and therefore, increase firm i’s probability of staying inactive.

3.3 Parameterization and Computation

Parameterization We pick standard values for the parameters without purposely match-
ing empirical moments to highlight our qualitative results. We also run various experi-
ments with several different sets of parameters to confirm the robustness of our qualita-
tive findings. Table 1 describes the parameter values chosen.

We choose capital share α to be 1/3 which roughly matches the labor share of around
2/3, consistent with the literature that summarizes U.S. post-war aggregate data. Dis-
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Table 1: Parameters
Parameter Description Value Remark

α Capital share 1
3

σ Elasticity within industry ∞ Perfect substitutes
η Elasticity between industries 5.0
β Discount rate 0.98
δ Capital depreciation rate 0.1 Annual rate
φ Quadratic capital adj. cost 1.0

F (θ) Fixed capital adj. cost θ ∼ Exp (1.0)

Table 2: Summary Statistics
Moment Model Data

Industry-level Market Concentration
5-year Autocorrelation 0.47 0.56

Mean 0.6 0.38
Standard Deviation 0.1 0.2

Skewness 0.8 0.45

count rate β is chosen for implying a standard 2% risk-free rate and capital depreciation
rate δ = 0.1 to match the average investment-to-capital ratio. The coefficient φ for the
quadratic capital adjustment cost function is 1.0. This value controls the sensitivity of
investment, and currently, we choose this value for a qualitative rather than quantita-
tive exhibition. For elasticities of substitution within and between industries, σ and η

respectively, we choose η = 5.0 which resides well in the range of empirical estimates,
similar to what Atkeson and Burstein (2008) did. To simplify the computation and stress
the importance of strategic substitution motive in the model, we choose σ = ∞ which
implies perfect substitution between two firms’ production in one industry.6

We choose an exponential probability distribution spanning on [0, ∞) for fixed cost θ

draws.7 For qualitative illustrations, we show the result that emerges when putting F (θ)

in an exponential probability distribution family where the model does not restrict the
shape of the probability distribution.

6The assumption in Jaimovich and Floetotto (2008) works similarly.
7The support of the distribution of θ should cover all the possible values of threshold θ̄i > 0 for the exis-

tence of uniqueness of the solution to this dynamic game, similar as in Maskin and Tirole (1988). Otherwise,
for some ki the decision of firm i will be deterministic regardless of θi draws, leading to a collapse of this
Markov Perfect Equilibrium we characterized above.
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Computation The main challenge of the computation comes from firms’ production
and investment choices. We discretize the three dimensions of the state variables: The
capital level ki, the opponent’s capital level k−i, and aggregate TFP shock Z. For the
first-stage game where firms choose labor demand in a Cournot-type competition, with
each pair of ki, k−i combinations, we solve the nonlinear equation system (19) jointly.
The profit function for each firm is concave; hence, finding the roots of the first-order
condition system is sufficient for characterizing the optimal solution.

The second-stage game is more involved because both investment threshold θ̄ and
optimal investment level xi depend on the firm’s value function when active adjustment
occurs. From Doraszelski and Satterthwaite (2010), we can approach to this Markov
Perfect Equilibrium by solving the limiting case of a finite horizon game. We guess the
firm value at time T is 0, where T is a large positive integer. Then, with equations (21)
and (22) we can back out θ̄T−1 and xi,T−1, as well as the firm values at T − 1. As T → ∞,
the limit of value functions we achieve at time 0 converges to the solution of the infinite
horizon game. In practice, we keep iterating this process until the differences of value
functions between two consecutive periods are less than a precision value we set.

A more detailed description of solution methods is given in Appendix B.

Empirical Implications We compare some moments generated from the model with
their empirical counterparts. Table 2 verifies the moments we generated from the sta-
tionary distribution by setting the aggregate shock to its mean level. We focus on the dis-
tribution of the industry-level market structure. The data come from the U.S. Economic
Census of Manufacturing, which is conducted every 5 years. The market is nationwide
and segmented using the 6-digit NAICS code here.8 In Table 2, we report the revenue
share of the top 4 firms in the industry as the measure of market concentration. All the
statistics except for autocorrelation are calculated using the 2012 survey, and autocor-
relation is computed using data starting from 1977.9 In the model, we define market
concentration as the market share of the larger firm in one specific industry. By defini-
tion, this industry market share can only vary between (0.5, 1) as we only have two firms
in one industry, unlike the counterpart in the data.

Table 2 shows that our model generates similar statistics to the data counterpart, sug-
gesting that a more rigorous calibration or estimation exercise can potentially pin down
the parameters of interest. As we can see, the first and second moments coming from
the data are relatively larger than those from the model. This is because the model has a
narrower span of domain than the data do. However, the skewness and autocorrelation
we achieve from the model show the same qualitative pattern as the empirical findings:

8For example, NAICS code ’311111’ represents ’Dog and Cat Food Manufacturing’.
9Data prior to 1990 use SIC codes instead of NAICS codes. We convert those to 2007 NAICS codes using

the official concordance matching table.
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The autocorrelation in 5 years is positive but not that persistent, and both of them share
positive skewness, implying right-skewed distributions.

3.4 Properties of the Model

Figure 3: Firm’s Profit Function
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We check the firm’s production and investment behavior at equilibrium, muting ag-
gregate productivity shock Z = 1 at its mean level. Figure 3 shows the firm’s one-period
profit function. The horizontal axis denotes firm i’s capital holding ki and the vertical
axis shows its profit in equilibrium. Different lines in this graph correspond to evenly
spaced capital levels of firm i’s direct opponent in one industry, k−i. We can see that
firm i’s profit decreases as the size of its opponent increases, confirming the strategic
substitution force under Cournot-type quantity competition: A larger opponent leads to
a decrease in profit, and the marginal strategic substitution effect decreases as the oppo-
nent’s size increases.
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Figure 4: Firm’s Markup
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We calculate the markup following the definition in Equation (20) in Figure 4. Firm
i’s markup increases with size and decreases with the size of its opponent, firm−i. Equa-
tion (20) analytically shows the result with the economic intuition, as follows: Firm i’s
marginal cost of production decreases with capital level ki. In a Cournot-type quantity
competition as we have here, firm i would consider the effect of its behavior, ultimately
charging higher markups as the marginal cost decreases. Therefore, on the one hand,
firm i can charge a high markup due to low marginal cost when ki is large; on the other,
firm i faces a more competitive firm −i in terms of marginal cost when k−i is large, and
the markup of firm i decreases with the size of firm −i. The marginal effects of both
firm i’s and firm −i’s size on firm i’s markup are decreasing because the marginal cost of
production decreases more slowly as the capital level increases.

To elaborate on the results of the second-stage game, we illustrate the firm’s value and
investment policy functions. Figure 5 shows the value function of the firm. Different
lines represent different sizes of the direct competitor with an evenly spaced grid. As
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Figure 5: Firm’s Value Function
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we can see from the graph, the value function is increasing and concave in the firm’s
size, while it is decreasing and convex in the size of its direct competitor. Therefore, as
discussed in Section 3.2, the existence and uniqueness of second-stage Markov Perfect
Equilibrium are ensured.

Figure 6 shows the firm’s investment policy function. The horizontal axis shows firm
i’s size, and different lines represent different sizes of the direct opponent, k−i. While
firm i’s capital choice for the next period is increasing in its own size, it is decreasing as
the size of the opponent increases. Firm i’s increasing policy function in ki is mostly due
to the capital adjustment cost we impose, as firms will not adjust their capital levels dras-
tically. Nevertheless, firm i’s decreasing policy function in k−i is because of the strategic
substitution, as a large opponent in the next period k′−i shifts the demand function of
firm i towards the left, and decreases the incentive of firm i to invest in this period. In
addition, Figure 6 shows that firm i’s own size rather than the opponent −i’s size has
more influence on firm i’s investment.
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Figure 6: Investment Policy Function
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Finally, Figure 7 shows the stationary distribution of all the industries characterized
by both firms’ capital levels on horizontal and vertical axes. This distribution is axisym-
metric about the 45-degree line because the two firms are ex ante the same. What drives
the firms to differ are their historical paths of realizations of fixed cost draws θ. We can
see that the combination of capital stocks of the two firms still has substantial variation
instead of concentrating on the 45-degree line.

4 Model Implications on Cross-section

In this section, we show that our model can rationalize the two cross-sectional empiri-
cal facts documented in the literature: First, the industry-level labor share is negatively
correlated with market concentration; second, firm-level investment is also negatively
correlated with market concentration.
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Figure 7: Stationary Distribution of Industries
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4.1 Market Concentration and Labor Share

Autor et al. (2017) documented a negative correlation between market concentration and
labor share at the industry level. In their paper, the authors estimated bivariate regres-
sions of 5-year changes in the wage payroll share of value-added on the contemporane-
ous change in market concentration measured by the revenue shares of the top 20 firms.10

The data for the exercise was on 388 SIC 4-digit level manufacturing industries, spanning
between 1987 and 2012. The authors found a consistent and robust negative correlation
between these two variables.

Our model indicates a possible channel explaining this empirical finding through
firms’ strategic behaviors. Both the analytical derivation and regression from the simu-
lated data match the results in Autor et al. (2017) qualitatively, and we will describe them

10Autor et al. (2017) considers alternative measures like top 4 firms or HHI as well. The regression results
are robust to the measure they choose.
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below. The key mechanism is that the firm’s markup is endogenous and time-varying
resulting from strategic substitution motives. Different combinations of firm capital lev-
els lead to variations in market concentration, and markups play a role in determining
labor share.

As pointed out by Nekarda and Ramey (2013) and among others, it is difficult to
generate labor share variations with widely used forms of production function (like
Cobb-Douglas and CES) under perfectly competitive or monopolistic competitive envi-
ronments, let alone generating negative correlations of the labor share and market con-
centration to match empirical findings. One remedy is assuming firms employ a Cobb-
Douglas production function with a fixed overhead labor cost, as Nekarda and Ramey
(2013), Autor et al. (2017), and Jones and Philippon (2016) did. This specific functional
form could work because the average variable labor cost coming from Cobb-Douglas
production function is constant, and the average fixed labor cost decreases when pro-
duction (and revenue) increases. Therefore, the labor share decreases when one firm’s
output or revenue increases. The shortcoming of this remedy is that it requires a large
fixed overhead cost to generate substantial variations because the average fixed overhead
cost is inverse proportional to the firm’s revenue.

Our model suggests a promising alternative solution: We keep the Cobb-Douglas
production function and CES demand function but assume firms are not atomistic. Know-
ing their production choices will shift the demand function they face, firms take this ef-
fect into account, leading to an endogenous elasticity of demand. Therefore, a different
market concentration leads to variations in profit margins, as well as variations in labor
shares.

First, we derive the firm and industry labor share analytically below to show the neg-
ative correlation between the industry labor share and market concentration. Following
the analysis in 3.1, we rewrite the firm’s optimal condition for production (19) in terms
of firms’ market shares in each industry. Define market share vi of firm i in industry s as
the ratio of firm revenue to industry revenue:

vi ≡
pi (s) yi (s)
p (s) y (s)

(23)

where p(s) and y(s) are industry-level price and quantities, respectively. Expanding
Equation (20) yields the following:

w
MPLi

= pi

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)(
yi

y (s)

)1− 1
σ

]

= pi

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)
vi

]
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The left-hand side shows the marginal cost of production for firm i, and the right hand
side is the product of firm i’s output price and inverse markup. Therefore, the market
share of firm i is positively correlated with the firm-level markup. With a transformation
of the equation above, we compute firm’s labor share ωi defined as the ratio of firm i’s
wage bill to firm i’s revenue,11

ωi =
wli
piyi

= MPLi
li
yi

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)
vi

]
=

∂yi

∂li
li
yi

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)
vi

]
= (1− α)

[(
1− 1

σ

)
+

(
1
σ
− 1

η

)
vi

]
(24)

We can treat the firm’s labor share ωi as a function of its market share vi in equilibrium.
Because the elasticity of substitution across industries is less than the elasticity in one
industry (η < σ) by assumption, the coefficient of market share is negative. Hence, the
higher market share vi is, as 1/σ < 1/η the higher price markup is, and further labor
share ωi decreases.

Now we aggregate the firm-level results to industry-level results as follows. The
industry-level labor share is the total wage bill of the industry over total revenue in the
industry,

wl1 + wl2
p (s) y (s)

=
wl1

p (s) y (s)
+

wl2
p (s) y (s)

=
wl1

p1 (s) y1 (s)
p1 (s) y1 (s)
p (s) y (s)

+
wl2

p2 (s) y2 (s)
p2 (s) y2 (s)
p (s) y (s)

= ω1v1 + ω2v2

= (1− α)

[(
1− 1

σ

)
(v1 + v2) +

(
1
σ
− 1

η

) (
v2

1 + v2
2
)]

= (1− α)

[(
1− 1

σ

)
+

(
1
σ
− 1

η

) (
v2

1 + v2
2
)]

As the third line of the above equation shows, the industry-level labor share is a
market share weighted average of firm labor shares. The sum of market shares of two
firms adds up to 1, and the sum of squares of market shares v2

1 + v2
2 coincides with the

definition of HHI. As η < σ, the industry-level labor share in this model is negatively
correlated with HHI: The more concentrated the industry is, the smaller the industry-
level labor share will be.12

11In the model revenue is py, equivalent to value-added.
12As we can see from the algebra, expressing industry-level labor share as solely a function of HHI can be
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There are two intuitions that help explain this result. First, one firm’s market share
and labor share are negatively correlated. As large firms have greater weight in com-
puting industry-level labor share, the appearance of large firms with a low firm-level
labor share leads to a relatively low industry-level labor share. Second, the industry la-
bor share is related to how asymmetric one industry is. Consider two industries with
the same level of output but different market structures: The first includes two firms
with similar capital levels, while the second one includes a large firm and a small firm.
The labor shares of these two industries would differ as the large firm charges a higher
markup. The size of the industry is not sufficient to characterize its labor share; rather,
the market structure is important.

In addition to the theoretical result we have elaborated above, we compare numer-
ical results from this model with the empirical evidence Autor et al. (2017) suggested.
Figures 8 and 9 show the comparison between them by calculating the semi-elasticity of
the industry-level labor share to market concentration from both data and model simu-
lations.

Figure 8: •
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Semi-elasticity of labor share to market concentration

Figure 8 shows data with the same source described in Section 3. To compute the
semi-elasticity, we control for the year and industry fixed effects. In addition, we control
for the year-by-NAICS 3-digit fixed effects, and we still have cross-sectional variation on
the NAICS 6-digit level. We classify all the industries into 10 bins on the semi-elasticity
estimations and we show the difference between the first decile and the other nine bins.
Intervals are two standard deviation bands. As Autor et al. (2017) pointed out, the cor-
relation of labor share and market concentration on industry level shows a monotonic
decreasing pattern. We run the same exercise on simulated data from the model, and
Figure 9 shows the results. Since previous analytical results showed that the labor share
decreases with market concentration, it is not surprising to see the results in Figure 9

extended to any finite number of firms under Cournot competition structure.

24



Figure 9: •
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Semi-elasticity of labor share to market concentration

matches qualitatively well with the empirical evidence in Figure 8.

4.2 Market Concentration and Investment

Table 3: Comparison to Gutiérrez and Philippon (2017)

Dependent Variable: Net investment rate
Industry Variable GP (2017) Simulated

Average Q (t-1) 0.101 0.145
(4.78) (14.30)

Marginal Q (t-1) 0.108
(14.48)

Revenue HHI (t-1) -0.028 -0.038 -0.018
(-1.70) (-3.54) (-1.89)

log(assets) (t-1) included -0.154 -0.191
(-14.24) (-19.68)

t-statistics in brackets.

The exercise in Gutiérrez and Philippon (2017) found that in recent years, firms’ in-
vestment levels have been low despite high Tobin’s average q measures. Then, Gutiérrez
and Philippon (2017) attempted to link this with the changes in market concentration by
including a concentration measure in their regression. They found a negative correlation
between industry market concentration and firm-level investment after controlling for
Tobin’s average q.

Our theory can provide a potential explanation of this empirical result. We simulated
a sample of 1,000 firms13 and executed the same regression as Gutiérrez and Philippon
(2017) did. Table 3 shows the result. The left column of Table 3 is an excerpt from Gutiér-

13The sample size is similar to that in Gutiérrez and Philippon (2017), which is 1,110 in cross-section.
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rez and Philippon (2017), where the net investment rate is regressed on average q, sales
HHI, and other control variables, including the NAICS 3-digit level industry and year
fixed effects.

In the right column of Table 3, we first ran the same regression as Gutiérrez and
Philippon (2017) did. The average q in the model is measured by the ratio of firm i’s
value function Vi to its current capital holdings ki. We construct HHI through a revenue-
based market share ωi. We also include the firm’s capital in the regression controlling
for the size effect. All the industries in the model are ex-ante identical so we do not
need to control for the industry-level fixed effects. The estimated coefficient on HHI
is significant and close to what Gutiérrez and Philippon (2017) reported, suggesting a
negative correlation between market concentration and firm investment.

The model implies that firm-level investment is determined by two forces, namely,
the marginal product of capital in the future and strategic substitution between the firms.
First, abstracting from the competition effect, the Cobb-Douglas production function and
decreasing demand function implies that, for any firm, the investment rate decreases as
the firm grows larger because of the decreasing marginal profit with size. Second, strate-
gic substitutability reduces a firm’s investment incentive. A large opponent −i will not
adjust its capital drastically because of adjustment cost; therefore, firm i expects a rela-
tively low demand in the future in this case. This expectation makes firm i’s investment
less attractive. Hence, firm i’s investment decreases as firm −i’s size increases. Figure
10 shows both of these forces described above by plotting firm i’s net investment rate on
a two-dimensional space spanned by its capital level ki and its direct opponent’s capital
level k−i.14 We can see that firm i’s investment rate decreases with size as marginal profit
decreases; in addition, the strategic substitution incentive on investment is stark, as firm
i’s investment rate declines when its direct competitor is large.

It is worth noting that, in our model, the effect of strategic substitutability is much
stronger for a small firm than it is for a large firm, as we can see from Figure 10. This
strategic force ensures the large firms’ preemption motive, as their large size prevents
their relatively small opponent from growing fast. Similar to what Gilbert and Newbery
(1982) found, a big firm has the incentive to stop the small firm from expanding when
this expansion reduces the total profit within an industry, and Cournot-type quantity
competition leads to this. The preemption motive is so strong that surpassing the leading
firms (“leapfrogging” as in Fudenberg et al. (1983)) is not possible here. Therefore, the
strategic substitution effect allows leaders to maintain their leading positions.

We already showed the consistency of the regression results from simulated data
compared with Gutiérrez and Philippon (2017). Nevertheless, as in Equation (21), the
firm’s investment incentive is characterized by marginal q instead of average q. There-

14We set aggregate productivity at its mean level Z = 1 and look into the cross-sectional behavior.
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Figure 10: •
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fore, the last column of Table 3 shows that, if we run the previous regression with
marginal q instead of average q, then marginal q takes up much of the explanatory power
of market concentration measured in HHI. The point estimation on the effect of HHI
drops as well. Therefore, the average q is far from sufficient in evaluating firms’ invest-
ment opportunities when we think about the strategic substitution of the firms.

To summarize, we suggest a potential explanation for why the average q is insuf-
ficient to explain firm investment behavior and how market concentration may play a
role in firm-level investment. Strategic substitution incentives take place, which not only
leads to a difference between the average q and marginal q but also introduces the effect
coming from the opponent’s size. Therefore, the market concentration measures serve to
explain the insufficiency of just using the average q as a measure of investment opportu-
nity.
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5 Application in Investment Cyclicality

In this section, we first show the model implications for the firm’s investment in the
business cycle: A firm’s investment is more sensitive to the business cycle shocks when
the sizes of the opponents competing at the industry level are small. This implication is
consistent with the empirical evidence we found. Using annual frequency data for listed
firms, we show that the investment rates of firms from highly concentrated manufactur-
ing industries are more procyclical than those from industries with low concentration
are.

5.1 Model Prediction

In the model, the business cycle is driven by an aggregate TFP shock, as we described
in Section 2. Upon 1% innovation on TFP shock, we plot the firm’s investment response,
which exceeds 1% compared with the firm’s investment at mean TFP level, as shown
in Figure 11. The horizontal axis shows the opponent’s size, and the three lines show
different sizes of firm i. We can see that regardless of the size of firm i, the investment
sensitivity decreases as the size of its direct opponent −i increases. This sensitivity is
more significant for small firms.

Figure 11: Difference of Investment Response with TFP Variation
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This result is intuitive from strategic substitution. On the one hand, while a TFP
shock increases current and future production proportional to the size of the firm, a
stronger competitor would discourage one firm from investing proportionally. The de-
mand function is decreasing, and firm i’s demand function is more elastic if the size of

28



firm −i is small. On the other hand, a universal TFP shock has a greater effect on small
firms than it does on large firms because the marginal benefit decreases in relation to
firm size due to the CES demand function.

The model above only included two firms in each industry, which deviates from re-
ality. In the following empirical exercise, we use market concentration measures for
approximating the scales of industry-level competitors as a remedy. The more concen-
trated one industry is, the larger the competitors are on average. Therefore, we can check
whether this model implication is consistent with the empirical evidence.

5.2 Data

We gather related aggregate, industry-level, and firm-level data for our empirical anal-
ysis. For aggregate data, we use the HP-filter detrended (λ = 100) annual real gross
domestic product (GDP) from NIPA. We describe industry- and firm-level data below.

Industry-level Concentration The industry-level concentration data come from the
U.S. Census of Manufacturing. This dataset provides multiple criteria on market con-
centration for every 5 years: revenue-based market share of the top 4, 8, 20, and 50 firms,
as well as HHI. For the results below, we use the market share of the top 4 firms as the
benchmark criterion because the original data exhibit the least missing observations. We
also provide robustness checks with other criteria below.

Figure 12: •
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As shown in Figure 12, we plot the median value and 10th and 90th percentiles of
the top 4 firm market share across all the industries. We can see that market concentra-
tion varies substantially; moreover, such variability is a persistent feature of the cross-
sectional distribution. Figure 13 describes the 25th and 75th percentiles of the industry-
level cross-sectional distribution of relative changes over two census years of the top 4,
8, and 20 firms, respectively. Conditional on one specific industry, market concentration
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also varies over time.

Figure 13: Range of Changes in Industry-level Concentration for the 25th-75th Percentile
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Note: Solid lines, 25% percentiles; Dashed lines, 75% percentiles in NAICS 6-digit level cross-section

We construct a variable CON by taking the logarithm of raw concentration data and
demeaning them by each NAICS 6-digit industry. In this way, the measure CON cap-
tures whether one industry has a relatively high or low concentration compared with
the “average” values. As the Census Bureau reports the concentration data every 5 years
and the firm-level data are annual, we use the most recent concentration data available
for annual firm observations.

Firm-level Data We took firm-level data primarily from CRSP/Compustat Fundamen-
tals, which provides information on all the listed firms in the United States. We use
annual frequency data from 1970 to 201615 and only keep firms that are incorporated in
the U.S. We only keep SIC codes between 2000 and 3999 for firms in the manufacturing
sectors, since we only have concentration ratios from the Census of Manufacturers. We
keep data points with a total value of assets (AT) larger than 1 (million), drop observa-
tions with missing or negative net property, plant, and equipment (PPENT).

We consider the gross investment rate as the ratio of capital expenditures (CAPX) at
time t to net property, plant, and equipment (PPENT) at time t− 1, in the spirit of Ra-
jan and Zingales (1998). We also consider the change in the PPENT term for robustness
checks, as the capital expenditure term usually omits the changes through merger and

15Data availability is longer but coverage is more complete from the 1970s on.
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acquisition, and hence underestimates the change in PPENT. Since the distribution or
gross investment rate is highly right skewed, as shown in Figure 14, we winsorize ob-
servations where gross investment rate is larger than 3.5 as to remove outliers that are
potentially sensitive to regression analysis.16 These outliers account for 1% of the over-
all sample. The change in PPENT is shown in Figure 15, and we winsorize the top and
bottom 0.5% of the overall sample in the empirical exercise delineated below.

Figure 14: Distribution of Gross Investment Rate
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The definition of firm-level average q is the ratio of market value to total assets, and
we follow this definition for constructing the empirical proxy,

q =
ME+LT+PSTK

AT

where ME denotes the market value of equity, LT denotes total liabilities, PSTK denotes
preferred stock, and AT denotes total assets. We evaluate the market value of equity as
the total number of common shares outstanding (CSHO) times the closing stock price at
the end of each year (PRCC_F). In the literature, there are other variations in constructing
the firm-level average q by evaluating the market value and book value (or productive
assets) differently. Our approach is one of them.17

Recent studies, such as that of Fort et al. (2013), have also pointed out the importance

16Notice that CAPX term is non-negative in data because of the definition.
17See Erickson and Whited (2000) for a comparison various measures of q.

31



Figure 15: Distribution of Changes in Capital Stock
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of firm age in shaping investment decisions and growth opportunities in the business
cycle. We define a firm’s age as the difference between the current fiscal year and the
first year the firm appears in the dataset. This variable captures the firm’s age since its
initial public offering (IPO).18

5.3 Empirical Analysis

We perform the following OLS panel regression,

Iijt

Kijt−1
= β1CONit ∗ yt + β2CONit + γ · X jt + εijt

where i denotes each industry and j denotes each firm in the data sample. β1 represents
the marginal effect of interaction between aggregate output yt and industry-level concen-
tration measure CONi. β2 shows the fixed effect on industry concentration. Xj represents
a vector of control variables, including firm size, age, average Q, and firm fixed effects.19

Table 4 shows the regressions results. For all the exercises, we control firm-level fixed
effects. The first two columns of Table 4 show a crude exercise just by adding the inter-

18For firms became publicly listed before 1970 we can only trace back to 1970. Therefore, we would
overestimate the effect of additional year in the market. The empirical results are robust to a selection of
firms entering the market after 1970.

19We don’t include a constant term in the regression because the constant will be absorbed in these fixed
effects.
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Table 4: Firm-level OLS Results

(1) (2) (3) (4) (5) (6)
I/K ∆K/K I/K (95% cut)

CON ∗ yt 1.916∗∗∗ 1.599∗∗∗ 1.740∗∗∗ 1.720∗∗∗ 1.182∗∗∗

(2.969) (2.528) (2.717) (2.626) (3.445)

CON -0.060∗∗∗ -0.060∗∗∗ 0.004 0.004 0.004 -0.004
(4.172) (4.140) (0.300) (0.297) (0.252) (0.453)

yt 0.917∗∗∗ 0.871∗∗∗ 0.628∗∗∗ 1.751∗∗∗ 1.929∗∗∗ 0.856∗∗∗

(6.294) (5.943) (4.350) (4.494) (4.830) (4.070)

log (ATt−1) -0.041∗∗∗ -0.041∗∗∗ -0.027∗∗∗ -0.015∗∗∗

log (ATt−1) ∗ yt -0.021 -0.008 0.042

qt−1 0.016∗∗∗ 0.018∗∗∗ 0.019∗∗∗ 0.011∗∗∗

qt−1 ∗ yt -0.257∗∗∗ -0.172∗∗∗ -0.147∗∗∗

Age -0.001∗∗∗ -0.001∗∗∗ -0.003∗∗∗ -0.002∗∗∗

Age∗yt -0.029∗∗ -0.042∗∗ -0.019∗∗

N 19547 19311 18543
R2 0.28 0.28 0.31 0.31 0.18 0.31
t-statistics in brackets
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

action term of concentration measure and output. The coefficient is significantly close to
1.9, indicating heterogeneity in the marginal effect of GDP for firms in differently con-
centrated industries. Ceteris paribus, if two firms only differ by how differently their
industries are concentrated, then a 1% difference in concentration leads to a positive
1.9% difference in the investment rate in response to aggregate shocks.

In the third column of Table 4, we add more control variables that may have an in-
fluence on the firm’s investment rate, as previous literature documented. We include the
total value of assets in the last fiscal year as well as firm age starting from IPO to capture
size and age effects as Fort et al. (2013) point out. Moreover, we add the average q in the
regression to see whether the effects on concentration are covered by q. It turns out that
the new variables we added are significant, as previous literature documented, but the
point estimation on CON ∗ yt only goes down from 1.9 to 1.6 and remains stark. Further,
we add the interaction of size, age, and average q with the business cycle. The fourth
column of Table 4 confirms the robustness and significance of our findings. The interac-
tion term between industry-level concentration measure and business cycle still have a
significant impact on the firm investment rate after we take what previous literature says
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into account.
The last two columns of Table 4 show some robustness checks of our regression exer-

cise. In the fifth column, instead of using the ratio of capital expenditure to net property,
plant, and equipment as the investment rate, we calculate the change rate in net prop-
erty, plant, and equipment instead. This statistic is highly right skewed as well; therefore
we winsorize right 1% of the samples. The fifth column of Table 4 shows that the point
estimation of CON ∗ yt is almost the same as the one in the fourth column, stating the
robustness of the investment measure we employ. Moreover, we are eager to see whether
our results are due to the highly right skewness of the original data. In the sixth column,
we further winsorize the distribution of investment rates by 5% and run the same exer-
cise. It turns out that the point estimation of CON ∗ yt drops a bit, stressing the potential
caveat of the tails of the distribution. Nevertheless, the significance remains solid. We
can conclude that the quantitative effects may depend on the samples – especially the
right tail of the distribution – but qualitatively, the effect of concentration is robust.

Table 5: Additional Robustness Checks

(1) (2) (3) (4) (5)
top 8 top 20 top 50 HHI q = MV

PPENT
CON ∗ yt 2.350∗∗∗ 3.583∗∗∗ 3.900∗∗ 1.091∗∗∗ 2.172∗∗∗

(2.752) (2.717) (1.940) (2.599) (3.391)

CON 0.018 0.034 0.056 -0.005 0.013
(0.909) (1.159) (1.317) (0.614) (0.919)

yt 1.734∗∗∗ 1.726∗∗∗ 1.705∗∗∗ 1.564∗∗∗ 1.437∗∗∗

(4.460) (4.439) (4.376) (3.643) (3.962)

log (ATt−1) -0.041∗∗∗ -0.041∗∗∗ -0.041∗∗∗ -0.042∗∗∗ -0.048∗∗∗

log (ATt−1) ∗ yt -0.019 -0.017 -0.014 0.034 -0.023

qt−1 0.018∗∗∗ 0.018∗∗∗ 0.018∗∗∗ 0.018∗∗∗ 0.001∗∗∗

qt−1 ∗ yt -0.254∗∗∗ -0.253∗∗∗ -0.251∗∗∗ -0.251∗∗∗ -0.001∗∗∗

Age -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ -0.001∗∗∗

Age∗yt -0.029∗∗ -0.028∗∗ -0.027∗ -0.034∗∗ -0.028∗∗

N 19572 19561 19538 17881 19547
R2 0.31 0.31 0.31 0.32 0.31
t-statistics in brackets
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 5 provides some additional robustness checks from the measurement of the
variables. The first four columns show the results with different industry-level concen-
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tration measurements with the market share of the top 8, 20, and 50 firms, as well as
HHI. The point estimations of CON ∗ yt vary while staying in the same magnitude. In
addition, we take a different definition of q as the ratio of market value to physical cap-
ital. The estimations on average q are still significant, although in different magnitudes.
Moreover, the estimations on concentration-related variables are robust to this alterna-
tive definition of q.

6 Conclusion

In this paper, we embedded firm-level dynamic duopoly games into a heterogeneous
industry, business cycle model. Although all the industries are ex ante the same, they
evolve differently according to realizations of random shocks, generating time-varying
industry-level market structures and price markups. In this way, we demonstrated a
channel of how the market structure could affect a single firm’s behavior through strate-
gic substitution under a Cournot-type game competing on quantities. We showed that
the model preliminarily succeeds in explaining the effect of market concentration on firm
labor share and investment decisions. More generally, this model has potential for ex-
plaining firm investment sensitivities in the business cycle.
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A Derivations and Proofs

In this section we present the mathematical derivations that support the propositions. r

A.1 Proof to Proposition 1

We take derivative of firm i’s capacity in the second period, q′i, with respect to qi and q−i

respectively. First, firm i’s own size qi,

∂q′i
∂qi

=
b2 (a− c) φ (bφ + 2q−i) (bφ + q−i (2− γ))

[(bφ + 2qi) (bφ + 2q−i)− qiq−iγ2]2

Since γ ∈ (0, 1), (bφ + 2qi) (bφ + 2q−i)− qiq−iγ
2 > 0 as b > 0, φ > 0 and the product

of the first two terms are larger than qiq−i. Therefore the denominator is larger than 0.
Moreover, a > c is by assumption and the numerator is larger than 0. Therefore ∂q′i

∂qi
> 0.

Second, the size of firm i’s opponent, −i,

∂q′i
∂q−i

= − b2 (a− c) φqiγ (bφ + qi (2− γ))

[(bφ + 2qi) (bφ + 2q−i)− qiq−iγ2]2

The argument is similar to what we have above. The numerator is greater than 0 and the
denominator is greater than 0 as well. Therefore ∂q′i

∂q−i
< 0.

In addition, we are going to prove the diminishing marginal effects of both ∂q′i
∂qi

and
∂q′i

∂q−i
. Taking second order derivatives of each of those two variables,

∂2q′i
∂q2

i
= −

2b2 (a− c) φ (bφ + 2q−i) (bφ + q−i (2− γ))
(
2bφ + q−i

(
4− γ2))

[(bφ + 2qi) (bφ + 2q−i)− qiq−iγ2]3
< 0

∂2q′i
∂q2
−i

=
2b2 (a− c) φ (bφ + 2qi) (bφ + qi (2− γ))

(
2bφ + qi

(
4− γ2))

[(bφ + 2qi) (bφ + 2q−i)− qiq−iγ2]3
> 0

and the proposition is proven.

A.2 Proof to Proposition 2

As an increase in marginal cost c indicates the decrease in productivity, we consider tak-
ing derivatives with respect to−c as to show the effect of an increase in productivity. The
sensitivity of firm i’s investment, q′i, on the level of productivity, is the partial derivative

∂q′i
∂(−c) . Therefore, we evaluate ∂2q′i

∂(−c)∂q−i
to see how firm i’s opponent, firm −i, have an

impact on firm i’s investment decisions.

∂2qi

∂ (−c) ∂q−i
= − b2φqi (bφ + qi (2− γ)) γ

((bφ + 2qi) (bφ + 2q−i)− qiq−iγ2)2
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The denominator is greater than 0. The numerator is greater than 0 as well because
γ < 1. Therefore, the whole second-order derivative is less than 0. Then we proved this
proposition.

B Solution Method

B.1 Discretization

As we consider a symmetric Markov Perfect Equilibrium at firm level, the value function
of firm i has three idiosyncratic states: firm i’s capital level ki, the size of firm i’s direct
opponent k−i, and the aggregate productivity shock Z. As log (Z) follows an AR(1) pro-
cess, we use Rouwenhorst method20 to set a grid of 5 points. For the two dimensions of
capital levels ki and k−i, we choose a grid of n = 75 points evenly distributed in interval
[0.01, 7.0], denoted as {k1, k2, ..., kn}. In general, CES demand functions provide an opti-
mal level of capital for firms. We check the solution such that all the policy functions at
all the states are interior of the interval we set.

While the firm’s value functions are evaluated on the Cartesian product of the dis-
cretized grid, we interpolate on the capital space (ki, k−i) using bicubic splines. In this
way, we are able to solve the policy functions of investment on a continuous domain.

B.2 Solution Algorithm

We solve the first-stage game and the second-stage game separately.
In the first-stage game we enumerate all the discretized combinations of ki and k−i.

For each combination, we use a non-linear solver21 to jointly solve Equation (10) applied
to both ki and k−i. In this step we yield the profit functions π (ki, k−i; Z) for all ki, k−i and
Z.

The algorithm for the second-stage game are the following, as we approach the solu-
tion of an infinite horizon dynamic game with the limit of finite period ones:

1. Take an initial guess of the value functions V(ki, k−i; Z) = 0.

2. Take initial guesses of capital adjustment policy functions x(ki, k−i; Z) = 0 and
adjustment thresholds θ̄(ki, k−i; Z) = 0.

3. Enumerate all the discretized state combinations and solve Equation (21) within
the capital interval we set. If we cannot find a value that solves current first order

20Unlike Tauchen method, this method performs well when the AR(1) process is highly persistent. See
Kopecky and Suen (2010) for more details.

21We use Quasi-Newton solver in Julia. Any Quasi-Newton methods are competent for this task.
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condition then we use the closest value instead. In this way we get new updates of
x(ki, k−i; Z).

4. Compute new updates of firm’s value functions following (15) and (16). Compute
new updates of threshold of capital adjustment θ̄(ki, k−i; Z).

5. With new updates of x, θ̄ we computed in the last two steps, we compute new
updates of value functions V(ki, k−i; Z).

6. Repeat steps 3–5 until the differences between Frobenius norm of these value func-
tions before and after this one-period iteration is less than 10−6.

B.3 Stationary Distribution at Z = 1

We compute the stationary distribution holding aggregate shock Z at its mean level.
Therefore, we define the distribution as histogram on the two dimensional space (ki, k−i).
While the optimal investment policy function x(ki, k−i; Z) is continuous, we follow a
lottery rule in distribution approximation. For instance, if some policy function x leading
to a k′ does not lie on the discrete grid, ki < k′ < ki+1, then the firms will transfer to state
ki with probability ki+1−k′

ki+1−ki
and transfer to state ki+1 with probability k′−ki

ki+1−ki
.

With the lottery rule we denote the transition matrix as A. If we collate the state
variables into a vector d then we seek a stationary distribution d̄ following d̄ = Ad̄. A
solution to d̄ is the eigenvector associated to the largest eigenvalue of A. Without loss of
generality we normalize the sum of elements in d̄ to 1.
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