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Abstract

This paper characterizes the short- and long-run Cournot equilibrium with heterogeneous
firms and stochastic technological change. In our model, firms have different technologies
with heterogeneous fixed and variable costs and various degrees of markups. In a framework
with homogeneous firms, Mankiw and Whinston (1986) show that the long-run Cournot
equilibrium may be inefficient due to too many entries. We extend their result to the case of
heterogeneous firms and show that higher industrial concentration of production is welfare
improving. Using administrative data for French manufacturing firms, we estimate a wide
degree of unobserved heterogeneity in both fixed and variable costs, and find a negative
correlation between both. Our simulation results show that markups surprisingly only induce
slight inefficiencies in the allocation of output. Instead, firms’ choice to employ heterogeneous

and often inefficient technologies harms more substantially welfare and aggregate output.
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1 Introduction

Firms’ cost efficiency importantly affects welfare and the standard of living. If firms increase
their efficiency in the production process, they are able to produce more without incurring higher
costs. In a competitive environment, this decreases output prices, and, consequently, increases
consumer welfare. If firms have market power, they usually lack incentives to convert the increase
in efficiency into an increase in output and a decrease in prices. This hampers the growth of
more efficient firms and leads to a (socially) inefficient allocation of production, and negatively
affects consumer welfare. See for instance Berry et al. (2019) and Syverson (2019) for literature
reviews and detailed discussions on market power and macroeconomic implications.

To measure firms’ cost efficiency and the effect of misallocation implied by market power
on welfare, most studies, however, employ cost functions with restrictive functional forms by
neglecting fixed costs and unobserved heterogeneity.! This has important consequences: such
specifications are not able to yield plausible (optimal) output levels and are not suited to inves-
tigate issues related to the size distribution of firms and its determinants, and produce biased
results and inference. Moreover, neglecting fixed costs also bears the risk of overestimating mar-
ket power: larger firms with higher fixed costs might not increase the markup for the sake of
exerting market power, but to cover higher fixed costs (De Loecker et al., 2020).2 Beyond that,
we argue that when omitting fixed costs from the analysis, variable costs are implicitly assumed
to be unrelated with fixed costs, which is critical. Consider, for instance, a manufacturing firm
using large machines (large steel production sites and/or production chains), which need a certain
number of employees to be run. In this example, the minimum number of employees for allowing
any level of production incurs a fixed cost, which, however, is intended to reduce the variable
and marginal costs. See for instance Varian (1992) and Chen and Koebel (2017) for theoretical
underpinnings with regard to the relation between fixed inputs, fixed costs, and variable costs.

In summary, a sound analysis of efficiency, market power and welfare at the firm-level, requires
cost functions with multiple dimensions in unobserved heterogeneity. Moreover, this specification
cannot be simply additive, since heterogeneity in the fixed costs vanishes in the derivation of the
profit-maximizing condition and is useless for generating heterogeneous firm size. Conversely,
heterogeneity in the variable cost function is unable to explain why so many small firms make
positive profits while others do not.

In this paper, we propose a novel framework allowing for joint heterogeneities in fixed and
variable costs, embedded in the Cournot competition model, where heterogeneous firms inter-
act strategically, choosing their optimal output level given aggregate output, cost and demand
parameters. The model not only allows us to quantitatively assess the interplay between fixed
and variable costs, and firm size, but also to disentangle the effects of technological efficiency,

market power, and allocative inefficiency on welfare.®> To the best of our knowledge, this is the

!Most studies in the empirical literature rely on efficiency measures derived from production functions (such
as translog or Cobb-Douglas) whose corresponding cost functions neglect fixed costs.

2De Loecker et al. (2020) estimate the markup by employing a Cobb-Douglas production function that neglects
fixed costs. To investigate whether firms charge higher markups as they incur higher fixed costs, they use
profitability measures that include total costs and fixed costs. As we will show, our approach, instead, allows us
to take fixed costs directly into account with an estimation procedure considering total cost and output supply.

3We are aware of the fact that Cournot competition does not represent all forms of competition that, in
practice, can potentially occur within a given industry. However, assuming Cournot competition is suitable for



first paper that seeks to quantitatively asses the implications of fixed costs on variable/marginal
costs at the firm level.

The contribution of the paper to the literature is threefold. First, we empirically imple-
ment the theoretical results related to the existence and unicity of the Cournot equilibrium.
More precisely, while this literature often considers industries with identical firms and symmet-
ric equilibrium, there are some interesting exceptions. Novshek (1985) showed that a short-run
Cournot equilibrium exists under weak conditions on firms’ cost function. Unicity of the short-
run Cournot equilibrium with heterogeneous firms was derived by Gaudet and Salant (1991).
In the long-run, when firms’ entry and exit occurs, Acemoglu and Jensen (2013) and Okumura
(2015) proved that the existence of the Cournot equilibrium still holds (but is no longer unique
in general). We contribute to this literature and amend the homogeneous firm Cournot model
and investigate differences in technologies and their interplay with firm size. While our purpose
is mainly empirical, we also describe the theoretical implications of heterogeneous technologies
at the firm level, both on the short- and the long-run Cournot equilibrium. Interestingly, we
show that there is an ordered relationship between firm size (in terms of output) and their type
of heterogeneous technology. While the theoretical framework for the occurrence of joint het-
erogeneity and their interdependence is studied by Chen and Koebel (2017), we are not aware
of any theoretical contribution simulating the welfare implications of operating heterogeneous
firms at Cournot equilibrium. We also consider an extended version of the Cournot model with
conjectural variations and also compatible with product differentiation.

Second, using administrative French firm-level data, we contribute to the existing empirical
literature by explicitly introducing joint heterogeneity in the fixed cost and in the variable cost
of production and study the interplay between both types of heterogeneity. A large part of the
literature tackling the issue of productivity and technological change bases its identification strat-
egy on the production function (Ericson and Pakes, 1995). Considering a production function is
helpful to estimate productivity, but is not suitable to identify fixed, variable and average costs.
The empirical literature on cost functions mainly focuses on univariate heterogeneity, either in
the variable cost function (Davis, 2006) or in the fixed cost function (Berry, 1992) or in total
cost (Esponda and Pouzo, 2019). While these specifications all entail unidimensional hetero-
geneity in the total cost function, we allow for multidimensional heterogeneity in both the fixed
and the variable cost functions. For that purpose, we propose an appropriate identification and
estimation strategy of the Cournot model, composed of the inverse demand function addressed
to an industry and (nonlinear) cost functions with multidimensional unobserved heterogeneity.
More specifically, we estimate in a first step the inverse demand function, applying instrumen-
tal variable and fixed effects methods to deal with the simultaneity bias. In a second step, we
use the obtained demand parameters to estimate in a nonlinear system-equation approach the
firm-level cost and output supply functions. Here, we have to deal with the incidental parameter
problem occurring when taking into account unobserved heterogeneity in fixed and variable costs
over firms and across time: the number of free parameters to be estimated increases with the

number of observations, leading to inconsistent estimates when not appropriately handled. A

our case as it allows us to be applied with exhaustive firm-level data, where prices are usually not observed. By
that, we are able to study the effect of fixed costs on variable/marginal costs, and markups, over the whole range
of the firm size distribution. This is new to the literature and the prior objective of the paper.”



further factor causing inconsistent estimates if not taken into account arises when heterogene-
ity is unobserved and neglected while being correlated with firms’ decision variables, i.e. the
optimal level of output.* To solve these problems, we employ a control-function approach in
combination with nonlinear least squares allowing us to consistently estimate the cost function
parameters and to uncover the distribution of unobserved heterogeneity in fixed and variable
costs. Our empirical results confirm the theoretical underpinnings, showing a negative relation
between variable and fixed costs: a large share of small firms does not incur any fixed costs, but
this share is significantly decreasing in firm size.

Third, we contribute to literature on the measurement of welfare and misallocation. It is well
known that the short-run Cournot equilibrium is generally not welfare-maximizing. Mankiw and
Whinston (1986) have shown that even in the long-run, firms’ entry and exit do not necessarily
contribute to reduce this inefficiency. We extend their result to the case of heterogeneous firms
and empirically investigate to which extent redistributing output over firms allows an increase in
both welfare — by improving allocative efficiency and reducing total costs — and aggregate industry
output. Starting from a long-run Cournot equilibrium, we perform simulations to evaluate the
welfare loss due to markups, output misallocation and technological inefficiencies.

Measuring misallocation has particularly gained attention in the literature (Hopenhayn,
2014). One reason for this development is the increasing availability of detailed micro data.
Baily et al. (1992), for instance, use data from US manufacturing establishments between 1972
and 1988, and show that reallocation from less to more efficient production units accounts for half
of aggregate productivity growth. Restuccia and Rogerson (2008) build a general equilibrium
model and illustrate that idiosyncratic shocks to producers’ decisions importantly affect realloca-
tion of resources and by that total output and productivity. Hsieh and Klenow (2009) find that
if production inputs in China and India were allocated as efficiently as in the US, aggregate pro-
ductivity would increase by 30%-50% and 40%-60%, respectively. Markups, i.e. a firm’s ability
to open a gap between output price and marginal costs, are considered as an important source
of market imperfection, and misallocation. For example, Peters (2020) introduces a Bertrand
competition framework, where firms increase markups during the life-cycle of their product(s)
by consistently investing in productivity growth. The author then shows that a higher churn
intensity - the rate by which new entering firms replace the products of older firms relative to
the rate at which firms increase their market power, compresses the markup distribution, and
reduces the degree of misallocation. Using US data covering the period 1997-2015, Baqaee and
Farhi (2020) show in a general equilibrium approach that reallocation from low- to high-markup
firms accounts for about 50% of aggregate productivity growth (since these firms are also highly
efficient). However, the authors also demonstrate that removing firms’ markups would further
increase aggregate productivity by 15%. Using US manufacturing data, Edmond et al. (2023),
find a sizable but much lower effect of firms’ markups and implied missallocation on aggregate
productivity and welfare. While the cited studies evaluate the effect of markup based on macro
simulations, our approach is purely micro based, leading to somewhat different conclusions: in
France, the sole removal of price markups would have hardly visible impact on aggregate output

and price. As our simulation shows, the main impact on welfare is obtained by closing firms with

“In the production function literature, this is also known as the “transmission bias®, see Gandhi et al. (2020)
and the cited literature therein.



negative profit and reallocating their production to more efficient firms.’

For the empirical analysis, we use French fiscal firm-level data covering the period from 1994
to 2019 (FICUS and FARE data). The data comprises the universe of active firms, but we
consider only those belonging to the manufacturing industry. We consider 184 industries at the
4-digit aggregation level, within which firms are assumed to produce an homogeneous output
and to compete a la Cournot.® Especially for France, the stylized facts document that there
are many very small firms but a lack of medium-sized and few but influential large firms (Ceci-
Renaud and Chevalier, 2010).7 In a typical 4-digit industry, 0.5 % of all firms hire about 39
% of the employees working in this industry, and produce 56 % of total industry output. The
concentration ratio of the 3 and 10 biggest firms are typically C3 ~ 45% and C1g ~ 74%. These
figures document that there are few actors which must have strong market power, and a large
competitive fringe of smaller firms. This seems compatible with the theoretical Cournot model
adopted here, allowing for technological differences between firms.

The reminder of the paper is organized as follows. Section 2 presents the heterogeneous firm
setup and describes the short-run Cournot equilibrium. Section 3 characterizes the long-run
equilibrium. The theoretical results pertaining to the inefficiency of the Cournot equilibrium
are discussed in Section 4, which also describes the welfare-maximizing allocation of production
over firms. Section 5 introduces an augmented model to account for product differentiation and
conjectural variations. The data and descriptive statistics are presented Section 6. Section 7 and
8 discuss the empirical model along with the estimation strategy. Sections 9 and 10 discuss the

estimation and simulation results. Section 11 concludes.

2 Short-run Cournot equilibrium with heterogeneous quadratic

cost functions

Within each industry firms are competing & la Cournot. In the short-run, there are N active

firms facing the same inverse demand function

N
p="Plyn+ > u)), (1)
j#n

where p denotes the output price, y, the production of firm n and Y_, = Zj\;n y; the total
output of firms’ n competitors. We do not introduce subscripts for the industry yet, but it is
important to realize that the inverse demand is specific to industry i.

We assume that the total cost function of each firm is the sum of a firm-specific fixed cost

5See also De Monte (forthcoming), who studies the joint evolution of aggregate productivity and markups and
the role of reallocation using similar data on French manufacturing firms.

SFor instance, companies in the 4-digit steel foundry industry (NAF code 2452) are assumed to produce
the same product, however with different technologies. The same setup applies to firms in screw and bolt
manufacturing (NAF code 2594), and so on. All firms have a cost function that is heterogeneous in fixed and
variable costs, which yield heterogeneous size.

"Various studies showed that size-dependent regulations in France distort labor allocation and so the
employment-based firm-size distribution (see, for instance, Garicano et al. (2016) and Gourio and Roys (2014)).
Our paper distinguishes itself from that literature by aiming to quantify technological differences in fixed and
variable costs and how this relates to the output-based firm size distribution and welfare.



and a variable cost function:

Cn(wmyn) = fn(wn) + Un(wnyyn)a (2)

where the fixed cost of production f,, depends upon input prices w,, but also upon technological
choices and constraints which are specific to firm n. The variable cost function v,, satisfies, by
definition, the condition vy, (wy,,0) = 0.
Each firm is profit-maximizing and chooses its output level according to the first-order opti-
mality condition:
_ Ocy

P(Y) + P,(Y)yn = Tyn(wmyn) (3)

where Y denotes the aggregate output level of the industry.

Note that if the fixed cost function f, is heterogeneous but the variable cost function v,
is the same over all firms, then (3) implies identical output levels over all firms with the same
input prices. Such a model would attribute differences in firm sizes to differences in input prices.
Here, heterogeneity in variable costs is helpful to yield optimal individual production levels able
to approximate the empirical distribution of firm sizes. The second main advantage of our
heterogeneous firm framework is that it can explain why bigger firms have increasing returns
to scale while smaller firms have decreasing returns. In the homogeneous case with U-shaped
average cost functions, returns to scale are increasing for production levels smaller than the
efficient scale of production and decreasing for larger production levels. This is not necessarily
the case here.

We assume the following regularity conditions (which will be empirically investigated later

on):

Assumption 1. The inverse demand function P is nonnegative, continuous, differentiable and

decreasing in 'Y .

Assumption 2. The cost function is continuous in wy, and y,, nonnegative, differentiable and

ncreasing in wy, and Yy,

Assumption 3. There exist firm-level and aggregate production levels § and Y such that

(i) the marginal revenue is lower than the marginal cost:
P(Y)+ P (Y)y < Ocn/Oyn (wn,y) (4)

foranyy >y andY >Y, and any firmn=1,...,.N;

(i) the cost function is not too concave:
P'(Y) < 0%ca /Oy (wn,y) (5)

foranyy <y andY <Y, and any firmn=1,...,N.

Al and A2 are common in microeconomics and industrial economics. Assumption A3(7)
implies that there is an upper threshold 7§ to individual production (because marginal cost is

always higher than marginal revenue for y > 7). A3(7) forbids the occurrence of highly nonconvex



cost functions. Condition A3(iz) is common in the literature on Cournot oligopoly, see Amir and
Lambson (2000) for instance. The Cournot equilibrium exists under relatively mild conditions,

and we follow Novshek (1985) who showed its existence provided that:

Assumption 4. The marginal revenue function satisfies:

/ /1

P(Y)+ynP (V) <0, (6)

for any value of y, <Y < N7.

A1l and A4 imply that the marginal revenue function is decreasing. A3(ii) and A4 ensure that
the profit function is concave, without requiring convexity of the cost function in y. A4 together
with the second-order condition for profit-maximization imply that firms’ reaction functions are
downward sloping. Gaudet and Salant (1991) have shown that A1-A4 imply the uniqueness
of the Cournot equilibrium. Amir (1996, Corollary 2.2) used another condition implying the
existence of the Cournot equilibrium which is not equivalent to A4. A4, however, was found to
be more useful for deriving some results below.

We follow Novshek (1984) and consider the backward reaction functions as the solution in
yn > 0 to the system of N equations (3), for given values of aggregate output Y and input prices
W

Y (wn, Y). (7)

Assumptions A3(ii) and A4 guarantee that the backward reaction functions are nonincreasing
in Y. Given existence, we then characterize the Cournot’s equilibrium as the solution to the

equation
N

Y = Zy?L(me)? (8)

n=1
which guarantees that all firms’ projections about aggregate output are fulfilled at equilibrium.
We denote the equilibrium by YV, and y,]y = yfl(wn, yN ), and note that these functions depend
upon the characteristics of all firms active in the industry.® We have the following interesting

implications:

Proposition 1. Under A1-A4, at the Cournot equilibrium with fized number of firms:

(i) The elasticity of inverse demand e(P,Y") satisfies —N < €(P,Y") < 0.

(ii) Firm n’s market share satisfies yY /Y < —1/¢(P,Y).

(i1i) The value of the marginal cost of production decreases with firm size.

(iv) The price markup increases with firm size.

(v) For a subset of N' < N active firms, YN < YN and yflvl >y for a firm n active at both
Nash equilibria.

P1 restates several claims that are well known to researchers working in the field of Cournot

equilibrium with heterogeneous firms, but often not to be found in textbooks considering mainly

8The superscript N denotes both the Nash equilibrium, and the fact that the number of firms is kept constant
(no entry, no exit) here.



homogeneous firms. It follows from P1 that if we order firms by size (say from the smallest to
the biggest), this implies that the same order carries over to the markup and the reverse ordering
applies to the marginal cost. P1(v) corresponds to what Mankiw and Whinston (1986) refer to
as business-stealing: new entries contribute to increase total output but reduce the individual
production levels of incumbents. In the context of heterogeneous firms, this result is derived by
Acemoglu and Jensen (2013) and Okumura (2015, Lemma 1).

Equality (3) implies an interesting relationship between firms’ profit rate, the inverse demand

elasticity and the rate of returns to scale:

PYn —Cn _ 1
Cn L+e(P;Y)yn/Y

€(cnyyn) — 1. 9)

Ceteris paribus, the higher the rate of return to scale 1/€(c,;yn), the lower the profit rate; the
higher the market share v, /Y, the higher the profit rate. Equation (9) also implies that for a

firm with positive profit there is a lower bound for its market share given by

€ (Cn; yn) —1
€(PY)

Yn

YNZ

Hence, firms with increasing returns to scale must have sufficient market share in order to have
positive profits.
We rewrite the cost function in order to highlight two key unobserved parameters 77’: and v,

which deform the conditional mean functions f and v that are common to all firms:

Cn(wmyn) = gf(wn) + ’szv(wna yn)v (10)
f(wn) = E[fn(wn)|wn] (11)
v(wn,yn) = E[Un(wna yn)|wmyn] (12)

The definitions of f and v imply that E[y/] = E[y’] = 1. These heterogeneity parameters
can be correlated with wy,, y,, (just as in linear fixed-effects models, for instance). While actually
any cost function (2) can be written this way, we now restrict firm heterogeneity to be stochastic

and exogenous:

Assumption 5. The technological parameters v, = (7,{,7}{) are
(i) stochastic and exogenous to the firm,

(ii) known by firms prior to producing and competing & la Cournot.

A5 ensures that the heterogeneity terms are not a deterministic function of the same explana-
tory variables as the cost function, and that they are exogenous to the firm, in the sense that
they do not (systematically) change with wy,,y,. This assumption can be justified by the fact
that the choice of the technology was made just before the firm first entered the market, and the
current value of 'y,]; and 7y are considered as (conditionally) random technological shocks. Note
that an increase in 'yf; or v, corresponds to a negative technological shock while a decrease in
these parameters represents technological progress. More restrictive versions of A5 are found in
the literature, assuming either that v;, = 0 (Jovanovic, 1982), 75 =~/ (Hopenhayn, 1992), 7%

itd (Jovanovic, 1982), or ~,, is independent of ~ (Bresnahan and Reiss, 1991).



The variable cost heterogeneity parameter «;, is related to the additive “total factor produc-
tivity* term wy, often considered in the context of production functions. When y = w,, f(x) where
x denotes a vector of inputs, and the production function f is linearly homogeneous in x (which
is equivalent to v being linearly homogeneous in y), then 72 = 1/w,. Production functions
compatible with the bi-dimensional heterogeneity like (10) in the cost function are described by
Chen and Koebel (2017).

Figure 1 represents five zones characterizing different types of firms. In zone I, firms exhibit
higher than average variable costs and relative low fixed costs. These type of firms can enter or
exit the market without bearing high sunk costs. Zone II corresponds to a zone of generalized
inefficiency: firms exhibit both higher fixed and variable costs. Firms located in zone III are
extremely efficient and able to produce with fixed and variable costs lower than average. Zone
IV comprises firms producing with lower than average variable costs and higher fixed costs.
In zone V, firms operate with an average technology and are similar to a representative firm
characterized by E[y/] = E[y"] = 1.

v

gl

Figure 1: Five technological zones

In the different zones depicted on Figure 1, firms are not only different with respect to their

technology, but we also expect to see differences in the levels of the endogenous variables.

Proposition 2. Under A1-A5, at the short-run Cournot equilibrium with fixed number of firms:
(1) Firm i individual production level decreases with ~; .

(i1) Firm i production level increases with 7.

(111) The aggregate equilibrium level of production decreases with ;.

(iv) Individual and aggregate production levels are unaffected by a change in ’ylf.
(v) Firm i’s profit decreases with ~; and ’yif.

(vi) Firm i’s profit increases with ;.

This result, proven (for completeness) in the Appendix, follows from the first and second
order optimality conditions and the fact that the marginal cost function is positive. It has been
generalized by Acemoglu and Jensen (2013) to cases with multiple equilibria. Related results
for input demands have been derived by Koebel and Laisney (2014). For output supply, Février
and Linnemer (2004) obtain a similar result, but for the case of constant marginal costs. It is

intuitive that an increase in firm ¢’s marginal cost (through higher ) decreases its output, but



not straightforward to prove due to firm heterogeneity and the existence of aggregate Cournot
effects in the backward reaction functions. According to this result, we expect to see bigger
firms located in zone III or IV of Figure 1. It should be noted (P2(i:)) that despite the fact
that the output levels of all competing firms decrease after a favorable productivity shock in the
firm i (decrease in /), the aggregate Cournot output still increases (P2(7:)). This means that
cost-reducing technological change hurts firms that are not affected by it, they lose market share,
but aggregate production in the industry increases. The increase in market size outweighs the
redistributional effect in the market shares.

Assumption A5 does not introduce any restriction about the relationship between %{ and 7y,
and we considered in P2 that both variables could be shifted independently the one from the
other. We now introduce a form of interrelation between them. The parameter v reflects the
efficiency of the variable cost function: the lower it is, the better for the firm. Conversely, the
parameter 'y£ is often considered as an inefficiency, increasing the level fixed cost.

From microeconomic theory, however, we know that the fixed cost is non-decreasing and the
variable cost is non-increasing in the level of fixed inputs — see for instance Varian (1992, Chapter
5.1). When the level of fixed input(s) is unobserved, because only information on firms’ total
capital stock and total labor demand is available, this induces a negative correlation between the

fixed and variable cost.

Assumption 6. The variable cost efficiency is a transformation of the fixed cost efficiency:

v =e(v) +n, (13)

with function e decreasing and strictly convex, and the random term n id, with an expectation

equal to zero, constant variance and uncorrelated with 7.

Function e transforms the firm-specific fixed cost efficiency 'yf; into a variable cost efficiency

v; characterizing firm n’s production technology. A6 implies that, on average, there is a trade-off
between technological parameters 75 and +,,, characterized by e. A6 has an interesting empirical
implication:

cov(r],72) < 0. (14)

This inverse relationship between fixed and variable costs is often neglected in international
trade (compare with Melitz (2003)) or industrial economics (see for instance Bresnahan and
Reiss (1991)), where fixed costs are often considered as a pure inefficiency. In turns out that in
the literature any relation between fixed and variable costs is broadly neglected, which in our
view, is a strong assumption itself, and it is rejected in our empirical part below.

For our empirical investigation, we need still more unobserved heterogeneity than introduced
so far, and require some more restrictive cost functions. We assume that firms have quadratic

cost functions:

Assumption 7. The variable cost function v, is quadratic in production and exhibits hetero-

geneity in slope and curvature:

1
Un(wn7 yn) = anvl (wn)yn + 575717)2 (wn)yr%? (15)

10



and the heterogeneity terms Y, 73, are stochastic and satisfy A5 and E[vf,] = E[v5,] = 1.

The quadratic specification of the cost function stated in A7 is compatible with the criteria of
local flexibility of the cost function, which is shown to be important for empirical investigations
(Diewert and Wales, 1987). The family of cost functions defined by (2) and (15) is able to
approximate a variety of cost functions usually considered in the literature. We introduce three
multiplicative firm-specific terms 7,]:, i, and 75, to capture heterogeneity over firms, in both the
levels of fixed and variable costs and in the slope of the variable and marginal costs. This is more
general than the uni-dimensional cost heterogeneity considered by Panzar and Willig (1978).
The specification given by (2) and (15) generalizes the heterogeneous fixed cost specification
of Spulber (1995) (who sticks to the constant marginal cost assumption). It also extends the
heterogeneous (but constant) marginal cost specification of Bergstrom and Varian (1985) and
of Salant and Shaffer (1999). While uni-dimensional heterogeneity in marginal cost is useful to
allow for unobserved heterogeneity in the level of firms’ output, bi-dimensional heterogeneity is
important to explain why the growth rate of firms with the same output levels can be different.

The specification of heterogeneity given in (15) is compatible with the former version given

in (10) if we define overall variable cost heterogeneity 7V as a weighted average of ~{,,,7%,, as

o V01 (W) yn + 378, v2(wn)y2
’yn -
v(Wn, Yn)

7 (16)

where the variable cost function v is identical for all firms and defined by evaluating v, at the

mean values E[{,] = E[y5,] = 1, that is

1
U(wm yn) = (wn)yn + 5”2(wn)y721' (17)
While the multi-dimensional technological heterogeneity in (*y,{ Y Vo) 1s important from an
empirical viewpoint, the two-dimensional representation of (77{ , 72 based on (16) is helpful for
economic interpretation as well as for drawing (two-dimensional) plots and figures.

For ~5, > 0, the firm-specific average cost function is U-shaped if f,, > 0 and v, > 0 and

reaches its minimum for production level y = \/2%{u /(73,v2). The efficient scale of production
can therefore be different from one firm to the other (for unobserved technological reasons).

The quadratic specification is convenient as it allows us to obtain an explicit solution for the

Cournot’s equilibrium in terms of (nonnegative) individual and aggregate production levels:

PY) = 47,01 (wn)

b (w _
yn( TL7Y) 75"7)2(11)”) _ P,(Y)’ (18)
N
YN =" yh (wn, YY), (19)
n=1

This highlights that the firm level of production at the equilibrium yY = y® (w,, Y") does not
only depend upon aggregate output and input prices, but also upon the technological parame-
ters v,. Equation (18) denotes the backward reaction mapping shown by Novshek (1985). It
illustrates that ceteris paribus, the higher the variable cost the lower the production level y,fl\f
(see (P2(74)) if both ~{, > 0,~3,, > 0.

11



Averaging the first order optimality conditions over firms yields

N
PYN)+ P(YNgN =y + % > vy (20)
n=1
The Cournot equilibrium is fully characterized by the average marginal cost. Firms do not need
to precisely know the values of (v, vey,) of each of their competitors to figure out the Cournot
equilibrium: some distributional statistics are sufficient, such as the number N of competitors,
the sample averages of the marginal cost terms 71, T2, and the covariance cov(va,, 3 ) between
the slopes of the marginal cost and the elementary production levels. Contrary to the case with
constant marginal costs, considered by Bergstrom and Varian (1985), the way production and
slope characteristics are jointly distributed over firms matters at the equilibrium. This extension
also allows firms to respond heterogeneously to exogenous changes in costs and demand.

In order to derive further interesting results, we consider a more restrictive form of hetero-

geneity characterized by:

Assumption 8. The variable cost heterogeneity is unidimensional, in the sense that:

’Yi}n = ’an > 0. (21)

A8 reduces the dimension of heterogeneity and allows us to focus only on marginal cost
heterogeneity instead of having to discuss the first and second derivative of the cost function
explicitly. Under A8, 7} defined in (16) is independent of (w,y). A8 is not imposed in the
empirical part of the paper, but it is interesting for providing intuition on the drivers behind our

empirical findings, which can hold (by continuity) in cases where A8 is not satisfied.

Proposition 3. Under A1-AS8, we consider two firms at Cournot equilibrium, both with similar
imput prices w and random term n. The Nash equilibrium production levels of firms i and j
satisfy yN < ij

(i) iff the biggest firm is more productive: ~v; > v

(ii) then the biggest firm has a lower unit variable cost: v; (w,y;’v) /yZN > vj (w, y]N> /yJN

(113) iff the biggest firm has higher fized costs: ~ < ’yjf and f; (w) < fj (w)

)

(iv) iff the biggest firm has a larger efficient scale of production.

P3 implies that when firms are heterogeneous in their technologies, these differences induce
them to choose different operating sizes, creating a relationship between firms’ production levels
and their technological characteristics. If we order firms into ascending output levels, there is
equivalently a corresponding ordering of the technological parameters v¥ and the variable unit
cost of production. For the fixed costs and the efficient scale of production, the ordering is only
perfect if we control the random term 7. With randomness, the order is preserved on average.

The aggregate production YV implicitly defined in (19) also depends upon the number N of
active firms, and we now study entry and exit and how adjustment in N affects the main results

of this section.
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3 The long-run Cournot equilibrium

We now characterize a Long-Run Cournot Equilibrium (LRCE) as a short-run Cournot equilib-
rium in which the number of active firms adjusts to exhaust expected profit opportunities. Firms
choose either to enter or exit the market using available information. We denote by N the set of
firms indices which are active, and by M the set of firms’ indices which are inactive. The LRCE
corresponds to a game in which firms choose their activity and production levels simultaneously,
see Lopez-Cunat et al. (1999) who also compare the simultaneous game with the one where entry
and production choices are sequential. Active firms incur a fixed cost ¢, (wy, 07, 7,) = fn (wy)
and inactive firms have ¢, (wy,0,7,) = 0.

Active firms expect nonnegative profits and all potential entrants expect nonpositive prof-
its. We introduce the superscript C to characterize the long-run Cournot outcomes y¢ and Y.
Conditionally on observables, the cost function is subject to randomness due to unknown techno-
logical progress at the beginning of the period (see A5). It turns out that aggregate production,
individual production, and profits are also random, hence, the entry/exit condition defining the
LRCE is given by:

E[P (YY) yy —cn (wnyy)] 20, (22)
E[P (Y 4+ ym) Ym — em (Wi, ym)] <0

for any n € N and m € M. The expectation operator F denotes the (rational) expectation with
respect to the technological shocks 7y, which are random (and whose distribution is conditional
on information available to the firm at the time of decision). We assume that conditions (22)
and (23) are satisfied by the data generating process. Acemoglu and Jensen (2013, Theorem 1)
or Okumura (2015, Theorem 1) showed that under A1-A4 the LRCE with heterogeneous firms
exists. The equilibrium is not unique however: different information sets condition the expec-
tations in (22) and (23) and characterize different LRCE. The distribution of the technological
shocks is conditioned by the firms’ specific history: entering firms draw -,,; from a different dis-
tribution than firms which have already experienced 20 or 40 years of activity and which have
reached some size. We follow Novshek (1984) and Acemoglu and Jensen (2013) and consider
that firms cannot change their technology without further cost. Conditionally on observables,
differences in the technology over firms (and time) is random (see A5). This is different from
Gotz (2005), Acemoglu and Jensen (2013, Section 5.4), and Ledezma (2021) who consider that
firms can choose their production technology optimally. In this context, only the more efficient
technologies are chosen, with the consequence that, at equilibrium, firms tend to be similar in
technology and firm size. It would be challenging with this approach to endogenously generate

a distribution of firms’ sizes close to those usually observed in a given industry.”

9Even in a setup with homogeneous firms, the Cournot equilibrium can be asymmetric, see for instance Novshek
(1984). The corresponding distribution of firm sizes is still very restrictive, however.
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4 Welfare and the optimal distribution of production

We now consider the welfare implications of the observed distribution of output, and investigate,
following Mankiw and Whinston (1986), the welfare loss at the LRCE. In a setup with identical
firms, Mankiw and Whinston have shown that under business stealing (see P1(v)), the free entry
equilibrium leads too many firms to enter the market in comparison to what is optimal from
the welfare viewpoint. This result has been extended by Amir et al. (2014) to a setup where
the planner controls either entry (but not production) or entry and production. In our situation
with heterogeneous firms, the central planner has to carefully consider technological differences
when deciding which firm is allowed to produce and how much. We assume that she knows the
technological parameters v, of each firm. The welfare function is similar to the one of Mankiw
and Whinston (1986):

D m—1Ym M
W ({2l fray) = /0 TP (s)ds — 3 ¢ () (24)

m=1

Note that all M firms are considered as potential contributors to economic activity in W.

4.1 Short-run optimal distribution of production

In the short-run, the planner has to decide whether firm m is entitled to produce or not, and
how much each firm produces, for given firm level technological choices. There is neither entry
nor exit, but a firm can be inactive and produce nothing. In this context, the welfare maximizer
is able to remove some inefficiencies that are introduced by markups and imperfect competition.

Technological characteristics are exogeneous, and the output levels are set such that:

we = {;nfﬁ {W ({yn}anla {'Yn}r]y:l) Ayn > O}anl} .
Nnfn=1

The Short-Run Optimal Welfare (SROW) is characterized by the first-order Kuhn and Tucker

necessary conditions for an inner maximum for W:

M
oc
p (Z ym> =5 (Wny) = A =00 A0, Ay =0, (25)
m=1 Yn
for n =1,..., M. The welfare-optimizing individual and aggregate productions are denoted by

yS and YS. It follows that a welfare maximizer (i) sets the production level of active firms to
equalize price and marginal cost (y5 > 0 = A3 = 0) and (ii) sets y,,, = 0 for any firm with a
marginal cost above the price.

A3(ii) ensures that W is concave in y, at ¥ > 0, and that the above first-order conditions
are sufficient for y;? to maximize W. Condition (25) requires that at the optimum, all active
firms produce with the same marginal cost, which contrasts with LRCE at which active firms are
characterized by a price greater than or equal to their marginal cost. The next result characterizes
the SROW and extends Mankiw and Whinston (1986) to a setup with heterogeneous firms.

Proposition 4. Assume A1-A5 and A8. In comparison to the SROW, the LRCE is characterized
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by:

(i) A lower aggregate production and a higher price: Y < Y® and P (YC) > P (YS).

(i) Welfare is too low: W < WS, and profits are too high: ©¢ > 75

(iii) Big firms which produce too little, y& < y3.

(iv) Small firms with global decreasing returns which produce too much: y$ > y°

(v) Small firms with increasing returns which either produce too little, or should produce nothing.

vi subset of the firms active a is still producing a positive quantity at the :
1) A subset th ti t LRCE is still duct A% tity at the SROW.

N¢ > NW,

The proof of P4 (see Appendix) is constructive in the sense that it characterizes which firm
is producing more and which one will be inactive at the SROW. It also defines a big firm as a
firm with a level of production at the LRCE such that its marginal cost of production is too low

for welfare maximization:

den
Jy

and conversely for a small firm. This result is also useful for our empirical purpose of investigating

(wn,yg) <P (YS) ,

the efficiency of the LRCE (see Section 10). We use P4 to implement the algorithm to compute
the SROW and the corresponding reallocation of output over firms at the SROW. Contrary to
Mankiw and Whinston (1986), increasing the efficiency of the equilibrium affects firms differently.
According to P4(iii) and P4(iv), it is optimal to reduce the size of smaller firms (with decreasing
returns) and increase the size of bigger firms.

Instead of centralizing all production decisions, the central planner can equivalently introduce
a tax and subvention scheme for inciting firms to produce at the socially optimal level. Comparing
the conditions (25) and (3) we see that the aggregate production level of Y% can be decentralized

through the introduction of a sale tax 7 specific to each firm and given by:

P(YS) ’

) =[1- pres |

Note that the sale tax rate is decreasing in y at the LRCE and takes a value of zero at the
SROW. See Guesnerie and Laffont (1978) for related results.

An interesting consequence of P4 is:

Proposition 5. Under A1-A8, we consider firms with similar input prices w at Cournot equilib-
rium. Assume that the cost functions are conver. Then N° < N€ and the Hirschman-Herfindahl
index of concentration is higher at the SROW than at the LRCE.

P5 implies that an efficient industrial policy should not try to minimize industry concentra-
tion at all costs. Actually, the opposite policy would improve welfare in the case of Cournot
competition. A related corollary has been proposed by Salant and Shaffer (1999, Corollary 2),
but for a situation where aggregate production stays constant. We generalize their result to
the comparison of two situations with different levels of aggregate output since Y° > Y. The
economic intuition behind the result is as follows: for given IV the Cournot equilibrium price is
too high, P (YN) >P (YS), by P4(7) and incites small and inefficient firms to enter the market,
while for welfare maximization the planner prefers to increase the production of the techno-

logically more efficient firms. Those big firms, however, do not spontaneously increase their
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production because they are aware that in order to sell it, the firms have to accept a decrease
in price and profits. The proof of P5 is provided in the Appendix, and is both a consequence
of the properties of the Hirschman-Herfindahl index, and of P4, which states that the SROW is
achieved through redistribution of output from the socially inefficient and smaller firms to the
efficient and bigger firms. We, however, need to focus on convex technologies in order to exclude
the occurrence of P4(v). We also reduce the dimension of heterogeneity sources and assume
identical input prices. By continuity in w, P5 still applies if input prices are close enough but

not strictly identical for firms n and m.

4.2 Long-run optimal welfare

In the long-run, the planner also has an entrepreneurial duty and selects the production technolo-
gies that will be active at Long-Run Optimal Welfare (LROW). The planner can replicate some
production technologies in order to maximize welfare. In a decentralized economy, in contrast,
the type of technology is private knowledge of the entrepreneurs. Although there is a financial
incentive to adopt the most efficient technologies, both the firm size distribution and productivity
distribution provide evidence for large differences in technologies.

While at SROW, a firm producing nothing bears the fixed cost f,, in the LROW, the cost
of inactivity is zero (the planner forbids entrance of such a firm). The resulting discontinuity of
the cost function at y,, = 0 has now to be treated more carefully. A second difficulty is that
the planner now has to decide which technologies to activate and to replicate in the long-run.

Formally:

wh = {y HWIa;(M {W ({yn}%:la {’Yn}r]yzl) Ayn > 0}7]14:1 A {’Yn}%:l € F} . (26)
Y

The technological set I' C R? denotes the set of all technologies available. The long-run optimal
value satisfies W > W¥ because the planner faces fewer restrictions in (26) in comparison
to (25). Solving this problem numerically, by evaluating W over all discrete elements of T, is
time intensive: for a given industry there are MM ordered arrangements of all elements in T.
For each arrangement it is necessary to compute the optimal individual and aggregate output
levels by solving (25), which is computationally not feasible. Fortunately, a useful property for
reducing the set of candidate technologies for optimal welfare is available. Under Al to A7,
the SROW individual output quantities ys are nonincreasing in ., and the same applies to the
aggregate optimal production Y°. This implies that all LROW optimal v parameters belong to
the technological frontier, defined as the lower (nonconvex) hull of the technological parameters

as:
Il ={y, el : Pym €T Ay <Yn}- (27)

This subset 'Y C T' can be computed rapidly. At the LROW, the planner can freely choose the

technology in order to maximize welfare, so she considers the lower envelope cost function which
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corresponds to the technological long-run:

c(w,y) = c(w,y;v*) = min c(w, y;7) (28)
~erk

The cost function ¢

is now homogeneous over all firms (and is for instance considered by Mankiw
and Whinston (1986)). The long-run technological parameters v are optimal (and vary with

w,y in general). In the long-run, the following claims are satisfied:

Proposition 6. Under A1-AS8, we consider firms with similar input prices w, and ignore the
integer constraint on N. Then

(i) the LROW exists and is unique,

(ii) at LROW all firms have zero profit and local constant returns to scale,

(iii) WE > W9,

(iv) the fized cost is zero at LROW if €' (v/F) < f(w)/v(w,y"),

(v) it is equivalent to maximizing the central planner problem W' or decentralized profits wrt

(Yn,Tn), for a given price level which clears the product market with free entry.

By P6(ii), at LROW, all firms produce at the minimum of the average cost, which char-
acterizes local CRTS. It is not surprising, given that the planer maximizes welfare with less
technological constraints at LROW than in the short-run, that W% > W9, Less common is
condition P6(7v) which is compatible with the use in the long-run of a technology with positive
fixed costs. For a small level of y*, however, the threshold f(w)/v(w,y") in P6(iv) can be big,
and the planner can choose a technology with no fixed cost, in which case v** = ¢(0). When all
firms produce the same amount, the Hirschman-Herfindahl index of concentration is 1/N L 10

P6 connects the literature on heterogeneous and homogeneous technologies: at LROW the
optimal technological choice is unique, all active firms use the same technology. Under the above
assumptions, the distribution of firm sizes degenerates to a mass point at y”. This degenerate
distribution of output is far from the observed density of output, and observed heterogeneity
alone is only able to explain a narrow part of the departure between observed and optimal
distribution of output. Imperfect competition and unobserved heterogeneity also contribute to
explaining this gap, and we will investigate it empirically.

It is not possible to conclude that at LROW c&/y” < ¢ /y3, because lower average costs
are achieved at the price of a higher fixed cost, which is not necessarily efficient at LROW. It
is neither true that Y~ > Y, nor that N» < N¥ are necessarily satisfied. Regarding the total
number of firms active at LROW, the planner closes all firms producing nothing at SROW (and
avoids bearing the fixed cost), and replicates the most efficient firm. In the long-run, the number
of active firms crucially depends upon the shape of the function describing the relation between

variable and fixed cost efficiency, e(vf ), which is an empirical issue.

10Tf we consider the integer constraint, then further technologies could be used at LROW in order to produce
the residual output.
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5 Product differentiation and conjectural variations

So far, the paper focused on Cournot competition with unobserved cost heterogeneity. This sec-
tion studies whether the Cournot model — which simplifies the reality in terms of the underlying
assumptions related to product homogeneity and firms’ strategic interaction — can be extended
to cope with these shortcomings.!! We discuss models with differentiation in prices and products
as well as firms’ output decisions in response to aggregate changes in price and market size. The
main result of this section shows that, given the available information, there is no substantial
difference between the model with conjectural variation (and homogeneous products) and the
Cournot model with differentiated product. We also address the question why most comparative
statics results established in the context of Cournot competition are expected to carry over to

the framework with price and product differentiation.

5.1 Differentiated products

A first extension of the Cournot model consists to consider heterogeneity in products and prices
between firms. As pointed out by Foster et al. (2008) ”prices exhibit substantial and persis-
tent dispersion across establishments even within narrowly defined product class”. Neglecting
such differences yields inconsistent estimates of the statistics derived from the underlying model
(Klette and Griliches, 1996). The homogeneous Cournot model of Section 3, focusing on aggre-
gate market prices, is concerned by this criticism. Henceforth, we adjust the model as follows.

We consider the firm level inverse demand function, given by:

Pnt = Pnt(y) = antpo/;f)' (29)

The firm specific demand function is denoted by P,:. The industry level inverse demand function
P(Y) = E[P(y)|Y] is defined as the conditional mean of the inverse demand P(y) given aggregate
output. While P is a function of the vector of all disaggregated outputs y;, it is compatible
with homogeneous, differentiated, or heterogeneous goods. The industry level inverse demand
function P(Y'), however, depends on aggregate industry output Y, implying that this model still
belongs to the class of aggregate games. The random term a,; is a multiplicative effect, which
corresponds to unobserved price level differences between firms and over time. We assume that
Elan|Y] = 1. Note the firm-specific and industry-level price elasticities are related by:
/ /
%ynt = ?é/nttiYi
Each firm captures a part of the aggregate demand elasticity as a proportion to its market share.

In this case the equality between marginal revenue and marginal cost of firm n becomes

ov
ant (P(Yt) + P/(Yt)ynt) = rYZtaiy(wnta Ynt)-

After division by a,; on both sides of the equality, it is clear that the unobserved effect a,; affects

the estimates of the absolute levels of 4/,: firms charging higher prices are spuriously associated

"We are indebted to three anonymous referees who all suggested us to include such an extension covering
product differentiation and extensions of Cournot competition.
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with lower marginal cost if a,; > 1, but mistakenly fixed to 1 (as it is the case in the standard
Cournot model). If we were able to control for a,;, this extended model would cope with Klette
and Griliches (1996)’s criticism.

A second specification of a demand function for a differentiated product, inspired by Vives
(1999, Chapter 6) and Amir et al. (2017), is given by:

DPnt = P((sntyn + 6——rnty—n) + Unt, (30)

where the random term wu,; is now additive and reflects heterogeneity in product prices. The vec-
tor y_, denotes competitors’ productions. Under Cournot competition, the necessary condition

for optimality becomes

ov
P() + 5npl(-)ynt + Upt = F}/ztaiy(wnt7 yme).

We assume that each firm takes its decision given the information on the firm specific parameters

Ont, Unt. Here too, neglecting unobserved heterogeneity yields inconsistent estimates.

5.2 Conjectural variations

A further extension of the basic Cournot model considers Conjectural Variations (henceforth
CV). Giocoli (2005) and Majumdar et al. (2011) provide thorough surveys of the literature on

conjectural variations. The CV model extends the Cournot first order condition as follow:

ov
P(Y;f) + Cbntpl(n)ynt = PYZtaiy(wnta ynt)7 (31)

where the conjectural variation is defined by

Y

¢ t = )
" aynt

and corresponds to firm n’s conjecture about the change in aggregate output when its own output
Ynt increases by a marginal unit. The CV is equal to 1 for Cournot and 0 for Bertrand or perfect
competition.

Perry (1982) considers that ¢, is constant and identical for all firms. Most empirical in-
vestigations of this model are based on aggregate industry data, and often consider that the
conjectural elasticity ¢niynt/Y: as constant (Borooah and Van Der Ploeg, 1986).

It is well known that the identification of the CV is challenging, especially when the inverse
demand is not estimated separately. See for instance Lau (1982) for a discussion on the poor
identification of the CV parameter. We avoid this difficulty by estimating the demand function
in a first stage. Identification of ¢,; is possible if it satisfies some regularities and provided
there is enough independent variation in P’(Y;)y,: and dv/dy. The CV model was also criticized
for possible lack of consistency of firms’ conjectures ¢,; (Perry, 1982), and for providing a poor
approximation of dynamic interactions between firms (Corts, 1998). However, the CV framework

still provides a simple extension of the Cournot model and serves as a reference for evaluating the
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Cournot model.'2

We are not aware of any study that estimates the CV model at the firm-level,
which is a further contribution our paper.
Given the fact that ¢,; is subject to identification and consistency issues, we impose some

restrictions on these parameters to reduce the scope of the difficulties and assume that:

Ynt 1 Ynt
— —_— 2
@bnth ¢o+¢th+¢sYt + Cut, (32)

where the random term (,; will be absorbed by the additive random term of the regression. This
specification allows the conjectural variation ¢,; to be constant, as considered by Perry (1982),
for ¢9 = ¢y = 0. Instead, the CV-elasticity is constant if ¢y = ¢s = 0, as assumed by Borooah
and Van Der Ploeg (1986). We allow the CV-elasticity to change with firms’ output and market

share. In the conjectural variation model, the markup is given by

/ _
Hnt = 8c/P(‘9y = <1 + ¢nt8nt%Yt) 1 (33)
and depends on the inverse demand elasticity of the market, the firm specific conjectural varia-
tion, and its market share.!> While being quite general, our specification does not allow some
firms to compete a la Cournot while others compete & la Bertrand or something in-between as
in d’Aspremont and Dos Santos Ferreira (2021).

In most cases, the econometrician observes neither the product differentiation parameters
nor the conjectural variation parameters ane, Ont, dnt. P7 below states that the CV model is
compatible with product differentiation. If we extend our basic Cournot model to introduce some
product differentiation, as considered in Section 5.1, then the differentiated product Cournot
model is empirically equivalent to the homogeneous product Cournot model with conjectural
variations. P7 can also be interpreted as an impossibility to separately identify the CV model

from product differentiation models, given the information available.

Proposition 7. The marginal revenue to cost relationships are observationally equivalent in
- the homogeneous product Cournot model with conjectural variations
- the differentiated products model with inverse demand function given by (29).

A similar proposition can be made for the differentiated product model (30). If the firm knows
dnt but the econometrician does not, it is not possible for her to separately identify models with
product differentiation from models with conjectural variations. This result means that the
standard CV model in which firms produce a homogeneous product is actually compatible with
a richer underlying phenomenon in which price and product differentiation actually occur.

Interestingly, if the CV parameters satisfy 0 < ¢,y < 1, the outputs of all firms are still
strategic substitutes, and theoretical results similar to those stated in P1-P6 will still be valid

for the CV model.

12There are also new theoretical dimensions opened by the CV model proposed by d’Aspremont and Dos
Santos Ferreira (2021), pointing out that competition for market size and market share are both to Cournot and
Bertrand competition.

13The CV-parameters ¢, differ over industries and as they are weighting the inverse demand elasticities, this
parameters also capture industry heterogeneity in inverse demand elasticity.
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In summary, the "homogeneous Cournot” results of Section 2 apply to the more general con-
text of the CV model, and are also compatible with some price and product differentiation.
Despite considering a CV-model able to account for heterogeneous products, we disregard inef-
ficiencies related to producing too few or too many varieties as well as international trade. Our
CV-model does not have a structural relationship with the model with differentiated products,

and we are not able to identify and interpret the CV parameters beyond the traditional way.

6 Data and descriptive statistics

We use French fiscal data available at the firm level covering the years 1994 to 2019 (FICUS
and FARE data).!* The data comprises the universe of active firms, but we consider only
those belonging to the manufacturing industry.'® The observations contain information on firms’
balance sheet and income statements, where each firm is identified by a specific identification
number, which is constant over time. Table 1 lists the manufacturing industries considered with
the corresponding number of firms and observations.

A Dbasic data cleaning consisted of excluding observations with missing, zero or negative
values for sales, labor cost, material cost, and capital cost. We consider all firms with at least
one employee, and trim the distribution of profit rates, keeping only observations within the 1%
and 99% quantiles. This leaves us with 1,503,299 observations and 172,057 firms. The panel is

unbalanced, and on average a given firm is observed for 8.9 years.
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Figure 2: The density of firms’ profit rate and log-levels of production

Firm-level profit rates are defined as (py/c — 1) x 100, and actually represent excess or pure

profit rates, as the user cost of capital is included in the cost of production. The empirical

MEICUS and FARE refer to “fichier de comptabilité unifié dans SUSE” and “fichier approché des résultats
d’Esane”, respectively. That is, FICUS was part of the French firm-level database SUSE and was replaced in 2008
by FARE, which, in turn, belongs to the current database ESANE.

15We exclude the industry for food processing (10), the manufacture of tobacco products (12), and the manu-
facture of coke and refined petroleum products (19). Industry 10 is excluded as it comprises the overwhelming
part of the total number of firms and should, in our view, be treated separately. Industries 12 and 19 are excluded
for reason of the very low number of observations. See Online Appendix A for more details.
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distribution of the observed profit rates cost is given in Figure 2 and illustrates that the data are
fundamentally heterogeneous. The density of the profit rates (left figure) mimics the distribution
of the average cost since by definition py/c = p/(c/y). The density is not normal, but asymmetric,
and exhibits a large tail for values below the median (of 4.0%) and a thin tail above. The density
of the log-levels of production is illustrated on the right of Figure 2 (over all firms and years).
Some evidence for productive inefficiency is straightforwardly available from the descriptive
statistics. There is a huge heterogeneity in the level of average cost ¢y /yn: over firms, which
is compatible both with technological heterogeneity and inefficient output allocation over firms.
About 10% of the firms have an average cost which is three times the median average cost in
manufacturing. In each industry, output reallocation spontaneously occurs, but at a very slow
pace. Over the 184 four-digit industries, the inter-quartile range of cor(cnt/ynt, Ynt/Yar) goes
from —0.077 to —0.039. This negative correlation also means that the average (over firms) of the
average cost, is higher than the production share weighted average cost. In other words, bigger

firms have a lower average cost than smaller firms.

Table 1: Description of 2-digit industries

Industry® Description # Firms? # Obs.¢
11 Beverages 3,404 28,558
13 Manufacturing of textiles 6,695 59,549
14 Manufacturing of wearing apparel 14,378 75,828
15 Manufacturing of leather and related products 2,933 21,842
16 Manufacturing of wood and of products of wood and cork 13,115 114,862
17 Manufacturing of paper and paper products 2,725 29,985
18 Printing and reproduction of recorded media 20,611 174,507
20 Manufacturing of chemicals and chemical products 5,104 49,597
21 Manufacturing of basic pharm. products and pharm. preparations 931 8,661
22 Manufacturing of rubber and plastic products 8,011 90,773
23 Manufacturing of other non-metallic mineral products 11,420 98,991
24 Manufacturing of basic metals 2,098 20,181
25 Manufacturing of fabricated metal products 34,578 352,806
26 Manufacturing of computer, electronic, and optical products 6,982 56,847
27 Manufacturing of electrical equipment 4,901 44,049
28 Manufacturing of machinery and equipment 12,974 115,669
29 Manufacturing of motor vehicles, trailers and semi-trailers 4,003 38,262
30 Manufacturing of other transport equipment 1,831 13,745
31 Manufacturing of furniture 14,863 108,587

Total 172,057 1,503,299

2) Statistical classification of economic activities in the European Community, Rev. 2 (2008)
) 4 Firms describes the number of unique firms (ids) active over the period 1994-2019.
) 4 Obs. describes the total number of observations over period 1994-2019.

6.1 Explained and explanatory variables

Firm-specific data are mainly nominal values and cover the value of production, total labor
costs, the value of intermediate inputs, as well as the capital stock. Firms’ nominal production is
measured by the sum of firms’ sales, stocked production, and production for own use. The value
of intermediate inputs is given by firms’ expenditures for raw materials and other intermediary
goods. As proxy for firms’ capital stock we use the amount of tangible assets reported in the

balance sheet. We use industry-specific price indices (at a two-digit aggregation level) to convert
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the nominal values into real terms.'® The wage level is firm-specific and is obtained by dividing
the labor costs by the number of employees. These calculations yield the firms’ total production
Ynt, and input vector Tpns = (Tknt, Tint, azmynt)—r as well as price indices p,; for output and inputs
Wt = (Whnt, Wint, wm,nt)T. In order to calculate the user cost of capital, wy, ,:, we follow Hall
and Jorgenson (1967) and set wg ¢ = Wi ne(1+1¢) — Wi t+1(1 — ne), with w; 5,y denoting the price
index for investment (available at the industry level), r; is the long-run rate of interest and 0,
the annual rate of capital depreciation.'” Note that, for our purpose, we only keep those firm
observations with values larger than zero in capital stock, number of employees, intermediate

inputs, and production. The total cost of production is defined as c¢,; = w,l—taznt.

6.2 Descriptive statistics

Table 2 shows the average number of firms active in a typical 4-digit industry, as well as the
distribution of firm sizes over the 1994-2019 period. At the 4-digit level the number of firms is
obtained by dividing the total number of observations available for the year 2015 by 184, the
number of 4-digit industries, which yields an average number of 310 active firms.'® See Online
Appendix A for further details on the construction of the data and data cleaning. The table also
reports the average number of firms by different firm size (measured by the number of employees).
It shows that the number of firms is globally decreasing in firm size. On average, most firms have
between 2 to 4 employees, representing a share of about 23% of all firms. Table 2 also informs
us about market concentration in a typical 4-digit industry: firms with less than 20 employees
represent about 74% of all firms, and produce only 12% of total production, whereas the few firms
with 500 employees and more produce about 52% of the aggregate (4-digit) production. These
figures not only document that there are few actors with strong market power, but also that
there is a large competitive fringe of smaller firms. In our view, this seems compatible with the
theoretical Cournot model adopted here, which allows for unobserved technological differences
between firms. This unobserved heterogeneity is important for yielding a size distribution of

firms endogenously, and comparable with the observed distribution reported in Table 2.1

169 digit  industry-level —price data are available in the French national accounts at
https://www.insee.fr/fr/statistiques/28326667sommaire=2832834 (accessed May, 2026).

17The interest rate was provided by the Banque de France at: https:/ /www.banque-france.fr /statistiques/taux-
et-cours/taux-indicatifs-des-bons-du-tresor-et-oat (accessed May, 2026). We calculate d,¢ at the indus-
try level by considering the ratio between the consumption of fixed capital and fixed capital, see
www.insee.fr/fr /statistiques/2383652?sommaire=2383694 (accessed May, 2026).

BEdmond et al. (2023) calibrate an oligopoly model based on US manufacturing data at the 4-digit level to
study the effect of markups on welfare. Hereby, the total number of firms of an average 4-digit industry is 359,
with a large part of small firms, which appears to be similar to the patterns in our data.

19Gee also Online Appendix A.3, Table A4, which is complementary to Table 2, and shows the same statistics
but for 2-digit industries.
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Table 2: Statistics by firm size in a typical 4-digit manufacturing industry®

. . b Share of Share of Share of Average Profit
Firm size # of firms .

firms employees production cost rate
1 42 13.55 0.37 0.32 92.1 6.2
2-4 73 23.55 1.78 1.05 94.4 3.9
5-9 66 21.29 3.82 2.17 93.9 3.8
10-19 49 15.81 5.69 3.47 93.4 4.1
20-49 47 15.16 12.49 9.12 92.8 4.1
50-99 15 4.84 9.05 7.06 93.9 3.1
100-199 9 2.90 11.09 9.56 94.4 2.5
200499 6 1.94 15.16 14.56 94.4 2.0
500+ 3 0.97 40.55 52.68 95.8 1.1
Total 310 100.0 100.0 100.0 93.6 4.0

& Columns 3 to 5 report averages over all 4-digit industries and years (1994-2019). Shares are given
in %. Columns 6 and 7 report the median per-unit cost and median profit rate for each firm size.
P Firm sizes are measured by the number of employees.

The last two columns of Table 2 report the median values of the average cost, and profit rate
over all years and firms within a specific size class. These descriptive statistics show that the
median value of the observed average cost of production is smaller for the smallest firms. This
helps to understand why there are so many small firms in France compared to other countries.
The highest average cost is achieved for the biggest firms (with 500 employees and more). This
descriptive/empirical pattern already invites us to conjecture that there is allocative inefficiency
at the long-run Cournot equilibrium where inefficient firms are too large. For large firms, higher
average costs are sustainable due to their ability to price above their marginal cost. Heterogeneity
in the unit cost of production implies that it is possible to reduce the total cost of production
by reallocating output from firms with high average cost to firms with lower average cost. It
does not imply, however, that big firms are inefficient and should be closed and replaced by
small firms: their minimum level of the average cost could be below the one of small firms, but
they are just lacking incentives to produce at this level in order to preserve their market power.
In order to identify this inefficiency, we have to go beyond these stylized facts and investigate
firms’ average cost curve. We have especially to consider unobserved heterogeneity in the cost of
production in order to obtain consistent estimates of the cost and output supply functions, and

assess the degree of inefficiency of the economy.

7 Inverse output demand estimates

This section studies the output demand addressed to an industry ¢ =1, ..., I, and estimates the
elasticity of output demand wrt its price, which is related to the inverse function of (1). The
output price index is available at the two-digit industry level, for I = 22 industries, and for the
same time range of 26 years as in our firm-level data.?’ For the estimation, two years are lost

due to differentiating (and so T' = 24 years).

20The data available to us do not contain product-level information on prices or quantities for individual firms.
To our knowledge, only two French datasets provide such information: the Survey on Observation of Prices in
Industry and Services (OPISE) and the Annual Production Survey (EAP). However, both datasets cover only
a limited number of firms. To include the large number of active small firms in our analysis and to simulate
aggregate 4-digit markets, it is necessary to consider the full population of active firms. We therefore rely on the
exhaustive FICUS/FARE firm-level data, accepting the trade-off that product prices are not directly observed.
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We consider the following parametric specification for the output demand for industry :
InYy; = o+aoaylnYi1+a,nPy+oarm lnPZﬁM—f—eit (34)

In addition to the product price P;;, we include as regressor the price index PitM for the imports
of the corresponding goods, which are close substitutes to domestic products considered in Y.
Industry fixed effects «; are included, and, as adjustment of demand to the prices may not be
instantaneous but under the influence of the lagged level of aggregate quantities, the variable
InY;;_1 is also taken into account. Further variables influencing demand are the economy-wide

GDP, unemployment rate, and demographic variables.?!

With 528 observations however, we
choose not to overparameterize our model and consider the more parsimonious specification
with 22 industry-specific fixed effects and 3 parameters. The elasticity of demand wrt domestic
product price is then given by ay,.

The industry specific effect can be correlated with the explanatory variables and the random
term €;; is correlated with In P;; since in the aggregate product price adjusts to shocks. We

eliminate the industry specific effect by differentiating over time:
AlnYy; = ayAlnY;; 1 +ap,AlnPy+arpyAln PéM + it (35)

with 7;; = Aeyy.

Several variables that shift the output supply (but not directly output demand) can be
considered as instruments: they are correlated with In P;; and uncorrelated with the random
term n;;. We use two types of orthogonality conditions. A first set of instruments Z¢ is used to
impose contemporaneous orthogonality conditions: B[S, 27,7,:] = 0. The instruments in this
set include the industry labor cost, the intermediate consumption price index, the export price
index, and the import price.?? A second set Zp imposes a weak exogeneity requirement common
in dynamic panel data econometrics: E[z%snm] = 0 for some s < ¢t — 1. To avoid instrument
proliferation, we limit the number of instruments in Zp that would otherwise grow over time
(see, for example, Roodman (2009)).

Given an (L x L) weighting matrix W, the GMM estimator is defined by minimizing in «:

i i=1 t=1

I I T
( zmtz@ w (zzzit@ Wz, (50
i=1 t=1

The random terms n; and 7;s are likely to be correlated, both between industries (which are
interdependent) in a given year, and within a given industry over two consecutive time periods.
So we use two-ways clustering and allow for heteroskedasticity, for contemporaneous dependence

between residuals of different industries, and for temporal dependence within a given industry

2'When including GDP as further explanatory variables, its associated parameter turned out to be insignificant
in the GMM specifications, which is why we choose to remove this variable from the set of regressors.

22@Given the small weight of the manufacturing sector in the French economy, and the relative small weight of
each of the 19 industries in the manufacturing sector, we think that wages are not an explanatory variable of the
aggregate demand for a 2-digit industry output. Even if some part of the industry demand is for the purpose of
intermediate input consumption, what matters is the price of the good, which we control for, and instrument by
intermediate input price. Similarly, the exports price is already included in the calculation of the aggregate price
P, and is correlated with this endogenous variable.
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and consecutive time periods. See Online Appendix B for details.

Table 3 reports the estimated values of the parameters along with their standard deviations.
The estimates of the fixed-effects and first difference specifications of the output demands are
given for the purpose of comparison in columns 1 and 2. Our preferred specifications rely
on GMM and the corresponding estimated parameter values are included in the range of the
fixed effects (FE) and the first-difference (FD) estimates. We investigate the strength of the
instruments by regressing the endogenous variable A In Pj; on the set of instrument. The resulting
F-statistic is large and strongly rejects the hypothesis of weak instruments. Further, the test
for overidentification (OIT) does not reject the validity of our different sets of instruments.
The estimates reported in columns 3 and 4, are obtained with 3 and 2 lag values of In P;; and
InY; ;1 in the set Zp. The estimates of column 5 only consider one lag for InY;; ;. This
gives us a total number L of instruments comprised between 26 and 139. The estimates are
relatively stable wrt the number of instruments we consider. We retain the estimates reported in
column 5. Tests for the occurrence of autocorrelation in the demand shocks 7;; of order two and
higher lead to rejecting this hypothesis. This rejection (together with the high p—value of the
OIT test) supports the validity of our instruments. According to the GMM estimation results,
the estimated short-run elasticity of demand with respect to price is —0.58 and is statistically
significant at the 1% threshold. Domestic products and imports are substitutable with a cross
price elasticity of 0.45. The coefficient of lagged output is estimated at 0.80 and found to be
significant. This introduces a gap between short- and long-run price elasticities. The clustered
standard errors are substantially smaller than the HAC-robust standard errors, probably because

additional independence over spaced time periods is assumed when clustering.

Table 3: Output demand estimates

FE FD FD-GMM FD-GMM FD-GMM
ay 0.928 0.040 0.759 0.779 0.805
(0.02) (0.04)  (0.07), [0.03] (0.07), [0.04]  (0.04), [0.08]
oy —0.072  —0.747 —0.550 —0.611 —0.581
(0.07) (0.16)  (0.18), [0.08]  (0.20), [0.09]  (0.17), [0.20]
ary —0.004  0.606 0.463 0.530 0.451
(0.06) (0.16)  (0.21), [0.07]  (0.23), [0.08]  (0.12), [0.17]
No. OIC - - 139 49 26
OIT - - 0.99 0.99 0.69

Notes: HAC robust standard errors in parenthesis, clustered standard
errors in brackets. No. OIC: number of overidentification conditions.
OIT: p-value of the over-identification test (for the validity of the or-
thogonality conditions).

These estimates are useful to calculate the inverse demand elasticity which is central in
our model, and also for computing the long-run elasticities, obtained for Y;; 1 = Yj;. The
corresponding estimates are provided in Table 4. The inverse demand elasticity is obtained by
€ (Pd, Y) =1/e (Yd,p) and is estimated to as —1.72 in the short-run and —0.34 in the long-run.

Standard errors are obtained using the delta-method (with the HAC variance matrix).
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Table 4: Industry short- and long-run elasticities of output demand

Short-run Long-run
e(Ydp) e(PLY) e(vip) e(PLY)
—0.581 —1.723 —2.983 —0.335
(0.17) (0.50) (1.14) (0.13)

Standard errors are given in parenthesis and esti-
mated by applying the delta method.

The short-run inverse price elasticity is substantial. The estimate of the long-run elasticity of
demand wrt price is somewhat bigger (in absolute value) than the estimate of —1.7 obtained by
Koebel and Laisney (2016) for US manufacturing (without controlling for the price of imports,
however). With Cournot competition, there is an interesting relationship between the markup

and the market share y/Y’, parameterized by the inverse demand elasticity:

p B 1
ac/oy(w,y)  1+e(PLY)y/Y’ (37)

Using the estimates of Table 4, we draw the estimated short- and long-run relationship between
markup and market-share in Figure 3. Firms in the competitive fringe have a markup of 1. In
conformity with P1(iv), for which Figure 3 provides an illustration, the markup is monotonically
increasing in market share. While in the short-run there is substantial markup, in the long-run
this markup falls to the interval 1.10 — 1.15, which is much smaller. Instead, in the short-run,
sluggish adjustment toward market equilibrium price and quantity, according to the dynamic
relationship (34) with strong anchoring to the lagged aggregate output level, confers substantial
market power and a markup of 1.50 — 2.20 to the few firms with the biggest market share.

short-run
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Figure 3: The markup and firms’ market share
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Our estimate of the inverse demand elasticity satisfies A1 and is also broadly compatible with

A4. Indeed, when the inverse demand elasticity € is constant,

P(Y)
Y

P Y)4+yP"(Y)=¢

1+(e—1)yi},

Y
which is negative for any individual market share satisfying y5/Y < 1/(1 — €). Our estimate of
this upper bound is a market share of 36.7% in the short-run, and 74.9% in the long run. Both

inequalities are satisfied by 99.9% of the observations.

8 Cost function specification and identification

We aim at estimating a cost function composed of a fixed and variable cost term as well as
unobserved heterogeneity in both components. The first part below presents the specification of
the cost function to be estimated. Thereby, unobserved heterogeneity in the fixed and variable
costs introduces correlation both with firms’ production and the random term. In the second
part, we propose an approach to take this endogeneity into account by relying on a control-

function approach.

8.1 Specification

While a large body of the literature has considered fixed inputs generating fixed costs (see for
instance Morrison (1988)), Nekarda and Ramey (2020) emphasize the importance of splitting
total input (labor in their case) into a fixed and a variable part in order to measure the markup.
Chen and Koebel (2017) also follow this approach and allow each input to have an unobserved
fixed and variable component. Some existing econometric costs specifications are consistent with
an unspecified part of each input being fixed, like those considered by Diewert and Wales (1987):
the generalized Leontief, McFadden and Barnett include a deterministic fixed cost. However,
these fixed cost specifications are not flexible and are often reduced to a linear function of input
prices. Also, they do not include heterogeneity terms that allow for correlation between fixed
and variable cost. Instead, our specification is flexible both for the fixed cost and the variable
cost functions.

We consider a 2-digit industry at time ¢, with n = 1, ..., N firms. Our most general empirical

model considers firms’ cost function given by

1
Cnt = fnt(wnt7 t) + Ul,nt(wnt7 t)ymt + §U2mt (wnta t)yTQLt + "776“:; (38)

where the fixed cost cannot take negative values, so that we specify:
Fut(wne, ) = max {3, f (wne 1) + 0y, 0} (39)
Concerning the variable cost, we consider:
Vit (Wi, 1) = Y305 (Wne, 1) + 108, 5 =1,2. (40)
Note that, while we investigated in Section 2 the theoretical implications of an explicit negative

28



relation between fixed and variable costs, the empirical model does not impose any relation. Cost
heterogeneity ~v,; = (fy,{t, Yoty Yeg) and npe = (777{157 net,nye) is known by the firm (but unobserved
by the econometrician), which uses this information to set its optimal output level in order to

equalize marginal revenue and marginal cost:

Pt + Ot P (Ye)ynt = g 01 (W, t) + Y302 (Wnt, ) Ynt + N + M3 Ynt + 1hy (41)

with the random term 7%, such that E[nl,|wne, t, 7%, nl] = 0. We specify the parametric func-

tional forms for f wv; and vy and consider that they belong to the family of quadratic cost

functions:
£60) = OTw 0Tty L2 Ouuw 42
flw,t; = Uu,w+0,w +5C77w, (42)
1w 01w
v (w,t;601)y = <9]—ww+¢9£wt+2@w> (43)
v (wi)y? = (0F,0) 0 (44)

The vectors of parameters 0, 0y, 014, 01¢ and 0z, have dimension (J x 1), whereas the sym-
metric matrices Oy and O1yy, are (J x J). In order to identify the terms in the linear and

quadratic functions of w, we impose that

wa = @I)w’ @huw = @Iwwﬂ (45)
1T Ouw = 1" O1p = 0 (46)

where ¢ denotes a (J x 1) vector of ones. We use the Laspeyres price index ¢ T w for normalization
in order to impose linear homogeneity in w on the cost function. Both fixed and variable cost
functions are flexible in the sense that they provide a second-order approximation to an arbitrary
fixed and variable cost function; see Chen and Koebel (2017) on this issue. There is a total of
5J 4+ J(J — 1) free parameters. In our case, J = 3 and there are 21 free parameters in the
deterministic part of the cost function, contained in the vector #. As will be discussed below,
112 further parameters are associated with unobserved (and correlated) heterogeneity of fixed
and variable cost, 8, 6. There are 3 conjectural variation parameters g, fy, and 6, as well as 2
additional parameters to capture heteroskedasticity, given by o¢, and o,. In total, 138 parameters
are estimated separately for 19 different samples (which corresponds to 2 digit industries), as we

believe that technologies differ from one industry to the other.

8.2 Identification

We now turn to the identification of the cost function parameters. Given all heterogeneity
terms are set to 1, the cost function presented in (2) becomes c(w,y) = f(w) + v(w,y) with
v(w,0) = 0. The functions f and v are identified as long as v increases with y and provided that
there is enough variation in y given w. Importantly, when fixed cost are positive, omitting f(-)
yields overestimated variable costs, v, and underestimated markups defined by p/(dv/dy(w,y)).

This bias is more pronounced if f(-) and v have a negative correlation (due to unobserved
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heterogeneity), i.e., when higher fixed costs are associated with a lower variable cost on average.
Regarding the identification of the heterogeneity terms, we restate the expression of the cost

function as
¢ = fw) +7v(w,y) + 0", (47)

where the terms v/, Y, ¢ are stochastic. A comparable specification is considered by Gladden
and Taber (2009) in a context of the linear regression. They have shown that cov(yf,~?) is
identified, and can be consistently estimated when the panel data has a relatively large time
dimension. Without any restriction, however, the model is not identified. Indeed, we can write

¢ indifferently as:

¢ =) Fw) +8v(w, y) +n° =~ f(w) + Pv(w,y) +

for 'y{ #* 'yg or v{ # 4, if for some fixed ¥:

f o, wv(wy)
=7+
1 0 0 f(w)
v(w,7)
M=% :
P (w,y)

We avoid this identification problem by also considering the equality between the marginal prod-
uct and marginal cost, or equivalently the output supply function. We estimate jointly the
system of cost and optimality conditions. This relationship identifies v¥ under the assumption
that E[y¥] = 1, as firms with similar explanatory variables w but different output levels, must
differ in the unobserved heterogeneity terms. Given identification of 4V in the marginal cost
equation, the fixed cost term 4/ can then be identified from the cost equation, if we impose
E[y/] = 1. A related identification result is derived by Byrne et al. (2022), but in a context of a
univariate nonparametric heterogeneity term. We consider bivariate mutliplicative and correlated
heterogeneity terms instead.

Without loss of generality, we first impose:
E[’Yr]zt} = 1? E[’ﬂzt] = 07 .7 = U, Ula V2. (48)

Further, as v,¢, nnt are unobserved to the econometrician, and, importantly, because these terms
are correlated with output, we need to account for them to avoid potential biases. To that end,
we use a control-variable approach (Olley and Pakes, 1996; Wooldridge, 2019). More specifically,
we assume that there exists a set of observables, z,;, that allow us to capture unobserved cost

efficiency, which is formalized by the following:

Assumption 9. The unobserved technological random terms satisfy (for j = u, vy, va,c):
(i) E['Yitmntataynt] = E[%];t’wnt:t? Znt), E[Wﬁ;t’wnht?ynt] = E[nit‘wntatvznt]

(ii) E[7£t|wnta t 2] = E['Yg'zt|znt] = (2nt) = 1+ (2t — E)T i

(iti) Bl wnts t, 2ne] = Elighy|2ne] = 17 (2nt) = (200 — )T 67

The first two conditions in A9(4) imply that the dependence between unobserved heterogene-

ity terms and y,; can be controlled for by the variables z,,. Similar conditions play a central role
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in Wooldridge (2019), in the context of correlated random effects. For later use, we also rewrite

A9 as:
Yoie = (2nt) + Gl e = 1 (20t) + (49)

whose random terms satisfy

E[Cit‘wnty t, ynt] = E[Cit|wnt7 t, Znt] =0, (50)
E[&it‘wnt,ta Ynt] = E[€£t|wnt7ta Znt] = 0.

The last two conditions A9(7i) and A9(4i) imply that unobserved heterogeneity is mean inde-
pendent from wpy,t conditionally to z,:;. Just as with control functions, conditioning on the
variables z,; allows us to control for unobserved correlated heterogeneity. For simplicity, in A9
we restrict the functions 47/ and 7’ to be linear in the parameters and in the control variables
znt- The vector of empirical means Z is subtracted from z,; to ensure that the unconditional ex-
pectations satisfy E[y?,] = 1 and E[r’,] = 0. The unobserved 7/, /. values capture the relative
state of firm n’s technology at time ¢ in comparison to a reference technology (denoted by f and
v;) that is identical for all firms and time periods. As these relative efficiency levels are known to
the firm, it will produce more when both efficiency indicators are favorable, which makes output
Ynt endogenous in the expression of the cost function. According to A9, however, these relative
efficiency levels depend only upon the control variables z,;. Similar to Olley and Pakes (1996) we
consider current investment, firms’ age, wage, and 8 size classes.??'?* Whenever the level of these
variables is higher than average, we expect to see firm specific differences between its technology
and the average technology in the 4-digit industry. As recommended by Wooldridge (2019) we
include firm-specific averages (correlated with firm specific fixed effects) and the number of firms’
occurrences in the survey, to capture selection effects.?

The main empirical implication of A9 is that it allows us to replace the disturbing correlated
random terms vfbt, nfbt in the first-order condition (41), by respectively 7/ (zp¢) + C%t and 17 (zpt) +

&, which comprise the helpful control functions and unproblematic random terms Cﬂ;t, §th. Using

A9, the optimality condition (41) becomes:

Pt + Ot P (V) ynt = 7" (2nt) 01 (Wnt, £) + 07 (2ne) + 2 (200) V2 (Wt ) Yt + 02 (20t) Yt + €by
(52)

eit = CZ% + ffﬁ + Cg%ynt + f,”éynt + 77£t- (53)

Under A9, the random term €, satisfies E[el,|wpt, t, 2] = 0, but is correlated with y,,; through

2In the production function literature, control functions for unobserved productivity are derived based on
the assumption that the demand of a flexible input (such as investments or materials) is a function of some
fixed input (such as capital) and unobserved productivity. By assuming that the flexible input is continuous in
productivity, the inversion of the flexible input demand function w.r.t. productivity yields the expression for
unobserved productivity as being a function of some fixed and variable inputs. We rely on these microeconomic
foundations and assume that unobserved cost efficiency in both fixed and variable costs can be represented as a
function of current investments and some state variables.

24We consider investment as a continuous variable and do treat negative, zero or positive values specifically. As
typical for firm-level data, there is a non-negligible share of firms with zero investments. Along with the other
control variables, however, we expect that there is sufficient variation for identifying unobserved heterogeneity.

258ee Online Appendix A.3, Table A5, for some descriptive statistics of these variables.
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nt,. We circumvent the endogeneity of y,; in (52), by solving this optimality condition in y,
taking the CV (32) into account, which gives our output supply function:

_ =" ()01 (Wt t) — 0" (2ne) — (G0Y: + oy ) P'(Ve) Lo
72 (23 )2 (Wit 1) + 02 (201) — G5 P'(Yy) n

= yS (pt7 Wnt, tv Znt) + 67ylt-

Ynt (54)

The function y* denotes the firm-level supply function and the random term €”, is such that

E[gjryzt’ptvwntyta Znt] =0. (55)

It turns out that under A9, we can consistently estimate the parameters of the output supply
function by nonlinear least squares.

The output supply, however, does not allow us to identify the total cost function, because the
fixed cost and its heterogeneity distribution over firms (and time) cannot be identified from the
expression of y®. For this reason we append to our model a reformulated cost function. Equation
(38) is problematic because, even under A9, the random term 7S, is likely to be correlated with
ynt: random shocks affecting costs lead firms to adjust output. To avoid this difficulty, we
substitute y,; by

s Y
Ynt + 8nt ’

in the expression of the cost function (for the sake of conciseness, we skip the arguments of the
supply function and add a subscript nt to denote the function values). We assume that the

random term of the supply function exhibits some heteroskedasticity of the form:

E[(E7y1t)2|wmf7 L, Znt] = 0'8 + U%yfm (56)

2
Ty

where 0, 01 denote constant variance parameters, which are squared to ensure that 05 is positive.

This allows us to replace in the cost function, the squared production level by
Y = (Upe) + U; + Vnts (57)

where E[vni|wne, t, znt] = 0. With these notations, the cost function becomes:

Cnt = max{’Yf(znt)f(wnta t) + nf(znt)a 0} + 7U1 (Znt)vl (wnta t)yflt + 77U1 (Znt)yqszt (58)
1 1
+ 57" ) va (W, ) (W) + o) + 517 () (W) + 03) + 1 (2ne) + 5
where
1 1
5fzt = Cr{tf(wnta t) + 51{15 + C;)L%'Ul (wnt7 t)ynt + £U1 Ynt + §Cv27}2(wnta t)y?;,t + ngzy'?zt (59)

1 1
+ 9 (2nt)v1 (Wit t)ggnt +n" (Znt)egzt + 5’71}2 (2nt)v2(Wnt, t)Vne + 57702 (2nt)Vnt + Mg

As under A9, E[eS,|wnt, t, znt] = 0, we jointly consider equations (54) and (58) and form a system
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whose parameters we consistently estimate by nonlinear least squares.?

9 Estimation results

The theoretical model outlined in Sections 2 to 4 corresponds to a specific case of the more
general empirical model of Section 8. For this reason, we do not expect the statements of the
different propositions to be satisfied at each observation. However, we expect to see the results
valid on average, over the years and the population of firms. We discuss these estimates and

their relationship with the model below.

9.1 Unobserved heterogeneity

We present our estimates of the unobserved fixed and variable cost efficiency (which corresponds
to stochastic technological change). In Section 8, we introduced 6 heterogeneity terms. To
shorten the presentation and simplify their interpretation, we aggregate these 6 terms in 2 terms
compatible with our theoretical part, namely equations (10) and (16). The aggregate fixed
cost heterogeneity is defined as the ratio between individual and the mean fixed cost function
evaluated at wys. Similarly, the variable cost heterogeneity corresponds to the ratio between

individual and mean variable cost function values (obtained for 7} = 4 = 1 and evaluated at

Wnit, ynt>:
Af _ fnt ~v i}\nt
i f(wnt) nt U(wnta ynt)

Table 5 reports some percentiles of their respective distribution. Fixed cost is found to be
zero for most firms (69%), but it is significant for about 31% of the observations. There is
considerable heterogeneity about the size of these fixed costs. Empirically our fixed cost is a
blend of capital, labor and intermediate material inputs. Some of these fixed costs are sunk
(but we cannot identify them separately). In line with Sutton (1991)’s theory on endogenous
sunk cost we conjecture that fixed cost correspond to advertising, R&D expenditures, process
innovation (internal or external to the firm), all expenditures that allow to increase the scale of
production without increasing the unit cost of production. The distribution of variable costs,
represented by the parameter 77, is centered around 1 and has a somewhat larger tail on the left

of the median than on the right.

Table 5: Distribution of firms’ unobserved heterogeneity

Q10 Q25 Q50 Q75 Q90
37,000 0.00 0.00 0.90 8.00
v, 0.68 090 1.03 1.14 1.29

Note: Q10 to Q90 report the 10" to the
90" percentile of the respective distribu-
tion.

While about 25% of the firms have a variable cost more than 10% below average (for which

~vY = 1), there are also 25% of the firms with average costs higher than average by 14% or

268ee Online Appendix C for more details on the nonlinear estimation procedure.
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more. This unobserved heterogeneity is estimated to be economically relevant and, according to
Proposition 3, we expect it to strongly influence a firm’s size.

Figure 4 and 5 show kernel density estimates of the distribution of 3/ (on the left) and A"
(on the right).2” Both densities are single peaked, and show that there is a high probability mass

at around 7/ = 0 and around ¥ = 1.
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Figure 4: The density of fixed cost Figure 5: The density of variable cost
heterogeneity 7/ |3/ > 0 heterogeneity 7"

Table 6 summarizes the percentage of estimates corresponding to 4 possible estimated signs
of the linear and quadratic parts of the variable cost function, vy »; and vg ¢, which vary for each
observation over the sample. In almost all cases, predicted marginal costs are convex (92.27%
of the observations) with both v; ,; and vg s positive. In 1.12% of the cases, we find evidence
for decreasing marginal cost. Such a result is only economically sustainable if firms are able to

charge a markup over their marginal cost.

Table 6: Share of observations for different types of heterogeneity in vy ¢, V2 nt

vin <0 v, >0
Vo <0 2.03 1.12
Vo, > 0 4.57 92.27

Note: Figures are given in %.

Table 7 reports the estimates of unobserved heterogeneity over firm size. The share of firms
with no fixed costs and the median value of the fixed cost are given in the first two columns. For
small firms, we find that the large majority of firms have no fixed costs: 71% of the firms with one
employee produce without any fixed costs, but this rate decreases in firm size: less than 40% of the
firms with more than 500 employees have no fixed costs. An economic narrative can be provided:
small firms have lower profits (although their profit rate is higher), more credit constraints and

a higher probability of bankruptcy, which incite them to invest in technologies with no fixed

2"The densities are estimated using a second-order Gaussian kernel and likelihood cross-validation to obtain
optimal bandwidths.
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cost. Bigger firms can afford fixed costs, which are not directly productive (like organizational
costs, or cost-reducing R&D expenditures), and which allow them to reduce the variable cost
of production. The estimates of Table 7 are in line with the theoretical predictions: the fixed
cost parameter is larger for bigger firms, and the marginal (and variable) cost parameter is lower
for bigger firms, in conformity with P3(7). These findings also highlight the shortcomings of
usual specifications for cost functions, such as the Cobb-Douglas or the translog, which exclude,
by construction, the occurrence of fixed costs. We provide two interpretations for a higher
occurrence of absence of fixed costs for smaller firms. First, small firms produce little and do
have less incentives to decrease their marginal cost, while firms that want to grow, attract human
capital, and export face a necessity to decrease their marginal cost. Second, small firms are more
prone to exit the market than large firms. If the fixed cost is sunk, there is no way for small firms
to recover the full value of this investment (workers’ experience and knowledge, R&D, physical
capital, etc.). This helps to explain why large firms have more often positive fixed costs than

smaller firms.

Table 7: Fixed and variable costs by firm size

U

Firm size  Sy=0  fnt/Cnt % Tnt

1 71.01 0.00 0.00 1.07

2-4  68.82 0.00 0.00 1.06

5-9 70.18 0.00 0.00 1.05
10-19 71.16 0.00 0.00 1.02
20-49 63.81 0.00 0.00 0.98
50-99 70.32 0.00 0.00 0.86
100-199  78.62 0.00 0.00 0.76
200-499  70.25 0.00 0.00 0.63
5004  40.19 0.24 2876 0.37
Total 69.14 0.00 0.00 1.03

Notes: Firm sizes are measured by the
number of employees. Sy—o denotes the
share of firms with zero fixed cost. Column
fnt/cnt reports the median value of the
share of fixed cost in total cost. Columns
ﬁfn and 7, report the median value of the
estimates 57, and 57,.

9.2 Returns to scale and rate of technological change
The rate of Returns to Scale (RTS) is defined by

dlnc
Jlny

(w,t,y). (61)

When the estimated statistic is lower than one, the observation exhibits increasing RTS, while
RTS are constant or decreasing when the statistic is equal to or greater than one. The cost
function also comprises a time trend as argument, and allows us to compute estimates for the
Rate of Technological Change (RTC):

Olne

W(w,t,y). (62)
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Here we only take into account the direct effect of ¢ on total cost, for constant level of the techno-
logical parameters (which also change over time). These statistics depend upon the explanatory
variables (both observed and unobserved) and are different for each observation in our sample.
Table 8 summarizes the estimates of these elasticities over all observations of the sample. It is
interesting to note that about 27% of the estimates correspond to increasing RTS, about 24%
to constant RT'S (with a cost to output elasticity comprised between 0.95 and 1.05), and 48% to
decreasing RTS. The distribution is not symmetric but positively skewed: the lower percentiles
are more distant from 1 than the higher percentiles. Estimates for increasing returns are quite
common for cost functions, and this result contrasts with the estimates usually found with a
production function approach which frequently yields decreasing RTS. See for instance Diewert
and Fox (2008) for a discussion. These contradictory empirical results are often attributed to
the endogeneity of the production level in the cost function, which is expected to be correlated
with unobserved heterogeneity. As our approach controls both for unobserved heterogeneity and

endogeneity of output, our estimates are not affected by these sources of bias.

Table 8: Distribution of firms’ returns to scale and rate of technological change

QL0 Q25 Q50 Q75 Q90
dlnc/dlny 058 093 1.04 1.13 1.29
dlne/0t  —057 -0.03 -0.02 0.01 0.12

Note: Q10 to Q90 report the 10", to the 90" percentile
of the respective distribution.

The RTC represents a deterministic technological change, because the time trend ¢ is not
random. The results show a negative RTC for about 60% of the estimates. The estimates
corresponding to the lower and higher quantiles are quite large.

One of the main conclusions of the Cournot model with heterogeneity is that there is an
ordering of unobserved heterogeneity and firm size. We investigate this relationship further and
report statistics by firm size. Table 9 completes the information given in Tables 8 and reports
the quartiles of RTS and RTC by firm size. The median value of RTS is globally diminishing
with firm size by about 7%. The share of firms with increasing RTS is smaller among small firms
than for bigger firms.

Regarding deterministic technological change, the estimated median value of 0 In ¢/0t is stable
with firm size. RTC is important for very small firms, representing a cost reduction of about 1%
to 2% a year, ceteris paribus, for firms with 1 to 49 employees. This rate goes to zero for big
firms.

The median value of the estimated average cost is slightly decreasing with firm size. For
the largest firms, however, the average cost is about 25% higher that the overall median value.
This is partly due to higher fixed cost for these firms, but also because of costs related to the
production of products with higher quality. Our CV model is indeed compatible with product
differentiation (see P7).
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Table 9: Median RTS and RTC statistics by firm size

cly RTS RTC
Firmsize Q25 Q30 Q75 Q25 Q50 Q75 Q25 Q50 Q75
1 90.25 99.92 412.04 0.89 1.07 122 -0.20 -0.01 0.16
2-4 92,50 101.73 350.28 0.90 1.04 1.14 -0.20 -0.02 0.04
5-9 91.23 100.31 22841 093 1.04 1.12 -0.10 -0.02 0.01
10-19 89.71 99.35 161.53 0.95 1.05 1.12 -0.06 -0.01 0.01
20-49 90.19 99.54 156.73 0.96 1.05 1.12 -0.05 -0.02 0.00
50-99 79.46 92.66 111.37 0.95 1.04 111 -0.03 -0.01 0.02

100-199 76.81 89.29 107.25 0.93 1.03 1.11 -0.03 -0.01 0.01
200-499 72.06 88.20 11292 091 103 111 -0.03 -0.00 0.02
500+ 73.73 124.63 551.10 0.84 1.00 1.09 -0.03 -0.00 0.02
Total 89.69 99.67 185.37 0.93 1.05 1.13 -0.08 -0.02 0.02

Notes: Firm sizes are measured by the number of employees. Q25, Q50, and
Q75, respectively, denote the lower quartile, the median, the upper quartile of
the estimated statistics.

9.3 Markups

In the model with conjectural variations presented in Section 5, firm-level markups are estimated
according to equation (33), given by

~ P ~ At

Hont = 9e)oy (1 + ¢nt5nt€> )
where (Em is estimated along with other parameters from the cost function, s,; denotes firms’
sales share measured at the 4-digit industry level, and € is obtained from the demand estimation,
given by —1.72 (see Table 4). Table 10 presents the distribution of markups across firm size
groups, measured by the number of employees. Markups are centered around one and increase
with firm size. For the smallest size group, the 95
substantially to 2.14 for firms with more than 500 employees. Overall, the 25, 50*, 75" and
90" percentiles of the markup distribution are 0.99, 1.00, 1.02, and 1.05, respectively, suggesting

percentile markup is 1.09, whereas it rises

a relatively narrow distribution. To investigate the welfare costs of markups, Edmond et al.
(2023) develop a dynamic model with heterogeneous firms and endogenous markups. When
calibrated to US data, the model generates different markup distributions depending on the
targeted aggregate markup. For a targeted aggregate markup of 1.05 (which is close to our
results, see Appendix 11) the 25 50", 75" and 90" percentiles of the markup distribution
are 1.04, 1.05, 1.06, and 1.07, respectively. This suggests that US markups are higher than those

estimated based on our sample but not necessarily more dispersed.
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Table 10: Distribution of markups across firm size groups

Size Q25 Q50 Q75 Q90 Q95
1 0.99 1.00 1.02 1.03 1.09
24 0.99 1.00 1.02 1.04 1.09
5-9 0.99 1.00 1.02 1.04 1.10

10-19 0.99 1.00 1.02 1.04 1.11
20-49 0.99 1.00 1.02 1.06 1.15
50-99 1.00 1.00 1.03 1.10 1.21
100-199 1.00 1.01 1.04 1.14 121
200499 0.99 1.03 1.08 1.21 1.25
500+ 0.98 1.07 1.21 150 2.14
Total 0.99 1.00 1.02 1.056 1.17

9.4 Conjectural variations versus Cournot and Bertrand competition

The estimates of the conjectural variation parameters (see equation (32)) indicate that they are
quite heterogeneous over each of the 19 subsamples considered for estimation. Table 11 reports
estimates for ¢g very close to zero, and not in line with the assumption of constant conjectural
elasticity. The negative median value for the estimates of ¢y means that market size tends
to increase the conjectural variation elasticity ¢n¢sn: in 12 out of 19 cases. The market share
has a positive influence on the conjectural variation elasticity. The median value of 0.57 for $S
is positive but smaller than 1 (corresponding to Cournot competition). A Fisher test rejects
the hypothesis of Cournot competition at the 5% threshold in 17 out of 19 cases. Perfect (or
Bertrand) competition is characterized by ¢g = ¢y = ¢s = 0 and is rejected in 14 cases. This
strong rejections is somewhat surprising because, for most observations, the market share is
virtually zero. Only for the 10% biggest firms have a conjectural variation elasticity above 4%

according to Table 11.

Table 11: Estimates of the conjectural variation parameters

Q10 Q25 Q50 Q75 Q90

oo ~0.03 0.00 0.00 0.02 0.06
oy -383.5 554 7.0 7.1 413
b 0.08 040 057 095 1.61

Ontsne —0.01 -0.01 —-0.00 0.01 0.04

Note: Q10 to Q90 report the 10", to the 90" per-
centile of the respective distribution of the conjec-
tural variation parameters over 19 estimates. The
last row reports quantiles of the conjectural varia-
tion elasticities over all firms.

10 Welfare implications of market power

In this section we simulate the different policies implied by SROW and LROW. That is, using
the estimated parameter values, we now investigate the welfare implications of market power and
related technological inefficiencies outlined in Section 4. While the NLS estimates provide decent

fit between predicted and observed level of production for most industries (see Online Appendix
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D, Table D1), we simulate the policies only for firms belonging to the six 2-digit industries with
the highest fit, in order to reduce computation time and increase prediction accuracy: these are
industries 11, 15, 16, 23, 27, and 31.2°® On average, the corresponding 4-digit industries have a
mean number of firms of 344, which is close to the mean reported in Table 2. We consider in
this section that the conjectural variation parameter is ¢, = 1, both for simplicity and because
the social planer can enforce Cournot conjectural variations. All welfare and concentration
conclusions are conditional on the homogeneous-good Cournot structure.

Before exploring the outcome of simulated reallocation(s) of production, we have to investi-
gate whether assumption A6 of a decreasing and convex relationship between v/ and ~, required
for P3, P5, and P6, is empirically supported. Figure 6 reports the estimated values of the pa-
rameters for the firms belonging to the 6 selected industries at the year 2015. The orientation
of the plots confirms that the estimates are broadly compatible with A6. This evidence gives

further support for the statement of the propositions.
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Figure 6: Estimates of unobserved fixed and variable cost efficiency, 4/ and ~?, for selected
industries of the year 2015

28Gee Table 1 for names of the industries as well as Online Appendix D for more details on the simulation
procedure.
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We now turn to the simulations. First, we use the parameters’ estimates and compute the
LRCE, characterized by (22) and (23). The fixed point of the market is numerically characterized
in the second row of Table 12. Given that our CV-model fits the data well, it is not surprising that
the results of the Long Run Cournot Equilibrium (LRCE) is quite far from the observed data.
However, it is surprising that setting the CV parameters to 1, allows to increase the equilibrium
quantities substantially by 3.8%, and to lower the price by 4.7%. With a homogeneous product
as reference, we interpret this finding as a consequence of firms CV parameters leading them to
coordinate on a poor CV-equilibrium. At LRCE the number of firms is smaller, concentration
higher.

Second, we simulate the SROW policy, whose results are reported in the third row of Table 12.
Here, the simulation consists in setting the market power of all firms to zero, which redistributes
individual outputs over firms in order to resolve the inefficiency due to market power. This new
and regulated optimum is described in Section 4.1, whose properties are given by P4 and P5. At
SROW all firms producing at the LRCE are still active (some firms produce zero output, though),
so there is still a technological inefficiency due to too many active but inefficient firms. According
to P4, a competitive output reallocation would improve welfare, increase total output, reduce
the price, and, under the assumptions of P4, increase the concentration of output over firms. We
simulate the SROW separately at the level of all 4-digit industries within each of the selected six
2-digit industries and find only little empirical support for welfare-reducing market power effects
in the short-run. The results reported in the SROW row of Table 12 show that a substantial
improvement in welfare when comparing “SROW?” to the initial situation (row “Data”). However,
when comparing SROW and LRCE there is almost not difference in Y, P and W.

Given the predictions of P4, we initially expected to find output being reallocated from
smaller to larger firms (with lower marginal costs). However, the results reported in Table 12
show that industry concentration slightly declines. This is not in contradiction with P4, because
the proposition holds when input prices are the same for all firms. In the data, however, average
wages tend to be higher in bigger firms, which reduces their profit as well as the welfare gains
of allocating supplementary production to those bigger firms. Our main conclusion is that the
detrimental welfare effect of imperfect competition is small: if all firms with market power set
the price equal to their marginal cost, aggregate production would hardly rise, the aggregate
price would only slightly decrease, and the welfare gains are given by only 1.4%.

Comparisons with other models that quantified the effect of markups on welfare and efficiency
should be made with caution as our model uses a fully micro-based approach in the sense that
all functional forms and parameters employed in the simulation are empirically estimated. In
contrast, Baqaee and Farhi (2020) and Edmond et al. (2023), who find larger effects of markups
on aggregate productivity and welfare, employ calibrated models featuring both oligopolistic
and monopolistic competition. Edmond et al. (2023) show that markup dispersion is a key
determinant of these effects. For an aggregate markup of 1.05 — roughly in line with our empirical
estimates (Appendix 11) — they find that eliminating markups increases welfare by only 1.34%.
Since both the level of markups and their dispersion (see Table 10) are very small in our setting,

we likewise find only negligible welfare effects.
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Table 12: Welfare and output distribution at LRCE, SROW and LROW

Y P w c/y fly 7r N HH Cs Cho
Data 238.6  98.69 149.1 97.37 1.58 94.15 11.6 494 76.1
LRCE 258.0 97.52 168.6 97.06 0.80 0.52 56.85 15.0 554 829
SROW 2574 9749 1709 118.67 24.58 -12.83 64.85 12,5 50.7 78.2

LROW Q75 267.1 92.88 235.8 86.84 0.00 4.16 81.08
LROW Q90 269.9 91.76 259.8 82.78 0.00 797 28.33
LROW Q99 2714 91.05 273.3 77.07 0.00 13.27 13.17

Notes. The table reports median values over all 4-digit industries included in the 6 selected
2-digit industries (to reduce randomness, these median values are averaged over the period
2007-2019). The raw values of the variables Y, P, and W, are aggregated at the 2-digit
industry level (for each of the 6 industries). The estimates of ¢/y (average cost), f/y (average
fixed cost), and 7 are computed for each firm. The statistics N, HH, CR3 and CRio are
computed at the 4-digit aggregation level. N corresponds to the number of active firms.
The Hirschman-Herfindahl index and two concentration ratios (resp. for 3 and 10 firms) are
denoted by HH,C3 and C1g). At LROW the concentration indices are not computed as they
are equal, respectively, to 1/N,3/N, and 10/N.

Figure 7 sheds further light on the narrow price and output gap between LRCE and SROW.
It represents the median value of relative wages (blue dots) over all firms within a given size bin,

together with the median value of the variable cost heterogeneity 77 (red dots).
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Figure 7: Median values and interquartile range of relative wages and 7, by firm size

This figure helps us to understand why the Cournot equilibrium is empirically very close to
the SROW. For constant wages, slight differences in the v¥ parameter yield substantial differences
in marginal cost, market power, and welfare. Figure 7 provides empirical evidence for the fact
that bigger firms have (in the median) a substantially lower value of the v¥ parameter, and pay
higher wages than smaller firms. This increases the marginal cost of these firms, and reduces
the negative welfare effect of market power. More precisely, compared to a median firm with
a relative wage given by 1, those firms with 100-199, 200-499, and 500+ employees, exhibit
a higher median value of wages of 21%, 31%, and 50%, respectively, and a lower value of the
median variable cost parameter 77 of 17%, 26%, and 55%, respectively.

The last three rows of Table 12 describe LROW simulations which consist in removing firms’
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market power and replicating for the firm closest to the 0.75 quantile of the profit rate distribution
(and similarly for the 0.90 and 0.99 profit quantile). This procedure is inspired by P6(v), and the
fact that total profit is a good indicator of technological efficiency. More specifically, for each 4-
digit industry belonging to a given 2-digit industry, we identify the firm closest to the 75% (90%,
99%) quantile of the profit rate distribution, which will be replicated. This induces reallocation
among firms and adjustments in aggregate price and output (just as described microeconomic
textbooks). The iterative replication process stops when the profit is close to zero in one of the
4-digit industries. For realism, we impose the constraint that the weight of each 4-digit industry
in the aggregate 2-digit industry is constant (which limits the welfare gain and explains why the
profit rate is not close to zero in most 4 digit industries at LROW).

Our replication exercise shows that the price and the average cost of production decrease
moderately when we select and replicate more efficient firms and go from the 0.75 to the 0.99
quantile: the price decreases by 2% aggregate production increases by 1.6%. At the same time
welfare increases by 15.9%. The average number of active firms in the LROW is close to 81
for the row Q75, and decreases to 28 and 13 when a more efficient firm is replicated. This is a
consequence of the fact that more efficient firms are larger on average.

The finding of increasing welfare by the elimination of inefficient firms and the reallocation of
their output to more efficient firms was already documented by Lahiri and Ono (1988) and more
recently by Cowan (2024), however, under some restrictive assumptions (constant marginal cost,
no fixed cost). As a useful feature, our model allows us to investigate the implications of fixed
costs, which are not considered in these studies. We find that fixed cost allows to better account
for the observed joint heterogeneity in output level, profit rate, marginal cost and markup. In
the long-run the median value of the fixed cost is zero for the replicated firms showing that there

also exist efficient technologies with no fixed cost.

11 Conclusion

This paper investigates Cournot competition with heterogeneous firms, and highlights the reg-
ularities emerging in this context between firm size, market shares, marginal cost, and market
power. For given input prices, a useful theoretical result allows us to infer the ordering of firms’
unobserved cost efficiency from the (observed) ordering of firms’ sizes. A further result general-
izes Mankiw and Whinston (1986)’s theorem about excess entry at Cournot equilibrium to the
case of heterogeneous firms. Once firms’ heterogeneity is considered in the analysis, excess entry
concerns small and inefficient firms which do not contribute to reducing the market share and
market power of bigger and efficient firms.

While larger firm size is a good indicator of cost efficiency, it is at the same time an indi-
cator of welfare inefficiency due to market power. The question of how to best deal with this
contradiction from a welfare perspective is an empirical question and should, as we propose, be
tackled using both estimations and simulations. Using administrative French firm-level data, the
estimation results confirm that unobserved cost heterogeneity is substantial and affects both the
fixed and the variable costs. A main finding presented in the paper is the negative correlation
between fixed and variable cost heterogeneity. This is a crucial result as it implies that estimates

of cost efficiency, variable and marginal costs, and markups are biased if fixed costs are not taken
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into account. A second result, obtained by using simulations, contrasts to some extent with the
existing literature on misallocation due to market power. Our simulation results show that re-
moving market power has a negligible impact on aggregate production and price, and triggers
little output reallocation from bigger to smaller firms. The third result of our contribution is pro-
vided by the simulation which consists in replicating technologically efficient firms and removing
inefficient firms from the market. The effect on output price and welfare is achieved through the
reduction of the average cost of production, which turned out to be empirically important. Our
simulation study highlights that by efficient reallocation of production, substantial price reduc-
tion and increase in total production quantities can be achieved. Interestingly, the replication of
the most efficient firms, which leads to higher wages, does not hamper the average and marginal
costs to decrease, due to higher efficiency gains. The policy implication that we draw from this
simulation result is that in France cost-reducing innovations and technological progress are more
likely to improve welfare than policies that only focus on the to reduce market power (such as a

tightening of the antitrust framework). An in-depth policy analysis is left for future research.
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Appendix A: Proof of the propositions

Proof of Proposition 1

P1(i) and P1(ii). By Al it follows that e (P,Y) = P’ (Y)Y/P (Y) < 0. By A2, at equilibrium
P(Y)+ P (Y)y) > 0hence P(Y) (14 €(P,Y)yy/Y) > 0. Summing these inequalities over
N gives P1(i). The inequality also implies that individual market shares are bounded above:
yNJY < —1/e(P,Y).

P1(iii). From the first-order condition dc,, /0y = P(Y)(1 + ¢ (P,Y)yY /Y) it turns out that
at Cournot equilibrium

Jdc; oc;
y >y e afyl (wi,y") < ({Ty] (wi,yy) -

Claim P1(7v) directly follows from P1(7i) and the definition of the price markup P/(d¢,/0y).
Claim P1(v) corresponds to Okumura (2015, Lemma 1). O

Proof of Proposition 2

Input prices could be heterogeneous over firms, but without affecting the result, so we use
notation w instead of w;,. The Cournot equilibrium is characterized by N individual production
levels yY (w, {7,1{}2;1) and YN (w, {fy;;}g:l) such that the first- and second-order optimality

conditions are satisfied. We find it convenient to omit the arguments (fw, {’yﬁ}fj:l> of YV and y

in the equations below. At Cournot equilibrium, individual and aggregate output levels satisfy:

PYN)+P YY)y = Vng(w,yzN)
N
YN o=
n=1

Differentiating the first-order optimality condition with respect to «; for two different firms, ¢

and n, gives

oy N ayN 9 Ov? ayN

(PN P (V) ) o+ PN e = o () el ()
! (v N 1 (N NaYN / Nayfzv _ vaiUQ Nayrjzv
(P () P (V) ul) G+ PO G = g ()

Let us define

N _ | pr (vN U8U2 N -
a, = P (Y )_’Ynaiyz(wayn) )

which is negative by A3(7i), and write

oyN v oy N
- agV.<ay (w.y) — (P (YN) 1 P (vV) ) aﬁ)
33/711\[ _  __N /! (v N i (vyNY , N YN
gy = (PTYM)+ P (YY) ) o
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If we sum all partial effects 9y} / 077 over all n =1 to N this gives

ovy . N ' (v N PSS N) G NOv N
N N
(9Y G,Z- (911 (w’le) .

7 1+ YN (PI(YN)+ P (YN yN)ad Dy

Then A1 guarantees that dv/dy (w, le ) >0, by A3 a%v < 0, and A4 implies that the denominator

is positive, so

Replacing this term in the individual output supply reaction, shows that for n # 4,

On g

oy —
so that necessarily

W

oy —

We also see that a marginal change in the fixed cost parameter ’ylf , holding the parameter ~;
constant, has no effect on the Nash equilibrium. These inequalities prove claims (i) to (iv). Claim

P2(v) follows from the definition of the profit function

m (w i) = PON) ¥ (w i) = o] F ) = vfo (ol (w {aihl )

which is impacted by a change in 'ylf and ;" as follow
TrlN v\ N
o7 (0 inl) = —fw) <o
i
N N
T (w ) = PO e P (V)N O g 2O
oy
Ny, NY1—

where the last simplification is obtained by using firm’s ¢ first-order condition for optimality.

Similarly:

N

771N v N ol (UN NOYZ;
37;,)(1”’{%‘}]-:1) = PPy 07 2 0.

Proof of Proposition 3

P3(i). As input prices are identical for both firms we skip w from most of our notations and

write for instance v; instead of vy (w). When the cost functions are quadratic, marginal costs
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are linear, and for le < y]N at Nash equilibrium we also have

dc; oc:
é(w,yfv) >£(w,yN) (63)

& 7 (n +v2yzN) > 75 - (0 +v2y§V) :

By convexity, vo > 0, we use the fact that v/ > (),’y;-’ > 0 and y]N > le , to conclude that this
inequality is equivalent to ;" > ~7.
P3(7i). We use the fact that for two numbers a > 0 and b such that a + b > 0, we also have
a+b/2 > 0. We identify

a = (fyf — fy;’) v1
va - (Vi —uy)

S
I

The term a is nonnegative by P3(i) and by A2 which implies that v; > 0. The condition a+b > 0
corresponds to (63). The implied inequality a + b/2 > 0 yields claim P3(i7).
P3(iii). For oY > 7j, and same technological shock 7, relationship A6 implies that 'yif < ’y]f and

fi (w) < fj (w). And conversely.
f

)

f 1/2 f 1/2
v 24/ f 2v; f
R < | = .
Y; 75 Vi U2 ;U2

Conversely, under A6, the function ’ij / (e(%f + n) is increasing in 7{ . So, the inequality

P3(iv). From ~} > 7j > 0 and A6 with n; = n; we have 7; < 'yjf and so

f
W
vy

implies ’yif < ’yjf and A6 implies that 77 < ;. The claim then follows by P3(i).

U
Proof of Proposition 4
P4(7). At the LRCE characterized by (3), it turns out that for any active firm,
C 6Cn
P(Y—n + yn) - @(wnvyn) > 0. (64)

By A1l and A3(iz) this function is decreasing in ¥y, at the LRCE for any active firm. At SROW,
for maximizing W, the social planner chooses {ym}%zl in order to satisfy P (Z%Zl ym) -

dcn)Oyn (W, yn) = 0 for any active firm, which requires that M 45 > M 0 Fayiva-
lently, by Al, we have P (YS) <P (Yc).

P4(ii). By definition, W* maximizes welfare by choosing the optimal level of production over
all firms active at the LRCE, hence W* > W, It follows directly from P4(i) and profit maxi-
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mization, that:

0 =Py —¢, (wmyg) < P(Y)yS — ¢, (wn,yg) < P(Y)S —¢, (wn,yg) =Y.

P4(iii)-P4(v). At the aggregate production level Y > Y the firms’ production plans have to

satisfy:
ocm

OYm

Ocy,
(W, vS) = émn,ys) — P (YY), (65)

for active firms. At the LRCE, firms’ marginal costs are related by:

g;:(wn,yf) = P'(YY) (45 — ¥pm) + g;:(wm Ui+

so that bigger firms have lower marginal cost at the LRCE (just as in P1). This equation also
shows how each firm n has to adjust y¢' in order to achieve v satisfying (65). Let us order firms
from lower to higher marginal cost, and define “bigger firms* as those having at the LRCE a
marginal cost lower than P (YS ) , and “smaller firms" the other group with dc,,/0yn, (Wn, yn) >
P (Y9).

Starting from the LRCE, the social planer requires that:

e bigger firms produce more output: y;? > yg . Bigger firms with lower but increasing
marginal costs increase their production up to the point where (65) is satisfied (A3 en-
sures that such a point exists). Bigger firms with decreasing marginal cost at y< cannot
have globally decreasing marginal cost by A3, so their production can be increased to met
(65).

e smaller firms with decreasing marginal cost produce more if this allows them to sufficiently

decrease their marginal cost and reach P (YS ) . If this is not possible, they are shut down.

e smaller firms with increasing marginal costs have to produce less and reduce their marginal

cost in order to satisfy (65). If this is not possible, they should stop their activity.

P4(wvi). In points P4(iii)—P4(v) we have identified either firms which should continue to produce
at SROW, or firms which should be shut down. So that N¢ > NS, [l

Proof of Proposition 5

We use the fact that the Hirschman-Herfindahl index of concentration H (Y, Zﬁle y%) is non-
increasing in NV and increasing when individual outputs are redistributed from smaller to bigger
firms. Under decreasing returns to scale, point P4(v) vanishes, and point P4(vi) can be sharpened
to N¥ < NY. Let us define k = Y°/Y® > 1, and starting from LRCE, let us scale all individual

output levels up to /iyg . This leaves the value of Hirschman-Herfindahl index unchanged as

N¢ ) N€ yc 2 N¢ /@yc 2 NC )
(v 08| =X (F) X (5%) = (Yo )
n=1

n=1 n=1 n=1

Individual firms have now seen their production arbitrarily scaled up by /@yg , so that aggregate

production is equal to Y°. However, in order to produce Y° optimally, such as characterized in
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P4, the social planner still has to redistribute the individual output levels ky$ while keeping the
aggregate level fixed at Y°. We will show that this is achieved by redistributing output from
smaller to bigger firms, which increases the value taken by H at SROW. We know that at the
LRCE

% Cc\ _ plyveCy (,C . C % c

and so yS > yC iff dc,, /Oy(w,yS) < Ocm/Oy(w,yS) as in P1. By A7, A8, and convexity, using
also P3(7), we have for any value of y
d0%c 0%c
0 < 5w, n) = vhva () < Fhva () = G50,
This inequality implies that marginal costs increase more strongly in small firms; so that if we

inflate all individual outputs by multiplication with x > 1 then,

9en
Ay

oc
(w, k) < 5w, W),
which means that bigger firms have still lower marginal costs at {Hyg }24:1 than smaller firms.

The social planner wants to implement the equality:

en

Ty = P(Y¥)

which she can achieve from individual production levels {/ﬁ;yg }ﬁ/[:p by increasing further the
output of the bigger firms (with lowest marginal cost), and decreasing the output of the smaller
firms characterized by

(90 C S

o (w ) > PYS),

This redistribution of constant aggregate output from small to bigger firms increases the value
of H achieved at SROW. O

Proof of Proposition 6

P6(7). Under the above assumptions, W is continuous, nondecreasing in -, and the set of values
taken by the welfare function over I'" is closed and bounded from below, and so for any given
level of y, W admits a maximum over I'. The maximum of W on I' is reached on I' C T.
The points on the technological frontier satisfy 4” = e(y/), a function which under A6 is strictly
convex. For any (w, y) function W has straight line isoquants in (y/,~?), and so reaches a unique
maximum in (y/,~%) on the technological set.

P6(7i). From P6(7) it follows that at the LROW point, the planner adopts the same technology
AL for all active firms, and so all firms produce the same quantity y = Y/N. Under this constraint,

the welfare function (24) becomes:

Ny
WEV) = [P (s)ds = NeE (). (66)
0
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with ¢! defined in (28). Differentiation wrt y and N then yield the first-order conditions for a
maximum, which states the zero profit condition, and the equality between price and average
cost. Together they imply that ¢’ (w,y")/y" = dc’/Oy(w,y*) = P(Y'*), and returns to scale
are constant locally. (If N is restricted to be an integer, then this condition is approximately
valid for small values of y in comparison to Y.)

P6(i11). Both optimization problems (26) and (25) have the same objective function, but there
are fewer constraints in (26), hence W% > W+,

P6(iv). If the inequality holds, then the Kuhn and Tucker complementary slackness condition
implies that v/ = 0.

P6(v). The claim follows because the first- and second-order conditions to both problems are
identical. |

Proof of Proposition 7

We compare the marginal revenue of the model with differentiated products:

}/ti

Pl(}/t) ynt)
PY,) Y /)

ant (P(Y2) + P'(Y)yat) = P(V2) (ant + ane

to the one in the CV model:

P(K)Y@)

P(Yy) + ¢t P (Y)yme = P<Yt)(1 OB

When a,,; and ¢,,; are not observed, then both marginal revenues are observationally equivalent.
For any value of a,; there is an associated value of ¢,,; that makes the values of both marginal

revenues identical (and conversely). ]

Appendix B: Aggregate markups

To investigate markups at the aggregate level, we proceed by the following. Remember that .,
denotes a firm n’s output. A firm n belongs to a 4-digit industry, indexed by j, i.e. n € j, which
belongs to a 2-digit industry, indexed by i, i.e. j C Z. A firm’s sales/market share at the 4-digit
level is given by s¥, = ynt/Ya jir, where Yy j;z = Znej ynt denotes the total output of a 4-digit
industry.?? The output share of a 4-digit industry within the 2-digit industry it belongs to is
given by Sfijit = Yajit/Yaut, With Yo = 3257 Va jir.

Aggregate markups at the 2-digit level are then computed by

ﬁg,it = Z Sz,jz't Z fint * Spy (67)

jcT ne;j

2Note that in the main text we denote a firm’s sales/market share within a 4-digit industry by s, and the
industry’s total output by Y:. To increase clarity, we here add some more subscribes.
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which are used to compute the aggregate markup across all 2-digit industries by
A=) S5 1 (68)
%

Edmond et al. (2023) argue that sales-weighted aggregation overstates the markup by including
a term that reflects the variance of the markups and, hence, misallocation, instead of the level
of markups as such. To compute aggregate markups based on a cost-weighted average, we
simply replace sz’m by sim = ¢nt/Cujit, where ¢y denotes a firm’s observed total costs and
Cujit = Done j Cnt- Aggregated cost-share weighted markups /7511; and uf are then computed
according to (67) and (68), respectively. Figure Bl shows the aggregate markups of the included
2-digit industries, where the sold and the dashed lines depict the 2-digit aggregate markup based
on sales-share and cost-share weighting. For all industries, the sales- and cost-share weighting
yield very similar results. Most industries reveal an aggregate markup close to one, which
is similar to Klette (1999), who estimates 2-digit industry-level (average) markups, based on
Norwegian manufacturing establishments for the period 1980-1990. However, our results also
reveal that some industries’ aggregate markups lie significantly above one (as shown for the
industries 15-leather/related products, 20-chemicals/chemical products, 23-other non-metallic
mineral products, 24-basic metals, and 29-motor vehicles/(semi-) trailers) or below one (22-
rubber /plastic products, and 30-other transport equipment).

Finally, B2 illustrates the aggregate markup across all firms and industries. Based on our
model, the aggregate markup of the overall French manufacturing industry remains relatively
stable between 1994 and 2019, with an increase from around 1 at the beginning of the period
to about 1.1 in 2001, which falls afterwards to one again. From 2009 on there is more variation
in the aggregate markup, which increases between 2010 and 2015 up to up to 1.07 (and almost
1.2 according to cost-share weighting) and falls thereafter again. De Monte (forthcoming) uses
very similar data for the period 1994-2016, but computes aggregate markups based on firm-
level markups that are estimated using the so-called production-approach (see Hall (1986), Hall
(1988), and De Loecker and Warzynski (2012)). The shown aggregate markups across all firms
and industries are somewhat higher and lie between 1.15 and 1.3, overall, however, the markups
keep relatively stable, too. Contrasting to these results, based on US firm-level data De Loecker
et al. (2020) document a drastic increase in the aggregate markups between 1980 and 2016, from
around 1.2 to 1.6. De Ridder et al. (2026) compare aggregate markups based on quantity and
revenue-based approaches, based on French manufacturing firm-level data for 2010-2019, which
is very similar to data. While the authors do not show aggregate markup in levels but only
measured as an index, their results show quite strong stability over time varying between 0.97

and 1 (where the markups are normalized to 1 in 2010), which our results suggest to confirm.
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Figure B1: Markup aggregation at the 2-digit level. The solid and dashed lines represent the
sales-share and cost-share weighted averages, respectively. 2-digit industries: 11-beverages, 13-
textiles, 14-wearing apparel, 15-leather/related products, 16-wood/products of wood and cork,
17-paper/paper products, 18-printing/reproduction of recorded media, 20-chemicals/chemical
products, 21-pharmaceutical products/preparations, 22-rubber/plastic products, 23-other non-
metallic mineral products, 24-basic metals, 25-fabricated metal products, 26-computer, elec-
tronic, and optical products, 27-electrical equipment, 28-machinery and equipment, 29-motor
vehicles/(semi-) trailers, 30-other transport equipment, 31-furniture.
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