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What are the causes and consequences of changes in market power and business dynamism in the
U.S. economy? We answer these questions in a general equilibrium economy with firm heterogeneity,
oligopolistic output markets and endogenous entry. We study three potential causes: technology via
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competition via (iii) the number of potential competitors. We show that in conjunction with time-series
on markups and costs, data on business dynamism disentangles these channels. We then estimate that
all three channels are necessary to explain these data between 1980 and 2023. Estimated changes in
technology and market structure yield positive welfare effects from reallocation and selection of firms,
but, quantitatively, these are offset by negative effects from increased market power and overhead. The
net effect is a 5% decline in welfare. The changes we identify replicate patterns in declining business
dynamism, declining wages and labor force participation, and sales reallocation toward larger, more
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1 Introduction

There is an ongoing debate about the state of competition in the U.S. economy over the last four decades,
and the potential implications of increased market power. A wide range of measures, including price-
cost margins, profitability and asset prices, suggest a change in market power. Over the same period, a
number of significant secular trends have been documented. Real wages have stagnated and have not kept
pace with productivity growth, the labor share has declined and so has labor force participation. Business
dynamism, measured by the rate of labor reallocation across firms, or firm entry and exit, has decreased.
In this paper, we ask whether these important trends are linked to changes in market power in the product
market. To answer this question, we use trends in labor market dynamism and the cost structure of firms
to disentangle different causes behind the increase in market power, and then assess the consequences of
these changes for welfare, employment and output.!

To achieve this, we introduce a quantitative framework designed to account for both the causes and
consequences of market power while taking stock of key facts in the micro data. We develop a general equi-
librium model of oligopolistic output markets populated with heterogeneous producers facing competitive
input markets. Producers are subject to fixed costs when operating, such that market structure—the num-
ber and identity of competing firms—is endogenous. We quantify the model on data from 1980 to 2023,
estimating primitives annually. We show that data on markups, the share of overhead in firms’ total costs,
and business dynamism jointly identify changes in technology as well as market structure. We find that
changes in technology and market structure are jointly responsible for increasing market power. We then
use counterfactuals to evaluate welfare implications, which, a priori, are ambiguous depending on the
source of the increase in markups.

Our framework distinguishes two structural channels as sources of market power. The first channel is
technological change. In particular, we think of two determinants: the implicit cost of entry, and the latent
productivity distribution across firms in a given market. Higher entry costs shield incumbents from com-
petition, increasing market power. At the same time, increasing productivity of the highest productivity
firms in the economy also increases market power. Whether either leads to a large improvement in welfare
depends on whether the efficiency gains via higher productivity survive as the firm grows, grabs market
share, and is better able to extract rents. Hence, incomplete passthrough from costs to prices is central to
our model.

The second channel is a change in the market structure itself. If there are fewer competitors, market
power of firms increases. Under oligopoly, firms set higher markups, leading to deadweight loss, lower
labor demand and lower output. A change in the effective number of firms can come about from a variety
of processes, such as the consolidation of ownership, exit as a consequence of technological change (further

magnifying the first channel), or a reduction in entry through entry barriers. A key ingredient of our model

IThe decline in business dynamism over the last four decades is large. Other work considers several related and complemen-
tary explanations based on overhead costs (De Ridder, 2024; Aghion et al., 2023), knowledge diffusion (Akcigit and Ates, 2021;
Olmstead-Rumsey, 2019) and changing demographics (Hopenhayn et al., 2022; Peters and Walsh, 2021; Karahan et al., 2024). Hy-
att and Spletzer (2013) show that the demographic changes for which they have data can account for about one quarter to one
third of the decline in business dynamism.



is the free entry of potential entrants into the market, so that the number of competitors is determined as
an equilibrium outcome. Hence, these processes interact with the technology channel, turning market
structure into an endogenous object as described by the work of Sutton (2001).

We show that understanding which of these three changes has caused the increase in market power in
the U.S. economy is necessary for assessing its welfare consequences. Welfare increases if higher margins
reflect increasing market power due to increased dispersion in productivity. Welfare decreases if higher
margins reflect deadweight losses associated with changes in market structure. And welfare effects are
relatively flat if higher margins reflect increasing fixed costs: tougher entry requirements improve the
selection of firms, but more of the economy’s productive resources are tied up in overhead. A key insight
of this paper is to show that, when filtered through our model, additional data on two other significant
trends in the economy over the past four decades can be used in conjunction with increasing markups to
discipline these narratives: the declining employment reallocation rate (i.e. reduced business dynamism),
and changes in the cost structure of firms. Matching time-series data on these two moments as well as
markups allows us to isolate these different causes.

Our main contribution comes from identifying and quantifying these changes between 1980 and 2023
and their effects on welfare. First, we establish that when combined with time-series data on increasing
markups and higher fixed cost shares, declining business dynamism can identify changes in primitives
reflecting both technology and market structure. We find that fixed costs have increased, as has the dis-
persion of productivity, while competition has weakened. Second, we find that the decline in welfare
associated with these changes is 5 percent (with a 6 percent decline in output). Third, between 1980 and
2023, we find that substantial output gains of +15.5% occur due to reallocation toward more productive
firms, but these are more than offset by more labor being tied up in fixed costs and increasing deadweight
loss from markups. Due to technological change, top firms are substantially more productive, but they
do not pass on their efficiency gains to customers. Fourth, we use the general equilibrium structure of
the economy to provide an accounting of how our identified changes in primitive parameters shape five
welfare-relevant aggregate ‘wedges”: productivity, selection, overhead, markups, misallocation. Overhead,
selection and markup wedges dominate in shaping output, employment and welfare. Fifth, we study
how primitive changes in market structure and technology determine these wedges. We find that jointly
understanding changes in market structure and technology is key for understanding mechanisms and the
welfare implications. Underlying the decline in business dynamism documented by Decker, Haltiwanger,
Jarmin, and Miranda (2020) are offsetting forces: changes in technology increase dynamism, but this is
more than offset by changes in competition that cause it to fall. Underlying the increase in markups are
complementary forces: both higher fixed costs and fewer potential firms dampen competition.

Our analysis is robust to estimating the model under alternative specifications. We allow for time-
varying preferences by performing the estimation on two subsamples and find evidence of a decline in
the elasticity of substitution within markets, hinting at yet another source of rising markups; however
the impact is small. We consider Bertrand competition instead of our baseline Cournot, and find that

the estimated parameters are broadly similar, despite a slightly worse fit due to reduced dispersion in



markups under Bertrand. Finally, we target a cost-weighted markup instead of the sales weighted markup
with similar results. Our results are robust to how we measure market power.

Our main exercise contains two additional contributions: one methodological, and the other quanti-
tative. First, our methodology backs out the underlying market structure of the economy by solving a
general equilibrium model with micro-level detail, without supposing a particular market definition ex
ante (e.g. firms compete within a NAICS 3- or 4-digit industry). Given preferences and assumptions on
firm conduct, we recover the effective number of potential competitors by matching the model predictions
to data moments without using information on the number of competitors or market shares. The advan-
tage of this approach is that we do not have to take a stance on what constitutes a market, how such a
definition changes over time, and which firms engage in strategic interaction. This is beneficial for three
reasons: (i) defining a market is particularly challenging in a macroeconomic setting like ours, covering all
industries over a long period of time, let alone for a single industry consisting of differentiated products,
(ii) recent work has debated the merits of concentration ratios that are computed using industry classifi-
cations that do not line up with actual product markets,? (iii) in an aggregate economy like ours, changes
over time mechanically affect concentration ratios through changes in population and the development of
new industries. In response to these issues, our approach does not rely on measures that require a market
definition such as industry concentration, or market shares. Rather, the market structure and the extent of
the market can be thought of as a residual, solved for indirectly by taking the model to the data and fitting
the moments we select.?

Second, our quantitative micro-to-macro model of firm behavior accounts for important non-targeted
secular trends in the macroeconomy. A minimal set of parameters maps the model to a rich variety of
aggregate outcomes in the data. In particular, we fit our model only to an increase in markups, declining
employment reallocation and changes in costs. However, in the process, the model matches a large number
of non-targeted moments. First, in the aggregate time-series, the model simultaneously quantifies the
decline in aggregate wages, labor share, firm entry, and the secular shift in job creation and destruction
toward incumbents. Second, in the cross-sectional time-series, the model matches a decomposition of
the increase in markups into within- and between-firm components, capturing the reallocation of sales
to high-productivity, high-markup firms. This sets a useful quantitative benchmark for future work on
market power and the macroeconomy.

In summary, this paper proposes a steady-state general equilibrium model, estimated every year, to un-
pack the forces behind the evolution of markups and business dynamism in the United States during the
last four decades. The main novelty is to allow for a rich market structure with oligopolistic competition
and an endogenous number of competitors due to free entry of firms, as well as a flexible production tech-
nology with time-varying returns to scale in production and scale economies, through output elasticities

and entry costs, respectively. The unique contribution of the paper is to analyze the rich market structure

2In an open macroeconomy, measuring market shares becomes increasingly complex as imported varieties need to be ac-
commodated (see Amiti and Heise, 2025). Even within a country, additional issues arise for tradeables versus nontradeables in
defining geographic markets (e.g. Rossi-Hansberg et al., 2021).

3For excellent discussions of the issues covered in this paragraph, see Syverson (2019), Berry et al. (2019), Benkard et al. (2026).
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features of Industrial Organization (IO) models in a general equilibrium setting with endogenous wages
and aggregate prices. This general equilibrium setting allows us to analyze welfare, which is impossible to
do in a partial equilibrium setting with given wages and aggregate prices, where only consumer surplus
can be evaluated. We use the model as a measurement device to uncover the changes in the underlying

primitives that can fit observable trends in the data and then study their welfare implications.

Related literature. Our paper builds on a large literature on market power in the macroeconomy. Our
market-level model of endogenous, variable markups builds on Atkeson and Burstein (2008) and is aug-
mented with an entry stage in the style of Berry (1992). As in Jaimovich and Floetotto (2008), endogenous
market structure (which we define as the number of competitors) is one determinant of markups; with our
addition of firm heterogeneity the distribution of firm productivities also matters. Because firms compete
in small markets, the distribution from which productivities are drawn in conjunction with the endoge-
nous number of competitors has aggregate implications. In that sense, we build on studies of granular
economies and the aggregate implications of the distribution of firm productivities: Gabaix (2011), Grassi
(2017), Baqaee and Farhi (2019), Acemoglu, Carvalho, Ozdaglar, and Tahbaz-Salehi (2012), Carvalho and
Tahbaz-Salehi (2019), Carvalho and Grassi (2019), and Burstein, Carvalho, and Grassi (2025). A relatively
new literature finds that increases in market power help explain asset price behavior over recent decades
in the aggregate (Atkeson, Heathcote, and Perri, 2025) and cross-section (Boppart et al., 2026).

Our approach to measuring market structure combines several insights from the industrial organization
literature. First, Bresnahan (1982, 1989) and Berry, Levinsohn, and Pakes (1995) introduce the notion that
a model of market-level conduct paired with a demand system delivers markups and marginal costs in
equilibrium. Second, Berry and Reiss (2007) and Berry (1992) model entry decisions to recover fixed costs.
Third, De Loecker and Warzynski (2012) relies on cost minimization to measure markups using information
on technology parameters and data on revenue and variable input expenditures. We blend these three,
but depart in a few important ways. Instead of estimating fixed costs, we discipline the ratio of fixed
costs in revenue by moments in the data, in a model-consistent fashion. Instead of estimating demand
parameters for all product markets in the U.S. economy, we build on Atkeson and Burstein (2008) and
assume a macroeconomic model with many markets where heterogeneous firms compete strategically in
their own, small market. We then calibrate the preference parameters of the macroeconomic model, relying
on moments of markups.

Our paper is most closely related to Edmond, Midrigan, and Xu (2023), Baqaee and Farhi (2019) and
Akcigit and Ates (2021). Like Edmond, Midrigan, and Xu (2023), we model endogenous heterogeneity
in markups. Edmond, Midrigan, and Xu (2023) carefully characterizes, quantifies and decomposes coun-
terfactual transitions between an imperfectly competitive economy and an efficient benchmark. We seek
to identify changes in the economy over time using the structure of our model and data on employment
reallocation, markups and fixed costs. Baqaee and Farhi (2019) assesses the efficiency costs of markup het-
erogeneity in a model with exogenous markups but the additional complexity of sectoral network linkages.
Baqaee and Farhi (2019) first construct aggregate ‘wedges’ (e.g. markups and misallocation) by aggregating

microdata on markups and sales shares, and then compute the welfare gains from setting each wedge to



its efficient level. Their reduced-form approach treats the joint distribution of markups and sales shares
as a primitive. Our exercise is fundamentally different. We take a model with endogenous markups, fix
preference parameters, and then estimate time-series of primitive parameters required to match data on
markups, business dynamism and costs. Our structural approach treats parameters as primitives, and the
joint distribution of markups and sales shares as endogenous. Akcigit and Ates (2021) show that a Schum-
peterian growth model can link a number of stylized facts regarding the labor market and market power.*
Instead of an endogenous growth model, we propose a framework with many oligopolistic markets in a
large economy, with endogenous entry, and rich firm heterogeneity. Most importantly, our main focus is
a quantitative exercise that identifies the parameters of technological change and market structure. This
permits us to measure the welfare impact, as well as decompose its origins.?

A main caveat of our exercise is that we do not solve a fully dynamic model with oligopoly, hetero-
geneous firms and entry in general equilibrium.® This precludes the study of higher productivity being
the outcome of endogenous upfront investment, as proposed by Sutton (1991, 2001). This mechanism is
confirmed in case studies of the rollout of the distribution network of large companies: Walmart (Holmes,
2011), Amazon (Houde et al., 2023). Nonetheless, by allowing for fixed costs and endogenous entry, we
capture the notion of the overhead cost’s effects on competition and market power. We believe that such in-
vestments and endogenous entry play a key role in the current information age, where investment is often
in intangibles (see also De Ridder, 2024; Crouzet and Eberly, 2019). A growing body of work analyzes mar-
ket power in dynamic settings including Olmstead-Rumsey (2019); Cavenaile, Celik, Roldan-Blanco, and
Tian (2022); De Ridder (2024); Argente, Baslandze, Hanley, and Moreira (2025); Aghion, Harris, Howitt,
and Vickers (2001); Aghion, Bloom, Blundell, Griffith, and Howitt (2005), and Cavenaile et al. (2019) in par-
ticular, are related to our model. To the best of our knowledge, none of these papers estimates time-series
changes in parameters of the structural model.

In the standard firm-dynamics model, business dynamism on the intensive margin of employment real-
location could decline due to increases in adjustment costs. Our approach is closely related to the literature
on firm dynamics, pioneered by Jovanovic (1982) and Hopenhayn and Rogerson (1993). In these models
however, higher adjustment costs would lead to lower profits. We offer a complementary explanation,
sketched out contemporaneously by Decker, Haltiwanger, Jarmin, and Miranda (2020) and De Loecker
et al. (2020). Dynamism declines because passthrough declines in conjunction with higher profitability.

Increasing profits over time therefore provide support for the passthrough mechanism we emphasize.

Outline. The structure of the rest of this paper is as follows. In Section 2 we present and solve the model.

Section 3 characterizes firm-level markups, how they aggregate to impact macroeconomic outcomes, and

4In a model similar in Schumpeterian spirit, Aghion et al. (2023) show that market power leads to a decline in innovation.
Olmstead-Rumsey (2019) provides micro evidence from patent data and shows that market concentration can account for the
productivity slowdown.

50ne aspect that is absent from our analysis is the role of market power in the input market, i.e. monopsony or oligopsony. A
burgeoning empirical literature (Azar, Berry, and Marinescu, 2022a; Azar, Marinescu, and Steinbaum, 2022b; Hershbein, Macaluso,
and Yeh, 2020) highlights the effect of monopsony power on wages, both the level and the distribution. Berger, Herkenhoff, and
Mongey (2022) estimate a structural model of oligopsony which is used to decompose welfare.

6Even in the context of partial equilibrium models, this already proves challenging. For a fully dynamic game with variable
markups and firm-level productivity shocks, with only two firms, see Mongey (2021).
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establishes the comparative statics—of markups, business dynamism, cost shares, output, wages and
welfare—to changes in technology and market structure. Section 4 presents the quantification of the model
from 1980 to 2023. Section 5 validates the model against time-series of non-targeted moments such as firm
entry rates and the labor share. Section 6 uses the model to decompose the effects of estimated changes in
market structure and technology on productivity, output and welfare. In Section 7 we return to decompose
changes in empirical measures of markups and business dynamism. Section 8 shows robustness of our

main results. Section 9 concludes.

2 Model

We solve a parsimonious model of imperfect competition in a large economy. We will compare steady-
states of this economy under different parameters. For clarity, we refer to these different steady-states as
periods. When we go to the data, these periods will correspond to each year from 1980 to 2023. In the model
underlying each period, time is discrete and indexed by t. The parameters, defined below, that will vary

across periods are M, o, ¢, xcocs, and ak.

2.1 Setup

Environment. Time is discrete.” There are two classes of agents: households and firms. Households are
identical, consume goods, supply labor, accumulate and rent capital, and trade shares in a representative
portfolio that pays out the dividends of all firms in the economy. The measure of households is normalized
to one. Firms are organized in a continuum of markets indexed by j € [0,1]. Each market contains M
potential entrant firms. Of all potential entrants, M;; < M firms choose to enter the market and produce in
t. The entering firms are indexed by i € {1,..., th}.g Goods are differentiated along two dimensions, first

across markets j, then within markets i. A single firm produces a single good indexed by ;.

Households. As in Atkeson and Burstein (2008), the utility of consumption of the differentiated final
goods is a double Constant Elasticity of Substitution (CES) aggregator of consumption utility from goods
within markets and across the continuum of markets. The cross-market elasticity of demand is denoted
6 > 1. The within-sector elasticity of demand is denoted 7 > 1. These elasticities are ranked 7 > 0,
indicating that the household is more willing to substitute goods within a market (Pepsi vs. Coke vs. Dr.
Pepper) than across sectors (Soft drinks vs. Laundry detergent vs. Cars).

Households discount the future at rate B, have time-separable utility, and derive time-t utility from
consumption adjusted for the disutility of work. The household chooses sequences of consumption of

each good c;j;, and labor supply N; to maximize present discounted utility, where we treat the consumption

7For notational simplicity, we suppress the time subscript t whenever there is no ambiguity.

8The number of potential entrants M is the same in all sectors j. We have also considered a distribution of potential entrants
M(j) that is market-specific. This is in the spirit of Edmond et al. (2015) and Berger et al. (2022) who consider a stochastic number
of firms in each sector. The former assumes that the number of firms follows a geometric distribution, while the latter draws from
a combination of Pareto distributions. In those papers, there is no endogenous entry and hence no potential entrants.



index C as the numeraire and accordingly normalize the price index P to 1:
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These preferences U(C, N) are Greenwood-Hercowitz-Huffman (GHH), which remove wealth effects on
labor supply as a force in our comparative statics exercise. Utility from consumption of market j goods is
normalized by the size of the market M, in order to neutralize love-of-variety effects.” The household’s
expenditures are on goods at prices p;j;, shares S; in the portfolio of firms at price Q;, and t + 1 capital K; 1.
Income is from labor supply at wage W; and returns on shares due to their sale and dividends I1;, giving

the budget constraint:
1 Mt

/0 Y pijtcije dj + Kip1 + QiSi1 < WiNe + RiK 4 (1 — 0)K; + (Qt + Ht)st- )
i=1

Firms. Firms operate a gross output production technology with intermediate inputs x;;, capital k;;; and

labor i, and are heterogeneous in their productivity z;;;.
XCOGS 194
Yijt = Zijt (”ijt + xijt) (kijt) ;Y= acocs + ak. 3)

This production function is consistent with what we will be able to measure in the data: joint expenditure
on labor and intermediates, which imposes perfect substitutability between 7;;; and x;;;. This is common
practice in the production function estimation literature. Key here is that we allow for non-constant returns
to scale, v # 1. Production also requires ¢" units of overhead labor and ¢* units of overhead intermediates.

Given these inputs, firm profits are as follows, where braces indicate our mapping to the data:

XCoGs [49°¢
TUjt = PijtZit (”ijt + xijt) <kijt) —  Rikijs - [Wtﬂit + Ptxxit} - [WHP” +Pig| . (4
—— — ——
Salesjj; CapitalCostsij; COGS;j SGA;jt

Productivity z;;; of each of the M potential firms in market j evolve stochastically according to:

2
log zjji1 = plogzijt +e€ijy ,  €ijp ~ N (—;fﬂ)ﬂz> : )
Recall that across periods o will vary. The adjustment to the mean of €;j; ensures that the cross-sectional
mean of z;;; (in levels) across the entire economy is invariant to ¢ and equal to one in all periods. Even
though firms” optimal production decisions will turn out to be static, stochastic productivity generates firm
dynamics. For example, negative productivity shocks cause job destruction from incumbents shrinking or
exiting between ¢ and t + 1. This allows us to measure gross job flows—i.e. employment reallocation via

job creation and job destruction—which is a key input into our estimation exercise.

9For the purpose of our analysis, love-of-variety effects do not impact the distribution of allocations and market shares in
equilibrium. We have checked that we estimate the exact same time-series of parameters whether love of variety effects are
present or not. Love-of-variety effects do change the level of output and consumption. However, their proper analysis requires
taking a stand on (i) how the measure of industries has expanded over time, here we fix this to 1, i.e. j € [0, J;], with J; = 1 for all
t, (ii) how varieties are valued. We view it as simpler to abstract from these effects.



The state vector of market j is zj; = (Zl,jt/ .. -/ZMj,jt)- Firms face no adjustment costs over time, as we
discussed in the introduction. Such adjustment costs would imply additional endogenous state variables,
which is computationally intractable with entry and exit and M; > 2 firms. Finiteness of M implies that
“sectoral shocks” emerge from the idiosyncratic shocks faced by firms (Carvalho and Grassi, 2019). How-
ever, with a continuum of sectors, these sectoral shocks wash out in the aggregate: i.e., the distribution

across markets zjy ~ G(z) is constant.!” There are no aggregate shocks.

Conduct. There is a continuum of identical households and hence conduct is competitive. We bundle
aggregate variables (P, W, P*,R,Y) into a vector S which households and firms take as given.!! Indirectly,
firms compete with all firms in the economy, including firms in other markets —j. But with a continuum
of other markets there are no strategic interactions between firms in market j and j’. Each firm is therefore
infinitesimal in the aggregate and, like households, takes S as given.

With a finite number of firms in each market, firms exert market power and conduct is strategic. The
equilibrium concept within each market is a Nash equilibrium. Each ¢, firms’ joint entry and production
decisions are a best response to their competitors within sector j. In the goods market, we model firms’
conduct by means of Cournot quantity competition. It is well known that due to the strategic interaction
in the goods market, equilibria with entry of different firms may arise. We use an equilibrium selection

device following Berry (1992), which we discuss below.

Timing. In summary, at the beginning of each t, productivity shocks for the M potential firms in each
sector are realized, determining zj;. Potential firms then simultaneously decide whether to operate or not
and how much to produce. Whether firms operate or not in ¢, their productivity evolves to t + 1 according

to (5). We study the steady-state of the economy; hence, we drop ¢ on all aggregate variables.

Intermediate goods. Intermediate goods are produced by homogenous firms in a competitive sector
operating a constant returns to scale production technology with labor as the only input. This implies
that P* = W;. At this price, firms are indifferent between inputs 7;; and x;;;. We assume that labor’s
share of production costs and overhead costs is 1, fixed across periods. For example, this implies that
SGA;jy = Wi¢" /1, and total labor demand is therefore (1/¢) times labor demand in the differentiated
goods sector. The parameter 1 only enters aggregate equilibrium conditions, and is differenced out in log
changes across periods, which will be the format of our results. Since we do not differentiate between ¢”"

and ¢*, we use the notation ¢ in what follows.!?

10By way of comparison, note that in the ‘“micro-to-macro’ shocks literature, idiosyncratic shocks do not wash out in the aggre-
gate. See for example Gabaix (2011), Gaubert and Itskhoki (2021), and Carvalho and Grassi (2019).

HFirms’ equilibrium discount rate reflects share prices Q; and in steady-state is equal to . But since firms’ optimal decisions
are static, these will not enter their problem.

129pecifically, the technology is X = Nx. Suppose Np is aggregate labor demand from the differentiated goods sector. Then
demand for intermediates is X = (1 — ) /¢ X Np. Equating supply and demand for intermediates, Nx = (1 — ¢) /¢ x Np. Total
labor demand is then Nj; + Np = (1/¢) x Np.



2.2 Solution

Households. The household demands c;; units of goods from each firm ij:

B -
1 pij ) ”(Pj(Pif'Pif)>
c\pip-iisS) = srlom—55) \ 7 p ) © 6
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1
" 1
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17 i=1

Aggregate consumption is C. The allocation of C to market j depends on the level of the sectoral price p;
relative to the aggregate price P. The allocation of expenditure to firm i is then determined by the level of
firm i’s price p;; relative to p;. The aggregate price index is the number P such that PC is equal to aggregate
expenditure: PC = fol Z?ijl pijcij dj.

The household supplies labor and capital to firms. GHH preferences imply that labor supply depends
only on W/P: N = @(W / P)q). The steady-state Euler equation implies that the household supplies

whatever amount of capital is demanded by firms at price R =1/ — (1 — ).

Firms - Production. Taking as given the output of other operating firms in their market y_;; and aggre-

gates S, each firm chooses production to maximize variable profits:
Vij (Zij, Y—ijs S) = argmaxp (]/ijr Y—ijs S)]/z’j —c (]/z’j; Zij, 5) , )

subject to the inverse demand curve p(y;;, y_ij, P, Y) from household optimality and non-constant marginal
cost as a function of y;; due to the non-linear production technology. The solution to (7) implies the standard

pricing formula by which p;; is a markup p;; over marginal cost:

i
(i y-ijs S)

€ij 1 9p(yiiy—iisS)
81']’ -1 !

(8)
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X
Yij

Here, ¢;; is the residual demand elasticity of the inverse demand curve. We return to the expression for
p;j below. Cost-minimization delivers demand for labor, capital and intermediates for each firm: n;;(z;, S),
kij(zj,S), xij(zj,S).

Firms - Entry. Given aggregates and the entry and production decisions of its competitors, firm ij enters

if it has positive profits:

TTij (yf‘]-, Y-ij, S) =p (yj].,y,ij, S)yj‘j —c (yfj, Zij, S) — W¢" — P*¢* > 0. )
Optimal entry depends on the identity of the firms operating in market j, their production and equilibrium

factor prices in S.

Equilibrium. We require a Nash equilibrium in each market given S. In addition, aggregate markets for

labor, capital, and intermediates clear. Aggregate demand for factors N%(S), K4(S) and X%(S) is obtained



by integrating over markets and firms.

Equilibrium selection. We restrict attention to pure strategies. Even then, conditional on aggregates S,
in any market j, there may be multiple equilibria. This is compounded by studying many markets. To han-
dle this, we extend an equilibrium refinement device first introduced by Berry (1992) to a macroeconomic
general equilibrium environment. We start by assuming all firms enter in every market: M; = M for all
j. Given this pattern of entry, we solve the Nash equilibrium in production in all markets, and aggregate
equilibrium conditions to obtain S. We then compute profits from (9). Of all firms in the economy with
negative profits, we remove the firm with the lowest profits.!® This gives a new pattern of entry. We iterate
until no firm has negative profits. By construction, the best response of all operating firms to their competi-
tors” actions has been obtained. We then verify that profits remain negative for all firms that exited under
the implied factor prices. Hence, the best response of all non-operating firms to their competitors” actions
has also been obtained. We have obtained a Nash equilibrium in each market, and a general equilibrium

of the economy:. !4

3 Characterization - Markups, Aggregates, Comparative statics

In this section, we first characterize the firm-level markups and then analyze the aggregate effects of market
power. This sets up a central exercise to the paper: comparative statics of our moments of interest—
markups, business dynamism, cost shares—and aggregates—output, wages, productivity—to technology

via ¢ and ¢ and market structure via M. We conclude the section by discussing our model assumptions.
3.1 Firm-level markups

Under CES preferences, the residual demand elasticity that determines markups is
51 -1 . , -1 , 1-7
0o D g y
gjj = — (g Py ) = S"fé + (1 - Sij) - ] ;o Sij = P = 31 (pl]> , (10)
y:’]‘ ;7 Z

y M; :
dlogyis i1 PijYij M;
where s;; is firm i’s share of market j revenue. Hence, a firm’s markup is directly related to its revenue

Pj

share of the market for good j, s;;.1° Firms with a market share close to zero face fierce competition from
& J» Sij p

firms within market j. Their residual demand curve is flatter as the goods within the market are close

1B1n the computational exercise, there is a large but finite set of markets | so a large but finite set of potential entrants. Therefore,
a single firm exits. In the theory, with a continuum of firms, a small but positive measure of firms exits. When we reverse the
procedure and start with the highest-productivity firms in each market and then add firms, we obtain the same equilibrium.

14 This algorithm delivers a refinement of the Nash equilibrium of a simultaneous entry game. It would be a mistake to think that it
implies that the high-productivity firms move first. It does not require us to specify leaders and followers, as would be the case if
solving for the subgame perfect equilibrium of a sequential entry game. This implies a subtle point: there is no limit pricing. Limit pricing
occurs in the subgame perfect equilibrium of a sequential move game, where a leader chooses its quantity first. The leader may choose
this quantity such that a follower best-responds to this quantity by not operating. Our game is a Nash equilibrium of a simultaneous
move game, which requires all firms” quantity decisions to be a best response to the quantity decisions of their competitors. Firms
best respond to the positive quantities of their operative competitors, and the zero quantities of their non-operating competitors.
They do not reason to a next step.

15The Bertrand-Nash equilibrium is identical in the entire system of equations except for the residual demand elasticity. Under

Bertrand, ¢;; = s;;6 + <1 — si]-) 1. See Section 8 below.
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substitutes (7 > @), and their markups are consequently lower. Firms with a market share close to one
effectively behave like monopolists within the market, and only take into account the substitution of goods
outside of market j; their elasticity approaches 6, and their markups are higher. Productive firms’ efficiency
advantage allows them to sell at lower prices. Yet this also allows them to exert more market power, and
hence their prices are higher relative to their marginal cost, that is, they have high markups.

Despite the rich general equilibrium structure and potential for non-constant returns via -y, market
P = (z1,...,2mj). Using
the above equations, we can obtain a system of Mj equations in Mj market shares, which determines the

j markups are determined only by the vector of entrant firm productivities: z

market j Nash equilibrium:

_ y(—1) =1
p (sij) 0D Ziv]fwm) |
M; (-1 -1 , 1=1,..., M] (11)
Zkll H (Sik) n=(1-1) Z;;{w(q—l)

Si]' =

Here we have used the fact that marginal cost can be written ¢’ (y, z,S) = C(S)z~/7y(1=7)/7_ In the expres-
sion for shares, C(S) and terms from the demand curve that involve aggregates cancel across numerator
and denominator.

This set of equilibrium conditions delivers three results. First, estimates of returns to scale are important
for mapping the model’s implications for shares to the empirical measurements of markups. This motivates
including estimates of how 7 changes over time when estimating the model. In the empirically relevant
casey € [1/(y—1),17/ (1 —1)], the numerator is convex in z;; and more convex the higher is .'® With y >
1, productive firms have a larger scale, pushing down their marginal cost, which pushes down their prices
and hence pushes up their market shares. While this force dominates, it is dampened by higher shares
leading to higher markups, higher prices, and hence lower shares. This entails a fixed point that yields
the multipliers in the exponents of 1i(s;;) and z;;. Second, the equilibrium of the market is block recursive.
Homothetic preferences yield independence of (11) from all aggregate variables, depending only on market
j productivities z;. Third, the broader macroeconomy only enters through the equilibrium determination

of the identity of the M firms that enter out of the M potential entrants in market j 7
3.2 Aggregates - Markups, Wages, Employment, Output

To characterize how market power impacts the broader macroeconomy and study comparative statics of
the model with respect to our key parameters {M, o, ¢}, we consider a nested economy in which the only

input into production and overhead is labor. In this specialization of the full model:

1
T _ _ Yii\”
vij = zijng 70 = pilii— Wnig —We C(yi]‘zzz’j/ W) =WI{Z ) -
ij

16Consider an unnecessarily wide interval of 77 € [2,13]. The intersection of the bounds for all # in this range is [1/(2 —
1),13/(13 —1)] = [1.000, 1.083]. This includes the range of <y that we will estimate across periods of [1.002,1.075].

17 As an application of this, consider the potential role of wealth effects on labor supply, which we abstract from. In equilibrium,
firm scale, and hence entry decisions, will be affected. But conditional on these, markups would be the same. Equation (11) also
shows that multiplicative sector productivity fixed effects will have no bearing on market shares and markups. Hence, some sectors
being larger than others on average can be incorporated with no effect on our key moments.
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The only market clearing condition is in the labor market. All other previous equations apply.

Markups. How does market power at the firm level aggregate to impact the allocation of factors and
prices? To obtain expressions that make this clear, we proceed as follows. First, define the following
indexes of productivity at the market and aggregate levels:

n—(1-1) 6-(0-1)

1 1 M . -1 B N &
zj = Mj v v ZZ’Z?JTW* ) , Z= [/ z]f”( - )d]] ) (12)
] i=1

Lower M; reduces overhead. Under increasing returns, v > 1, it also increases production efficiency as
resources are allocated to progressively larger firms. Now define a market and aggregate markup:

n=r(n-1) o1 0—7(6-1)

z:\o—ye-1 — 101 T
/ (z]> T “‘“df] (13)

These are productivity-weighted harmonic means. Our result is that y is the appropriate aggregate markup

—1

M; _n=1 B —natl)
i = i Z] Zij \1 D anj%i)l) 7(1=1) .
] M Z] 1] 7

] i=1

from the perspective of aggregate equilibrium conditions.

Wages. The relative price of final output to variable labor is determined by the goods market clearing
condition. This boils down to the price index P under p;; = p;jc’ (v, zij, W). Making these substitutions,
we obtain that the aggregate price is the aggregate markup on a measure of aggregate marginal cost be-
longing to a hypothetical representative firm with c¢(Y,Z, W) = W(Y/Z)'/7. This can be combined with

the production function and inverted to obtain the wage:
1-y

P=yx ig(;)v ,gzthw (14)

Marginal cove oy (¥,2,W)
The effective wage is the average product of labor scaled up by 7 and scaled down by the markup pu.
Consider the simple case of v = 1. First, if all firms had markups p;; = 1, which would be implied by
an efficient allocation in which shadow prices of goods are equated to marginal revenue products, then
W/P = Z, a natural competitive benchmark. Second, if all firms had the same productivity z;; = 1,
and markups p;; = p, then W/P = 1/u. A higher markup increases the relative price of goods, which
decreases the effective wage. A higher aggregate markup can occur due to higher firm markups y;;, or

higher productivity at high-markup firms reallocating the weights toward high-markup firms.

Employment and output. Aggregate labor demand similarly makes clear the wedges introduced by
markups. Demand comes from production labor Ny and from overhead labor N, = @ := ¢ [ Midj,

and makes clear how a higher markup y chokes off demand for labor:

N:Q;<yw+ @ . (15)

Production labor - Ny Overhead labor - N,
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The new term here is (2, which is an additional wedge that is generated by markups and that distorts

output:
M; 1 zjj 1;72(7/171) Hij 71177?17*1) Zj 97?,7(911) M _67739—1) . ! 1 v
=B (2 () T e (@ ] (3

M 1)
]

The terms (-) are productivity weights that sum to one. If all markups are identical, then ) = 1. These
expressions show that if markups are heterogeneous, and positively correlated with productivity, then
Q) > 1, which reduces output. From the perspective of labor demand, when misallocation is larger, more

labor is required to produce a given level of output.

Equilibrium. The three equilibrium conditions in blue determine {N, W/P,Y}—and hence also labor
productivity Y/ N and the labor share WN / PY—as a function of the wedges {Z, u, ), ®}. Importantly, we
now have a lens for understanding the effect of market power on aggregates that we will use to explain our
results in Section 6. The terms {Z, u, ()} are functions only of productivities and markups, and we have
established that markups themselves only depend on productivities. The term ® depends on overhead

costs and equilibrium entry, which itself depends on the profit opportunities available to firms.

3.3 Comparative statics

We now understand the mapping from parameters to markups and entry, and the mapping from markups
and entry to aggregates, but how can we pin down the parameters? A contribution of this paper is to first
show that changes in primitives {M, 7, ¢} that relate to market structure and technology imply different
outcomes for well-understood moments relating to markups, business dynamism and costs. Depending
on which primitive changes, higher markups can be accompanied by increasing or decreasing business
dynamism, increasing or decreasing measurements of costs, and welfare that rises, falls, or stays flat. This
(i) provides arguments for identification via increasing markups, falling business dynamism and increasing
fixed cost shares, and (ii) sets up our main results: decompositions of moments and aggregates.

We study two classes of outcomes. First, the three moments we will use to estimate these parameters
in Section 4: markups, employment reallocation rate, and the composition of costs. Second, important
macroeconomic outcomes: labor productivity Y /N, wage W/P, output Y and welfare U(C, N). In our
quantitative exercise acogs and ak, and hence returns to scale v, also vary over time. However, we find

that changes in these are not central to our conclusions, so we do not discuss them here.

Business dynamism. How can changes in parameters of the economy lead to a decline in business dy-
namism? We consider the employment reallocation rate. Empirically, this is often defined as total job creation
and job destruction minus net job creation as a fraction of average employment over two periods (see

Davis et al., 1998). In our model’s steady state, net job creation is zero, giving the following, which admits

13



a simple decomposition:18

JC+ D .
Ny—|—N¢

]Clnc 4 ]DInc
Ny

]CEnt _|_]DExit
]Clnc —}—]DI”C

Ny

RER = oy
Ny + N¢

1+ (16)

1. Incumbent production 2. Composition of JC and JD 3. Share of fixed labor
First, reallocation can fall if productivity shocks cause less turnover of production labor jobs at incum-
bent firms (Inc). This can occur due to a decline in firms’ residual elasticity of demand &(s;;;) or price

passthrough of marginal cost x(s;j;):

dlogniw _ 1 [(dlogyiy) ( dlogpin \ (dlogmeyy ] _ 1
dlogzyy v [\dlogpii) \dlogmcy;) \ dlogz o

Second, job creation and destruction by entry (Ent) and exit (Exit) may decline. This will be the case if

e (sije) x (sij¢) — 1
1+ 22e (sig) x (sije)

] 17)

(i) the cut-off productivity for entry is higher, leading to entering and exiting firms becoming larger, or (ii)
firms receive larger shocks in t + 1 that lead them to exit despite being far from the cut-off in t. Third,

reallocation falls if more labor is used in overhead, since overhead labor does not fluctuate.

Markups and composition of costs. Throughout we consider model and empirical counterparts of the
economy-wide sales-weighted average of markups as in De Loecker et al. (2020), which we denote i, and

the sales-weighted average of firm-level fixed costs to total costs, which we denote ®:

7 S (Pili ; o) & [ piYi )
V.:/;(PY>Vijd], , @.:/;<Py> Wo+ Wi, (18)

The benefit of these measures is that they are observed in the data without having to suppose a definition

of markets, as opposed to, for example, measures of concentration.!” An increase in % can occur due to
compositional changes — more sales accruing to higher-markup firms — or within-firm changes, as firms
increase their markups holding the sales distribution fixed. An increase in ® can occur due to a direct
increase in overhead requirements ¢, while more sales at higher-sales firms would reduce ® as overhead

is a smaller component of large firms’ costs.?’

Comparative statics results. All comparative statics results are in general equilibrium and shown in Fig-
ure 1. We vary parameters one at a time between their minimum and maximum estimated values over
1980 to 2023 from Section 4. We fix v = 1.02, its value in 1980. The baseline M, ¢, o are the midpoints of
their respective ranges (vertical black dashed line). Horizontal axes are ordered by comparative statics that

increase J as shown in the first row. Background colors indicate an increasing (green) or decreasing (red)

18To be precise, JC; := f] Yiej max{n;j — nj;;_1,0}djand JD; := f] Yiejmax{nj_1 — ny;, 0}dj.

19The recent work by Bond, Hashemi, Kaplan, and Zoch (2021), Traina (2018), Syverson (2019) and De Loecker and Syverson
(2021) reminds the research community of important methodological aspects of production function estimation, which can po-
tentially affect certain dimensions of the markup estimates. Markup estimates rely on the selection of one (or multiple) variable
inputs in production and the corresponding output elasticities. The choice of variable inputs depends on data availability and
varies by application, while the estimation of the output elasticities brings in all the well-known challenges that go into production
function estimation. Most notably: an endogeneity bias due to unobserved productivity shocks and an omitted price bias due
to unobserved input and output prices. To estimate markups we account for these biases using the techniques suggested in the
extensive literature on production function estimation. For a detailed discussion, see Appendix A in De Loecker et al. (2020).

20In Section 8, we will re-estimate our model under a target series for 7 that is cost-weighted, rather than sales-weighted.
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relationship with the parameter.

Market structure - M. If markups increase due to a decline in M, business dynamism declines, but the
composition of costs moves counterfactually, and measures of aggregate economic activity decline. Going
down the first column, we first see that a decline in M leads to an increase in markups. With fewer potential
firms, the number of operating firms declines. This leads to higher markups at each firm as market shares
increase. Sales are also reallocated to higher markup firms. Both contribute to higher 7.

A decline in M also leads to less business dynamism as measured by the reallocation rate, consistent
with the data. A key contribution of the paper is to use this relationship between market power and
business dynamism to understand structural changes in the U.S. economy. As market shares increase,
the residual demand elasticity &(s;;) faced by operating firms decreases, making quantities less responsive
to changes in prices. Prices themselves are also less responsive to productivity as passthrough x(s;;) is
declining in market shares over their empirically relevant range.?! Qualitatively, this comparative static
suggests a link between market power and business dynamism. Quantitatively, however, note that (i) the
36 ppt decline in the reallocation rate is quantitatively large, and more than the 6 ppt decline we will see
in the data (Figure 2B, below), while (ii) the 17 ppt increase in markups is quantitatively small, and less
than the 38 ppt increase we will see in the data (Figure 2A, below). Matching the data will require larger
increases in markups, and smaller declines in reallocation rates.

A decline in M leads the composition of costs to move in the opposite direction to the data. Fewer
firms are now larger on the intensive margin of production employment, reducing the share of fixed costs
in total costs. Matching the data will require a force that increases fixed costs in production.

Macroeconomic outcomes are shaped by labor productivity, which declines. We measure labor pro-
ductivity from production labor (red, dashed line), and overall labor productivity (blue, solid line). More
market power leads to relatively higher markups at higher-productivity firms, leading to an increase in
misallocation (), and hence more production labor required for a given level of output. From our equa-
tions Y/ Ny « Z /), hence productivity of production labor falls. The decline in overall labor productivity
is muted as with fewer firms less labor is tied up in overhead: Y/N = (Y/Ny) x (Ny/(Ny + Ny)). Lower

productivity translates into lower wages, output and welfare (Panel D).

Productivity Dispersion -¢. If markups increase due to a higher ¢, then business dynamism and the com-
position of costs move counterfactually, and measures of aggregate economic activity increase. Increasing

the dispersion of productivity shocks increases the cross-sectional dispersion of underlying productivity:

T 21= 027 1—p?
atively more productive, their prices fall, gaining them a larger share of sales which leads them to also sell

2 2 . . . . .
log zjjy ~ N ( 1 o, ) . This leads to an increase in markups. As more productive firms become rel-

at higher markups. Both forces lead the markup 7 to increase. With more volatility in productivity, the re-

allocation rate increases, counteracting any decrease in passthrough and demand elasticities at large firms.

2n fact X(sij) is U-shaped. With a market share around zero, markups are constant at 4 = /(57 — 1), and passthrough
Alogp/Alogmec = 1. With a market share of one, markups are constant at 4 = 6/(6 — 1), and the same obtains. With interior
market shares, an increase in productivity leads to an increase in market share, and an increase in the markup which yields
Alogp/Alogme < 1. Over the relevant range of market shares obtained in the equilibrium of the estimated model, x(s;;) is
declining in s;;, i.e. the left side of the U-shape. See Appendix A.2.
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Figure 1: Equilibrium comparative static effects of changes in market structure and technology

Notes: In each case we move only one parameter at a time, and recompute the general equilibrium of the model and the asso-
ciated moments. The ‘red” background indicates where the moment of interest (top three rows) declines; where it increases the

background is ‘green’.

With more dispersion in productivity, larger firms become larger on the intensive margin of production

labor, causing the share of overhead in costs to fall.

Macroeconomic outcomes are shaped by labor productivity, which increases. Here, endogenous entry is

key, leading to compounding productivity effects. In partial equilibrium, the improved right tail reallocates

sales to increasingly more productive incumbents, increasing aggregate productivity. In equilibrium, the

reallocation of market share to larger firms reduces markups and profits of marginal incumbents, leading
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A. Comparative statics B. Moments C. Macroeconomic effects

i
Markup Reallocation M Y/N Y W u
Total costs

I. Market structure | M + - - - - - -
to + + - + o+ o+ +
II. Technol
cchnology T + + + +- +- +- +-
U.S. data 1980-2023 + - +

Table 1: Summary of comparative statics results.

some to exit. This improves the selection of operating firms, further increasing aggregate productivity. As
in the case of a decline in M, wages, output and welfare track productivity, all increasing. The effect on

wages is dampened as higher markups depress the outward shift in labor demand.

Fixed cost - ¢. If markups increase due to a higher ¢, the cost share of overhead increases, but business
dynamism moves counterfactually, and measures of aggregate economic activity are flat. Similar to a
decrease in M, fewer firms operate, increasing the market shares and markups of the most productive
firms, pushing up 7. However, there is a counterfactual increase in the reallocation rate. With higher
fixed costs, operating firms have higher productivity and are hence larger when entering or exiting. As
opposed to shedding a few workers when hit with a negative productivity shock, these larger firms now
exit, leading to large amounts of job reallocation, the second term in (16). Mechanically, the increase in the
overhead share of costs is consistent with the data.

Relative to changes in M and o, labor productivity is flat and effects on aggregates are negligible. On
the one hand, operating firms are more positively selected on productivity, pushing up productivity of
production labor (red line). On the other hand, more labor is tied up in overhead, reducing overall labor
productivity. On net, these largely offset. Following overall productivity, output, welfare and wages are

relatively flat.

Summary. These comparative statics deliver four key results, summarized in Table 1. First, the source
of increasing markups matters for welfare. Lower M reduces welfare, higher ¢ increases welfare, and
the offsetting selection and overhead effects of higher ¢ have an ambiguous effect. Second, there is no
clear mapping between markups and business dynamism. A decline in M leads markups to increase and
reallocation rates to fall, while higher markups through either technology channel lead reallocation rates
to increase. Third, these three moments can be used to identify our three parameters. No two parameters
cause all moments to respond with the same or opposite signs. Finally, each moment is a scale-invariant
ratio of data, unlike, for example, moments of the firm size distribution. Each moment also avoids attempts
to define markets. Before we use data on these moments to quantify the model and understand which of

these forces has been operative in the U.S. from 1980 to 2023, we briefly discuss modeling assumptions.
3.4 Discussion of model assumptions

Here we provide the empirical rationale behind the choice of the three key parameters and technology

parameters that vary across periods, as well as other modeling choices.
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Potential Competitors - M. In economists’ models of imperfect competition, the number of competitors
is the main determinant of market power. Without a clear definition of a market, we cannot simply take
the number of competitors from the data. And if the number of competitors is not observed, the num-
ber of potential entrants is even more elusive. Moreover, with entry decisions by firms, the number of
competitors is endogenous, and the determinant of the number of competitors is the number of potential
entrants, as in Berry (1992). But there is ample indirect evidence in recent years that the number of poten-
tial competitors has changed, due to an increase in the number of mergers and acquisitions.?? Additional
qualitative evidence supports increasingly slack antitrust enforcement policy in the U.S. and around the
world (see for example Baker and Shapiro, 2008; Grullon et al., 2019). Here we draw the line at endogenous

entry; endogenizing M would require modeling these features and entrepreneurial incentives.

Productivity Dispersion - . Absent dispersion in productivity, market power can only vary with the
number of firms. We have covered the theoretical relationship between ¢ and markups, but there is also
empirical motivation. Autor et al. (2020) and Kehrig and Vincent (2021) find increased dispersion of market
shares and increased concentration (HHI), and De Loecker et al. (2020) find evidence of the increase in
dispersion of markups. Moreover, this literature reports a growing importance of dispersion in the top
percentiles of the firm size distribution with the rise of superstar firms and growing market shares of top

firms. Through the lens of our theory, these all relate to increased dispersion in productivity.

Fixed Costs - ¢. Since entry is a major determinant of the number of competitors, and entry depends
crucially on the entry cost, we want to estimate the role of fixed costs. In our data we see direct evidence of
rising overhead costs as measured by SG&A, but there is also direct and indirect evidence of the rising role
of intangible capital such as intellectual property, patents, or software as an overhead cost (see among oth-
ers De Ridder, 2024; Crouzet and Eberly, 2019; Eisfeldt and Papanikolaou, 2014; Olmstead-Rumsey, 2019;
Koh et al., 2020). There is also an important role for fixed costs in international trade which increases as the
economy globalizes as in Melitz (2003). In addition to scale economies from fixed costs, we also allow for

increasing returns to scale in production, which further captures some of these changes in the economy.

Time-varying production technology. Inaddition to the time-varying technology parameters for the pro-
ductivity variance o and the overhead cost ¢, the model features returns to scale and output elasticities that
vary across periods. This captures additional variation in the technology as documented in Foster, Halti-
wanger, and Tuttle (2022). To obtain these parameters we estimate a production function that is consistent
with the model, allowing the estimates of output elasticities for the variable input acocs and capital ax to
vary across periods, flexibly allowing for acogs + ax # 1. We then use these elasticities when calculating
markups in the data. This ensures that production function estimation and markup calculations in the data

are consistent with the model.

22For early work documenting and explaining the rise in M&A activity since 1980, see for example Shleifer and Vishny (2003)
and Gorton, Kahl, and Rosen (2009); on killer acquisitions, Cunningham, Ederer, and Ma (2021); and on common ownership,
Azar, Schmalz, and Tecu (2018) and Ederer and Pellegrino (2025).
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A staticmodel. There are many valid economic reasons to consider a dynamic setting in which firms enter
markets making investment decisions that have long-term dynamic implications. Much of that investment
is often in innovation with future payoffs and is also sunk, but different from fixed costs. The reason we
nonetheless work with a static framework is tractability. Given the rich strategic interaction between firms,
endogenous market structure and resulting endogenous number of firms and markups, it is an extremely
complex problem to solve (see Mongey, 2021). While there are good reasons to think that the shocks to
productivity do not instantaneously lead to adjustment of all factors of production, we believe that the
largest input (COGS), which accounts for around 85% of the costs, adjusts within one year. In the related

literature section, we discussed papers that analyze market power in a dynamic setting.

Cournot competition. In Section 8 we repeat the analysis under Bertrand competition, with imperfectly

substitutable goods, and we find that the results are robust.

Summary. More broadly, we make a number of assumptions that deliver tractability. We then fully ex-
ploit this tractability to estimate the model yearly from 1980 to 2023 and hence deliver new quantitative
results that are at the frontier of the literature. While some assumptions could be relaxed or {M, o, ¢}
themselves endogenized, doing so would significantly increase computational time. A single estimation of

the model takes around 20 days.??

4 Quantification

We estimate the model each year using a combination of Compustat and Census Business Dynamics Statistics
(BDS) data from 1980 to 2023. There are four sets of parameters: (A) externally chosen and fixed across
years {¢, B,0,p}, (B) externally estimated and varying {acocs, @k}, (C) internally estimated and fixed
{n,0}, (D) internally estimated and varying {M;, ¢1,0:}. These are: (i) the number of potential firms in
each sector M;, (ii) the size of innovations to firm productivity o, and (iii) overhead fixed labor costs ¢;.
We normalize the productivity process to have mean 1, which abstracts from average productivity growth.
All moments are ratios that are scale-invariant, hence unaffected by any such normalizations.

For each “year” of the model, we solve for the stochastic steady state under the period t parameters:
aggregates are in steady state while firms” productivities are stochastic. Estimating the model annually
as a sequence of steady states is distinct from estimating the transition of the economy from 1980 to 2023,

which would require solving a complex dynamic oligopoly problem. We discuss this limitation below.

41 Approach

A. Externally chosen - Fixed

Table 2 summarizes externally chosen parameters. The discount factor § = 0.96 implies a real interest rate
of 4 percent. The depreciation rate is 6 = 0.12, hence the rental price of capital R = (1/8) — (1 — ) ~ 0.16.
The labor supply elasticity is conservatively set to 0.25, which is consistent with lower values of micro-

estimates (Chetty et al., 2011). A high labor supply elasticity would amplify the effect of markups on

23We use around 50,000 CPU hours, which when run on 100 cores takes around 20 days.
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Parameter Value Source

A. Fixed over time

Labor Supply Elasticity ) 0.25 Chetty et al. (2011)
Discount rate B 0.96 Real interest rate 4% p.a.
Depreciation rate ) 0.12 De Loecker et al. (2020)
Productivity persistence 0 0.90 Decker et al. (2020)
Factor share: Labor in labor plus intermediates P 0.33 Compustat data

B. Varying over time

Factor share: Labor plus intermediates in total variable cost XCOGS t Time-varying De Loecker et al. (2020)
Returns to scale Yt = acogs, +aks Time-varying De Loecker et al. (2020)

Table 2: Externally estimated parameters

aggregate quantities. We set p to 0.90. Given a process for TFP, the model generates a process for revenue
TFP — or TFPR — at the firm level. The process for TFPR is less persistent. This lower persistence is
due to the fact that TFPR;; is proportional to the markup p;;, and increases in productivity lead to higher
markups. Decker et al. (2020) estimate the persistence of TFPR;; to be between 0.60 and 0.70, and stable
over time, for manufacturing sectors. Setting p to 0.90 delivers this in the model (0.64 on average over 1980
to 1984, and 0.62 on average over 2016 to 2019).24'25

B. Externally chosen - Time-varying
To obtain acogs and akt, we use production function estimation, deriving moment conditions consistent
with the production function and equilibrium conditions in our model. We proceed in two steps. First, we
estimate a5 ; and ay , at the level of 2-digit industries s using five years of data around t. Second, we set
xcocs, and ak ¢ as the sales-weighted mean across-s of these year-t estimates. We then use these common,
time-varying parameters acogs; and ak; to compute markups p;; for each firm in the data (see equation
(20), below), and as parameters of the structural model. Hence markups computed in the data and their
counterparts in the model are consistent. Note that this yields a slightly different aggregate time series for
the markup relative to De Loecker et al. (2020), in which firm-level markups p;; are computed using the
output elasticities of the 2-digit industry that the firm belongs to.

For estimating output elasticities, our starting point is the production function in equation (4). For a

given 5-year window and 2-digit industry, and applying classical measurement error to Sales;j;, we obtain:

log SLZlESi]‘t = acocs log COGSZ‘]‘t + ak log CapitalCostijt + < log Pijt — XCOGS log Wy — ak log Rt> +log Zijt t Eijt-

19
Equilibrium conditions of the model allow us to write (-) in terms of productivity and market sha(res).

Combined with the orthogonality conditions implied by the AR(1) stochastic process for z;j;, we obtain

24Comparable to Decker et al. (2020), in the model, we measure TFPR;; by assuming all inputs are variable and constant
returns: TFPR;; = Sales;;/X;; where Xj; = Laborﬁ’ Capz'talilt_ﬁ ‘. Bt is time-varying and equal to the aggregate ratio of labor
payments to labor and capital payments, in the model. Persistence of TFPR;; is the OLS regression coefficient of log TFPR;; on
log TEPRj;—q.

2Decker et al. (2020) also estimate parameters of TFP;; processes, however using these would not be appropriate in our
context. TFP; is obtained by deflating revenue at firm i by a common price index for all firms in sector j. This would be an
incorrect procedure in our model, since firms’ prices differ substantially within a sector, and in a way that relates to firm TFP;.
Nonetheless, their estimates point to TFP;; being more persistent — with an auto-correlation of around 0.80 — than TFPR;;. That
the model endogenously generates less persistence in TFPR is a realistic feature of the model.
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moment conditions that can be jointly used to estimate acocs and ax. We apply exactly the procedure in
De Loecker et al. (2020). As discussed, this process is repeated for all 2-digit industries and all years of the
sample. We provide additional details in Appendix C.2.

C. Internally estimated - Time-varying
We pin down {M;, ¢1, 0;} using three time-series reflecting aggregate measures of (i) firms’ markups, (ii)

the share of fixed costs in total costs, and (iii) business dynamism.

Markup. Inboth the model and Compustat data, a firm’s markup is given by:

N XCOGS,t — Sales;; ,
Hit = COGS;;/Salesy; =) ( Salest> Hit (20)

i

In the data, we use observed COGS;; and Sales;;, along with our estimate of time-varying acogs;. In the
model, COGS;; and Sales;; are constructed using equation (4), along with our estimate of time-varying

&cocs,- In the model and the data, we aggregate y;; to an aggregate moment using firms’ sales shares.

Fixed cost share. Recall from equation (4) that overhead comes from both intermediates and labor, which
we attribute to SGA;;. We attribute to TotalCosts;; additional expenditure on labor and intermediates in
COGS;; and capital costs. In data and model we compute the firm-level ratio of total SGA;; to TotalCosts;;.
In model and data we aggregate to a single statistic using firms’ sales shares.

SGA; o

FixedCostShare; = TotalCosts, = o FixedCostShare; = Z

<Salesit

Sales, > FixedCostShare;;. (21)

i

Business dynamism. From the BDS we compute the annual labor reallocation rate. Let ¢;; denote firm i’s
total employment (production plus overhead), with ¢;; = 0 when the firm is inactive. In both model and

data, the reallocation rate is measured as2®

Y (ips1 — git)Jr + 3 (b — gi,t+1)4r

RER; =
TSl + i lipin)

(22)

We have 132 moments from our three time-series over 44 years. In total, we have 134 parameters to esti-

mate: { My, ¢, 0y fng’%o along with 1 and 6.

D. Internally estimated - Fixed

The preference parameters 6 and 5 are important for pinning down the average level of markups and
reallocation rates across all periods, while movements in other parameters determine their path across
periods. Given this observation, our approach is to assign the same values for M, ¢, c in 2001 and 2002.

This reduces the number of parameters to 131, which we estimate with 132 moments.

26The reallocation rate requires t and ¢t 4+ 1. When computing moments for a particular year, say, 1993, we have a 1993 vector
of parameters, and the model in steady state under these parameters in 1993. We then use stochastic realizations of productivity
over t and t + 1 in the 1993 steady state to compute the reallocation rate. Firms that enter in ¢ but not in ¢ + 1 are labeled as exiting
firms; firms that enter in f + 1 but not in ¢ are labeled as entering firms. Firms that remain in both periods will also adjust their
labor (depending on the change in their own productivity and that of their competitors) which leads to labor reallocation.
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Two-step estimation. For computational reasons, we perform the estimation in two stages. In the first
stage, we estimate 0 and # jointly with the My, ¢;, 0} for every year with acocs: and 7+ set to their average
over all years. Then, fixing 6 and 7, we re-estimate the remaining parameters { My, ¢, 0; %2213980 with time-
varying acogs, and ;.27 Our targets are the annual time-series for the three moments. We plot a five-year

centered moving average of moments in the data and model, as well as model parameters.

4.2 Results - Parameter estimates

The comparative statics in Figure 1 established the identification of key parameters and illustrated how
each parameter affects the key endogenous outcomes, and thus how the model maps to the data. Figure
2 presents the quantitative analogue, plotting the moments used in estimating the model and the model’s
fit. The fit of the model is given by the red dashed lines, with the parameters that generate this fit given
in Figure 3. The two additional parameters estimated are 6 = 1.14 and # = 4.81, which are consistent
with alternative approaches in other papers that have studied markups and nested-CES preferences (see
Atkeson and Burstein, 2008; Gaubert and Itskhoki, 2021; Burstein et al., 2025). In Section 8, we consider
time-varying 6 and 7.

An important result is that to match the data, we require both changes in technology and market struc-
ture: the number of potential entrants declines, productivity shocks become larger, and fixed costs increase.
With only the three degrees of freedom available, the model is able to match the data very well. Here we
provide a short description of the quantitative identification of the model—which we expand in Section 7—
referring the reader back to Figure 1 which provided a qualitative argument. First, a decrease in M delivers
both higher markups and lower reallocation rates, two key features of the data. Second, as we noted in
Figure 1, a decline in M by itself would lead to a decline in reallocation rates that is quantitatively too large
and an increase in markups that is quantitatively too small relative to the data. To further increase markups
and dampen the decline in reallocation rates, we require a higher dispersion in productivity shocks. Third,
these indirectly cause a decline in fixed costs relative to total costs as incumbents become larger on the

intensive margin of employment. We require a direct increase in average fixed costs via ¢.
4.3 Discussion
Before proceeding to our results, we briefly discuss decisions made when quantifying the model.

Measuring overhead. The three key moments that we have chosen from the data help us quantify the
model. It remains an open question how well the data moments represent their counterparts in the model.
Empirical SGA is widely used in the literature to measure intangible capital and overhead in quantitative
applications of models of the firm (see amongst many others De Ridder, 2024; Crouzet and Eberly, 2019;
Eisfeldt and Papanikolaou, 2014). Of course, SGA is not an ideal measure of fixed cost, but it gives a
fairly accurate indication of costs that are not variable, including Research & Development, Marketing and

Advertising, and management salaries.?8

27This setup uses 550,000 model evaluations in the first stage which takes about 5 days of parallel computing time. If we were
to perform this calculation for time-varying a-9% and 7, the computational time would be multiplied by 44.
2Measuring fixed costs across a range of industries and sectors of the economy is notoriously hard and complicated by a

variety of measurement challenges. In fact, a distinct literature recovers estimates of fixed cost (common across producers in a
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Figure 2: Model fit - Moments

Notes: Moments are computed annually, and the model is estimated year by year. We then apply a five-year centered moving
average, which is plotted here.
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Figure 3: Parameter estimates
Notes: The number of entering firms in Panel A is the unweighted average of M; across markets.

Time-varying returns to scale. When computing firm markups in the data, we allow for time-variation
in acogs. Hence, markups measured from the data are consistent with the variation we allow in the
production function over time in the model. Accommodating time-varying returns to scale is important
to obtain correct output elasticities, which directly enter the computation of markups, which themselves
are important to adequately estimate the model. We find evidence of increasing returns, which are mostly
rising over time.” In Figure C1 in the Appendix we plot the estimated returns to scale that hover around

1.02, with a peak up to 1.07 just after the Great Recession. Despite this, we find that whether we allow

market) by specifying a particular model of entry, consumer demand and production. However, admitting firm heterogeneity,
oligopoly, entry and general equilibrium effects (as in our setup) complicates this approach tremendously.

2The finding of increasing returns that have shifted upwards over time is consistent with other work. See for example Chiavari
(2026), and alternative estimation techniques using the method proposed in Syverson (2004), for example as applied by De Loecker
et al. (2020).
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Figure 4: Moments under average values of E[M;], E[¢;], E[0}], with acogs and ag ¢ varying

for variation in returns to scale over time or simply assume constant returns to scale in the model matters
very little for our main results. Specifically, given the time-series of moments, we obtain similar estimates
of {01, ¢1, M} in our benchmark exercise where acogs; and ak; are allowed to vary over time, versus a
case where acogss + ax¢ = 1 in all periods, and acogs; is replaced with its time-series average. This
delivers an important result: time variation in returns to scale and output elasticities is crucial to correctly
estimating output elasticities and hence markups, but technological change via 0; and ¢ is key to match

the time-series of markups, business dynamism and the overhead cost share.?

Alternative estimates of output elasticities. Our procedure for estimating output elasticities acocs and
ag ¢ accounts for the biases identified in recent work (see De Loecker et al., 2020; De Ridder et al., 2026;
Bond et al., 2021). We account for endogeneity bias, omitted price bias, and unobserved quality differences.
De Loecker and Eeckhout (2026b) show that differences in commonly used production function estimation
approaches yield negligible differences in estimated output elasticities compared to simply first-order con-
ditions and cost-shares. Since different methods for estimating acogs deliver similar estimates, they agree
on the implications for markups: the increase in markups is not driven by an increase in acogs ¢, but rather
by the decline in expenditure share on COGS.

The bottom line is that the estimated time-series changes in acocs and ak; have very small effects on
the moments used to estimate the model. In Figure 4 we fix M;, ¢; and o; at their average over the sample
period. We then solve the model under time-varying acocs: and ag ;. Compared to the baseline model,
the aggregate markup is flat, while the reallocation rate is relatively flat after 1982. Changes in output

elasticities lead to changes in the fixed cost share, but the large increase is due to changes in M;, 0%, ¢.

Alternative estimates of firm-level markups. We use equation (20) for publicly traded firms to measure
markups, but we could also use the markups estimated using different methods. One alternative is to
follow Ederer and Pellegrino (2025), which uses a structural model building on a network approach to

back out markups for all publicly traded firms. Another is Deb et al. (2022), which uses an alternative

30Gee also Foster et al. (2022) for the changes in technology over time.
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method to estimate firm-level markups using the U.S. Census” LBD database with the universe of firms.
In both cases, the distribution of markups, and in particular the sales-weighted average, is similar to that

which we obtain. Our results are thus robust to different measures of markups.

Alternative weighting to obtain aggregate markup. Holding the individual markups fixed, aggregating
by costs rather than sales generates aggregate markup estimates that tend to be lower and show less of
an increase (see among others Basu, 2019; Syverson, 2019; Hall, 2018; De Loecker et al., 2020; Edmond
et al., 2023). For an extensive treatment of the difference between cost and sales weighted markups, see
De Loecker and Eeckhout (2026a). We address this simply in Section 8 by showing that our main results

are robust to replacing the data moment with the cost-weighted markup and doing the same in the model.

Time-invariant preferences. Holding all parameters fixed, we could match the series for markups via a
single time-varying preference parameter, 7. Our position is that this would be unsatisfactory. Nonethe-
less, some time-variation does seem necessary to match the data. The model matches the three moments
everywhere very well, except for the markup in the first few years. The estimated elasticity of substitution
17 puts a lower bound on the markup y;; = % Under the estimate 7 = 4.81, the lower bound is 1.26,
attainable with infinitely many firms in each market. With this elasticity, the model can thus never reach
the empirical markup of 1.21. To get close to this value requires a large number of firms, and hence the high
initial value of M. This raises the question of why the estimated 7 is so low. There are two reasons. First,
as described in equation (11), productivity differences are accentuated by increasing returns in markups,
leading to higher markups. Second, we estimate the time-invariant elasticities of substitution that best fit
the three moments in all years. The lower 7 fits the later years better, mainly due to the returns to scale.
In Section 8, we allow 7 to vary over time, improving the fit via a higher # in the earlier period. This is
consistent with work on specific markets that finds that the elasticity of substitution between goods has
fallen over time (see for example Dopper, MacKay, Miller, and Stiebale (2025) and Brand (2021)).

Summary. Our model fits the data well with few degrees of freedom. With the quantitative model in
hand, we now proceed in three steps. To provide additional support to the results that follow, Section 5
validates the model against non-targeted aggregates and cross-sectional moments over this time period.
Section 6 then decomposes the role of technological change and market structure, via ¢, 03, and M;, on
aggregate wedges, outcomes and welfare. Section 7 decomposes the role of technological change and

market structure on the measured aggregate markup and business dynamism.

5 Validation - Aggregates, Business Dynamism, and Markups

Over-identifying tests of the model confirm its empirical relevance for future work and support the results
that follow. We study (i) the time-series implications for aggregates; (ii) the time-series implications for
entry and exit rates and the composition of job creation and destruction; and (iii) the time-series of the

decomposition of the average markup into reallocation and direct effects.

5.1 Aggregates - Labor share, wages, employment

Figure 5 compares the model’s prediction to data on the labor share, real wage and employment.
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Figure 5: Validation - Aggregates

Notes: In Panel A, data is the labor share, built as compensation of employees over GDP net of proprietors” income and net
production taxes following Karabarbounis (2024), on BEA data through 2023, in percentage point differences from 1980. In Panel
B, data is average hourly earnings of production and non-supervisory employees from CPS, normalized by TFP from Penn World
Tables, in log differences from 1980. In Panel C, the thin solid red-line plots the time series of the employment-population ratio for
prime-aged men multiplied by the population of prime-aged men in 1980, in log differences from 1980. The red dashed line gives
a quadratic fit to this data from the earliest data available (1977) through to the end of 2019, before the series declines sharply due
to the Pandemic Recession.

Labor share. Data on the decline in the labor share follow the construction of Karabarbounis (2024),
plotted in red in Figure 5A. The labor share declined by 6.1 percentage points between 1980 and 2023 (raw
annual endpoints); as drawn—the figure applies a five-year centered moving average whose windows
shrink at the sample ends—the line ends 4.7 percentage points below 1980. In the model, the aggregate

labor share consists of two components:

Wip:
Sales;;

LS =Y (Sszlle:st> LSy , LSy=LShod 4 159% 18Pl o weogs iyt , LS9
it t

One piece is due to production labor and depends on markups; the other is due to overhead labor: the

sales weighted average of overhead labor to sales. Higher markups imply lower shares of payments to

labor, meanwhile higher overhead costs increase the share of payments to labor. This is closely related to

our targeted moment: the sales-weighted average of overhead in total costs.

Figure 5A shows that the model closely matches the data. While the sales-weighted markup increases
by 38.2 percentage points, from 1.21 in 1980 to 1.59 in 2023, the labor share decreases by 3.5 percentage
points in the model and by 4.7 percentage points in the data. The increase in overhead production costs is
quantitatively relevant in dampening the decline in the labor share. Absent this increase, the labor share

would have fallen and additional percentage point.

Wages. A key implication of our model is that as market power increases, wages decline. This is due

to the general equilibrium effect from the decline in labor demand, and occurs even with a competitive
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labor market.3! Firms with market power sell less at higher prices. For a given equilibrium wage, they
hire fewer workers, and hence in equilibrium the economy moves down along its labor supply curve. This
general equilibrium effect in turn leads to a decline in the wage rate W;, as markups create a wedge between
productivity and wages. As discussed above, the divergence of wages and productivity is another way of
thinking about the decline in the labor share, but nonetheless worth describing. Here we directly compute
W; relative to TFP; rather than using the labor share as the starting point.*

The model and data measurements of W;/TFP; align closely, with a 20 log point decline in wages
relative to TFP. This is potentially a striking insight: a decline in competitiveness in the output market
causes a sharp decline in wages, even if wages are determined in competitive labor markets. This finding
is consistent with Deb et al. (2022) who allow for market power in both the labor market (monopsony) and
in the goods market (as in the current model). Both lead to a decline in wages. Their main finding is that
the majority of the gap between productivity and wages is due to the general equilibrium effect stemming

from market power in the output market and not due to the direct effect of monopsony power on wages.

Employment. The trend decline in employment in the data is 6.9 log points.’> The model generates about
three-quarters of this decline. Note that not all of this decline is due to the decrease in the number of firms
in the economy, which happens early in our sample (Figure 3). Higher fixed costs and greater dispersion
in productivity shocks also lead to higher markups, thus contracting labor demand (recall Figure 1). We

implement this decomposition exactly in Section 6.

5.2 Changes in business dynamism

Data. Figure 6 shows that in the Census BDS data the rate of firm entry has declined by around 1.7
percentage points from 1980 to 2023, reaching a trough 3.0 percentage points below 1980 in 2018. At the
same time, the composition of total job creation and job destruction has shifted: less creation due to entry,

and less destruction due to exit.3
Model. The model accounts for these changes over time, with similar declines over the period in the
entry rate of firms and shifts in the composition of job creation and job destruction. Job creation due to

entry in the model generates an increase in the 1980s that we do not observe in the data.

31In a setting with monopsony, Deb et al. (2022) find that this general equilibrium effect on wages is bigger than the effect of
monopsony and accounts for 75% of the increase wage-productivity gap.

$2Comparing the wage in the model and the data is difficult due to trend changes in total factor productivity in the data. We
can think of TFP in the data as having a component due to growth from research and development and so on, and a component
due to the allocation of resources across firms. We cannot separate these in the data, while our model endogenously generates
the latter. Dividing the wage in the data and in the model by total factor productivity takes growth out of the data, leaving
the allocative component which we can compare to the model. In the data, we (i) compute W; as average hourly earnings of
production (goods and services) and non-supervisory employees from the BLS, (ii) take TFP; from the Penn World Table, TFP
data: https://fred.stlouisfed.org/series/RTFPNAUSA632NRUG. In the model, (i) we have the single wage measure W;, (ii) TFP;
is simply output divided by employment.

33To construct an empirical measurement consistent with the model, we remove non-modeled trends and cycles. To remove
population growth and changes in female labor force participation from the data we fix the male ‘prime-age” 25 to 54 population
at its level in 1980, then apply to this the employment-population ratio of the same demographic group from 1981 to 2023. To
remove cycles, we fit a quadratic trend to log employment from 1977m01 to 2023m12. Figure 5 plots the log difference in this
trend relative to 1980, along with the underlying data.

34Gee also Kehrig and Vincent (2021) for the micro evidence on the relation between business dynamism and the labor share.
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Figure 6: Validation - Entry and the composition of job creation and job destruction

Notes: Data are from the Census Business Dynamics Study. Series are first smoothed with a five-year centered moving average
and then plotted in differences from 1980. The series for job creation and job destruction are the share of total job creation and job
destruction accounted for by firm exit and firm entry, respectively, at an annual frequency.

Mechanism. Endogenous market structure is, through the lens of the model, key for understanding de-
clining entry rates and the composition of job creation and destruction. The dominant mechanism is the
increase in fixed costs. This lowers the likelihood of entry, and hence job creation and destruction shift in
the direction of incumbents. Hence, higher overhead shape the extensive margin reallocation of firms (firm
entry rate) and employment (job destruction by exit and job creation by entry). We find that, the ratio of
average size of entrants to average size of incumbents remains constant, consistent with observations in
Karahan et al. (2024).

5.3 Decomposing changes in markups

Next we contribute to the study of the evolution of markups by showing that the model, which matches
average markups, goes a considerable way to endogenously replicating the empirical decomposition of
markups into reallocation, within-firm markup growth and changes in composition due to entry/exit.

Data. In the estimation of the model we targeted the sales-share-weighted average markup i, = Y m;; i,
where mj; is the sales share of the firm in the economy. Following De Loecker et al. (2020), we decompose
Aji, into components due to (i) changes in market shares (A Reallocation), (ii) changes in markups them-
selves (A Within), and (iii) the effect of Net entry as follows:

Ay =Y fieabmp+ Y ApglAmp+ Y mp A+ Y famg— Y fip—imig_q. (23)
l‘EItﬂIt,l iEItﬂI[,l I'EIfﬁIt,1 l’EI[\It,] iGIt,1\It

A Market share A Cross term (ii) A Within (iii) Net entry

(i) A Reallocation
Here p;y = piy — #,_q, and pj—1 = pip—1 — H,_q, and Z; is the set of firms in period ¢. Figure 7A plots this
decomposition, and shows that initially the within and net entry components increase somewhat, but by
the end of the sample period their effect is small. The vast majority of the change in the data is due to
reallocation as higher markup firms capture a larger fraction of sales even if their markups do not change

much.
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Figure 7: Validation - Decomposition of the change in the sales weighted markup using equation (23)

Model. Figure 7B shows that the model generates a very similar attribution of the increase in markups to
the different components. The within component in the model is more negative and the reallocation and
net entry components are slightly more positive than in the data. Given this decomposition is not targeted
in the estimation, it is remarkable that our simple model can generate such a close pattern to the data.
That the reallocation term drives the rise in aggregate markups largely reflects the increase in the dis-
persion of sales shares. Changes in M, ¢, and ¢ not only affect firm level markups but also reorganize the
distribution of sales. Consider ¢. In our model with oligopolistic competition, firms that are more produc-
tive obtain higher market shares as they can compete more effectively against firms with lower productiv-
ity. Hence, the increase in ¢ in Figure 3B leads to a higher Reallocation term. Reallocating economic activity
toward firms with high markups and high productivity has important efficiency implications. Production
by high productivity firms increases efficiency, but the variance in productivity between competing firms,
exacerbated by fewer potential entrants and higher fixed costs, leads to more rent extraction and higher
markups. This is the heart of the trade-off between productive efficiency and market power, which we

return to below as we compute the welfare implications of the model.

Contrast with Baqaee and Farhi (2019). Note that this exercise stands in contrast to the exercise in Baqaee
and Farhi (2019). There, the authors take the time-series distributions of markups and sales shares directly
from the data, treating them as primitives. These are then aggregated into wedges that are propagated one-
by-one through macroeconomic equilibrium conditions. Here we move the parameters { M;, 03, ¢+ fng’%o,
which generates an endogenous joint distribution of markups and sales shares that accounts for the cross-
section over time, and generates correlation among the reduced form aggregate wedges, which we now

turn to.
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Figure 8: Effect of each parameter on output and welfare

Notes: This figure plots the effects of changing parameters independently for each aggregate. For example, the red line gives the
time-series of wedges implied by feeding only the estimated time-series for {Mt}fg?%o into the model, keeping ¢; and o fixed at
their estimated 1980 values.

Summary. As well as accounting quantitatively for aggregate and cross-sectional time-series patterns in
markups and business dynamism, we have shown that the model accounts well for key aggregate trends.
This is an important step as these are exactly the objects that we seek to decompose into parts due to

changes in technology and those parts due to changes in market structure.

6 Results - Implications for Aggregates

What are the aggregate implications of the changes in technology and market structure that we have iden-
tified? As a first step, Figure 8 plots overall declines in output Y; and welfare U(C;, Ny), decomposed into
the effects of each parameter independently. Later we plot consumption equivalent welfare changes. Over
the sample period, the model implies a large decline in output and welfare of approximately 6 and 5 per-
cent, respectively. This masks large, opposing, underlying effects due to changes in technology and market
structure.

The aim of the rest of this section is to understand these effects. A brief summary of our results is
as follows. First, reallocation toward more productive firms due to the increase in the dispersion of TFP,
o, increases output (and welfare) peaking at the end of the sample at 28 percent (27 percent for welfare).
Second, and in the opposite direction, is a negative effect due to the rise in overhead costs, ¢. Output
declines directly via fewer resources used in production. The effect of a decline in potential entrants M is
slightly positive but small. While this might be surprising, we find an important indirect effect of lower M:
fewer incumbents implies less duplication of overhead in the economy, reallocating labor to production
and offsetting the negative effects due to market power.

We arrive at these results in three steps. First, we use aggregate equilibrium conditions to view output
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and welfare through the lens of a representative agent economy with endogenous wedges. Such wedges
are often presented as sufficient statistics for aggregate outcomes, but in our model are correlated via
changes in underlying parameters. Second, we compute these wedges in the model, and use them to
decompose output and welfare. Third, we decompose each wedge into the contribution of each primitive
— technology (¢ and ) versus market structure (M). None of these results rely on any local approximation
of the model.

6.1 Macroeconomic wedges in equilibrium conditions

We extend the conditions from Section 2 to the full quantitative model via equations that pin down output

and capital given goods market and labor market clearing.
1/ «COGS

(g) ak/xcoGs (24)

R

S
Goods market clearing: — = a®0¢° (Zl;n>

Total labor demand: = Nppg+P , W= (“COGS> Y , D= qb/M]-dj

N -
U NProd
Total labor supply: N = pW?
W/ aCOGS
K = <R/tXK> Npyod
Capital supply: 1 = B[R+ (1—9)]
Output: Y = ZK¥N&

rod ’

Capital demand:

Y := QY

This representation leads us to name the four macroeconomic wedges {Z, j1, (0, @}, as productivity, markup,
misallocation and fixed costs. Given the wedges these 8 equations solve for {P, W, N, Np,,4, K, R, Y, 17} The
wedges can be computed using only firm level productivity and markups following equations (12) and
(13) from Section 2. An alternative representation makes clear the role of market power in the economy:
. L yl=v 1/y R\ /7 W acocs/ Y ~ - 1\ ~
P=uxMC , MC= ( - ) (M() (aCOGS> , Y = ZKM*Njoss |y = (Q) Y. (25
Aggregate price is a markup p on the marginal cost that one would derive from an aggregate production

function with productivity Z. This distorts output, as variable factors are not priced competitively. Final
output Y is further distorted by misallocation ) > 1. Recall that if firms have identical markups, then

Q) = 1, but if markups and productivity are positively correlated—as is the case in our model—then () > 1.

6.2 Output and Welfare

Output. Using this representation output can be expressed in terms of total labor usage and measured total

factor productivity:
1 1 * XK NJXCOG
Y = <~)< )(SZ)K N#cocs, (26)

Measured TFP
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Figure 9: Decomposing output into components due to endogenous macroeconomic wedges

Notes: Panel A plots the cumulative decomposition of output according to equation (28). Panel B plots consumption equivalent
welfare losses relative to 1980 A;, along with the decomposition of the first order approximation of these welfare losses from

equation (29). The approximation /\?p %% which decomposes into the alternative terms, is close to the actual A;.
where
—6+6
(r=ym+1)(0-1) =
- N XCOGS 1 1 M . ﬂ;ﬁlﬂ (1=1)(y—0+0) 7
=+ Z5 =M —Yz" ' = 27
(vos) ~ 7-M WL dj S s=2 @)
B ——
Fixed cost adjustment T Selection
Latent Productivity

This expresses output in terms of total factors and wedges which are endogenous in our model. The
wedge @, which is increasing in total overhead labor ®, reduces output through the diversion of labor
toward overhead activities, while the misallocation wedge () distorts output.

Equation (26) further splits the productivity term Z into two components, which we find useful below.
The first, Z*, is exogenous and depends only on the parameters ¢ and M. This Latent productivity is the
productivity of the economy under constant markups, and entry of all potential firms. The second, S, is
a Selection term. If, endogenously, actual entrants become more positively selected on productivity then S
increases. This is purely accounting, but separates out exogenous and endogenous forces. As an example,
a change in the distribution of productivity via an increase in ¢ will show up directly as an increase in Z*
due to convexity in z;;, but also indirectly through higher equilibrium S: higher productivity at top firms
reduces the profits of small firms, leading some small firms to drop out and S to increase.

Our main result is that the output gains generated by an improved distribution of production technol-
ogy and selection are eroded by markups and technological change that has increased fixed costs. The log

difference in output between year t and 1980 can be written in terms of log differences in these wedges,
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using x; = log X; — log X1080.%°

(14 @)zt — (ax + @) pt — P (28)

fry _(U,
4 acogs + (1+¢@)(1—1) :

Figure 9A plots the terms in this decomposition. Markup and fixed cost wedges, alone, would have led
to around a 20 percent decline in output: 12 percent from markups, and 8 percent from the rise in fixed
costs.*® While misallocation effects are small, the 20 percent decline due to markups and fixed costs is
half offset by the combined increase in productivity due to innate changes in the productivity distribution
(due to higher variance in the shocks) and better selection conditional on this distribution (the selection of
firms that enter are of higher productivity). Appendix Figure E2 finds similar results when decomposing
employment, wages and labor productivity.?”

This is a key insight from our analysis. Output declines by 6 percent, but underneath this net decline,
there is a much larger decline that is partly offset by the increase in productivity. This shows that tech-
nological change plays a key role in the evolution of market power. Firms in the tail have become more
productive while incurring higher fixed costs. This has lead to fewer firms entering, and those that do,
keep more of those productivity gains as profits, resulting in higher deadweight loss. The net effect is
negative as more productive firms extract even more rents.

Welfare. We can apply a similar decomposition to welfare. We measure welfare in consumption equiv-
alent terms, and compute the change in consumption A required to make the 1980 household indifferent
with respect to the period t allocation: U((1 + A¢)Ciogo, N19so) = U(C, N;). We take a first order approx-
imation around (Cyos0, N19gp) under 6 = 1. This expression conceptualizes the effects of markups and
misallocation as races against offsetting productivity effects:

~ ag + (7 — Is1980)
M~ (“cocs+(1+(p)(1—v)) (Zt_l’lt) +(Zt—CLJt> (29)

Productivity vs. Markups Productivity vs. Misallocation

B ( 1 n Is19809(1 —7) ) é
acocs + (1 +¢)(1—7) " acocslecocs + 1+ @)1 —7)]) "

Fixed costs

where Is19g9 is the 1980 labor share WN / PY. Figure 9B implements (29) and shows that welfare declines by
5 percent, about the same amount as output. While productivity effects more than offset the welfare losses
due to misallocation, the increase in the markup wedge counteracts these effects, leading to a decline in
welfare. Similarly, there are large welfare costs associated with the shift in employment toward overhead.
As with output, underneath the 5 percent decline in welfare, there are large offsetting effects that our model

is necessary to tease out.

5The parameters xcogs, g and 7y are fixed at their 1980 level.

36Real output in the U.S. economy grew by 2.63 percent annually over this time, while the model implies an annual growth
rate of minus 0.14 percent. This implies an offsetting trend in aggregate productivity growth of ¢ = 2.77 percent per year. In
the model we set [E[z;;] = 1. One could include this aggregate productivity growth at rate g by (i) setting E|z;;] = (1+ g)’, (ii)
incorporating balanced growth preferences, and (iii) scaling fixed costs g'¢. One could also include expanding varieties via the
number of sectors |, which we assume is constant.

37 Appendix Figure E1 plots the time-series for each of {z},s¢, ¢r, wi, pt }-
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Figure 10: Decomposing output and total factor productivity

Decomposing measured total factor productivity. Decomposing output into its standard components
shows that the 6 percent decline is nearly equal parts due to capital and labor, while TFP is relatively
unchanged by the end of the sample (Figure 10A). Panel B shows again the rich offsetting forces. Alone,
the change in the composition of labor inputs away from variable and toward fixed factors would have
reduced TFP by more than 6 percent, with a modest 1 percent decline due to misallocation. Off-setting
these are increases in productivity after 2000 through the two channels in (26), both of which account for
around a half of the increase in Z. Latent productivity increases by over 3 percent as dispersion ¢ widens,

and additional selection due to reduced entry further increases TFP by 2 percent.

Reduced form vs. structural decomposition. Our discussion of Figure 9 is a reduced form decomposi-
tion. If presented with sufficient data one could measure the reduced form wedges {z;, wy, ¢y, 1} as resid-
uals from a just-identified system of aggregate equations such as (24). One could then change each wedge
and use the same set of conditions to solve for counterfactual paths for aggregates. A key implication of our
analysis is that this approach would ignore the underlying correlation structure of these wedges induced
by the primitive changes in the structural parameters of the economy: {¢:, M;,0;}. Estimating our model
over time allows us to unpack this correlation structure and account for wedges in terms of primitives,

which we now turn to.

6.3 The role of market structure and technology in determining aggregate wedges

Now that we understand how the quantitatively relevant wedges {z}, s, yt, @} shape aggregates, we can
use the model to understand the contribution of structural change in each primitive {¢;, M}, 0;} to each
wedge. We hold all parameters fixed at their 1980 values, then feed in one parameter at a time, plotting

each wedge in Figure 11.
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Figure 11: Effect of each parameter on the five wedges

Notes: This figure plots the effects of changing parameters independently for each wedge. For example, the red line gives the
time-series of wedges implied by feeding only the estimated time-series for {Mt}fgﬁggo into the model, keeping ¢; and o fixed at
their estimated 1980 values.

Productivity (z;). Latent productivity z; increases by around 3 percent, which by construction is almost
entirely driven by the increase in dispersion of productivity from 2000 onwards. Earlier on in the sample,
the decline in M; leads to a large increase in z;. Recall that z; contains (1 — ;) log M;. With increasing

returns, moving all production into fewer firms yields efficiency gains.

Selection (s;). This change to the productivity process also has positive effects through selection that
amplify the effect on latent productivity. With a high enough entry cut-off, increasing dispersion in pro-
ductivity oy increases mean productivity conditional on entry. Higher fixed costs ¢; increase the threshold
for firms to enter in each market, having the largest effect on selection. Finally the decline in the number of
firms M; substantially reduces selection. With fewer firms, the profits associated with being an incumbent
firm increase, the entry threshold falls, and the productivity of the marginal entrant declines. Remarkably,
endogenous negative selection due to change in market structure offsets much of the positive selection

gains due to increasing ¢;.

Markup (p4).
ket structure. It may be surprising that the dispersion in productivity has negligible effects. Higher fixed

The aggregate markup wedge is driven by technology via increasing fixed costs, and mar-

costs ¢; and lower competition M; both increase markups through a similar channel: fewer incumbent
firms operating. Interestingly, when both changes are operating the decrease in M; serves to dampen the
effect of the increase in ¢;. Each sector is granular, hence a decline in M; makes the distribution of z;j;
sparser. When the distribution is sparser, an increase in fixed costs leads to a smaller reduction in the

number of incumbent firms, and a smaller increase in markups.3®

Fixed costs (¢x).

directly increases the fixed component of labor. The increase in the dispersion of productivity after 2000

Clearly the increase in fixed costs is driven by an increase in the parameter ¢, which

381ntuitively, if there are two firms, one with z; far below the cut-off and the other with z far above the cut-off, then a change
in ¢ has no impact on markups. Declining M makes such scenarios more likely.
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Figure 12: Decomposing the increase in sales-weighted markups and decline in business dynamism

Notes: This figure plots the effects of changing parameters independently for each wedge. For example, the red line gives the
time-series of wedges implied by feeding only the estimated time-series for {M;}?°3} . into the model, keeping ¢ and o} fixed at
their estimated 1980 values.

reduces this wedge, as increased productivity for large firms increases their employment of variable labor,
reducing the economy’s proportional use of overhead labor. The decline in M; has a large negative effect
on the use of fixed costs: overhead is not duplicated across many firms.

We have now resolved an important puzzle from the decomposition of output (Figure 8): the slightly
positive effect on output of the decline in M;. Tracking the red M; lines across Figure 11 shows that the
increase in the markup wedge due to M; is offset by the increase in latent productivity and decline in

overhead costs.

Summary. In this section, we have shown not only that understanding changes in market structure and
technology is important for understanding the set of macroeconomic wedges described in Figure 11 and
hence aggregates, but understanding how these changes affect these wedges jointly is also important.
Changes in market structure and technology alone, can lead to severely different predictions for misal-

location, markups and productivity, with different effects on macroeconomic aggregates.

7 Results - Implications for Measured Markups and Business Dynamism

We find that understanding the interaction between changes in market structure and technology is also
important for understanding how measures of the average markup and business dynamism have changed
over time. From a positive perspective, understanding what is going on behind these statistics is of inde-
pendent interest to economists. Figure 12 plots each moment as we feed in the estimated time-series for

each parameter independently.

Increasing sales-weighted markup. The joint effects of technology and market structure shape the sales-
weighted markup 7,. A decline in competition by itself, via a lower M;, raises the measured markup
by half of what is observed in the data. On the other hand, an increase in fixed costs by itself increases
the measured markup by twice what we observe. Together they partially offset for reasons we already

understand: the decline in M; dampens the selection effect of ¢; by reducing the density of firms around the
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exit threshold (Figure 11B). This presents a useful heuristic understanding of the evolution of the average
markup. Half of the increase in the markup is accounted for by declining competition (due to M; by itself),
with the remaining half is due to higher fixed costs ¢; inducing improved selection, which reallocates sales

to high productivity, high market share, high markup firms.

Declining business dynamism. The observed decline in business dynamism of around 6 percentage
points emerges as a balance of strongly offsetting forces. The decline in competition through M; increases
firms” market shares, reducing the absolute values of their demand elasticities, |¢(s)|, and passthrough
X (s), which dampens responsiveness to productivity shocks. Alone, this would have led to a decline in
business dynamism more than three times what we observe.

Off-setting this are two forces. Larger productivity shocks have a modest effect that offsets a quarter
of the decline due to M;. More importantly, higher fixed costs lead to significantly higher labor realloca-
tion. via increased job turnover on the extensive margin of entry and exit. While the model matches the
empirical decline in the fraction of job destruction due to exit when all parameters are changing (Figure 6),
an increase in ¢; alone would increase these terms dramatically. Once more, the interaction of declining

competition and changes in technology are necessary for understanding a key aggregate trend.

8 Robustness

We conduct three robustness exercises in which we re-estimate the model: (i) allowing # and 6 to vary
over time, (ii) replacing Cournot competition with Bertrand, (iii) replacing sales weights with cost weights

when computing the target aggregate markup. We also discuss the implications of adjustment costs.

1. Time-varying preferences. In our main exercises, we estimate the demand parameters  and 0 that are
crucial for determining the demand elasticity, which in turn is key for the markup. We assume that these
demand parameters are constant over the period of our investigation. However, over this 44 year period,
preferences may have changed. To allow for the possibility of changing preferences, we separately estimate
the elasticities in two windows, that split the sample in two equal periods of 22 years each: 1980-2001 and

2002-2023. We use the same estimation method as in the benchmark model.

Full sample 1980-2023  (1.14, 4.81)

Split sample 1980-2001  (1.10, 4.90)
Split sample 2002-2023  (1.12, 4.06)

Table 3: Robustness - Preference parameters (6, 1) for different time periods

Table 3 reports the estimated elasticities for these two periods. There is virtually no change in the
estimated elasticity 8 over the two subperiods compared to the full period. Instead, the estimated elasticity
n varies: 7 is 4.90 in the first subperiod and 4.06 in the second. To match the data, goods within a market
have become less substitutable (more complementary). This is consistent with work on specific markets
that finds that the elasticity of substitution between goods has fallen over time (see for example Dopper,
MacKay, Miller, and Stiebale (2025) and Brand (2021)).
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Allowing for these changes in 77 and 6, Figure D1 plots the three data and model moments for all years,
and Figure D2 plots the estimated parameters. As we can observe, the model moments still match the data
moments very well, and there are no notable differences in the estimated parameters from the baseline

model. Hence, all implications that follow in the baseline analysis also apply here.

2. Bertrand competition. We repeat the estimation exercise under Bertrand competition, keeping the
demand parameters fixed at their estimated values and re-estimating the three time-varying parameters in
every year. Figure D3 shows the resulting fit, and Figure D4 reports the corresponding parameter series.
The Bertrand specification matches the reallocation rate and the fixed-cost share well, but the overall
fit is better under Cournot. Under Bertrand, the relevant firm-level elasticity is the arithmetic mean of the
two demand elasticities, whereas under Cournot it is their harmonic mean. Since the arithmetic mean is
higher, Bertrand generates lower markups, particularly for high-share firms. This compression of markups,
especially at the top, also reduces the sales-weighted markup. Consequently, the Bertrand model reaches
data-like markups only at parameter values that deliver near-monopoly. To get fewer entrants, the fixed

cost must be higher and M lower. This deteriorates the fit of other moments.*

3. Cost-weighting the aggregate markup. We repeat our estimation exercise using the same reallocation
and fixed-cost-share targets, but replace the sales-weighted markup target with markups weighted by
costs. Because our model is specified with overhead labor and capital, our cost measure includes those
costs as well as the variable production cost. Figure D5 plots the model fit for the three moments. The fit
is remarkably similar to the fit using the sales-weighted markup. Figure D6 shows that this change of the
aggregate markup moment does not substantially change any conclusions regarding the underlying paths

of market structure and technology inferred by the model.

Adjustment costs. In reality, frictions other than market power may affect the equilibrium outcomes. One
prominent candidate is adjustment costs. There is a long literature modeling and estimating economies
where investment requires adjustment costs. Asker et al. (2014) show that higher adjustment costs lead to
greater dispersion in the marginal revenue product of capital and hence wedges as measured in Hsieh and
Klenow (2009). Decker et al. (2020) link the decline in business dynamism to higher adjustment costs. Pro-
ductivity shock volatility has not declined, yet there has been less of a response to those shocks, translating
into a decline in business dynamism. Like higher markups, higher adjustment costs can lead to lower
passthrough, even if each has different overall effects. Analyzing the effect on business dynamism and
welfare by running a horse race between markups and adjustment costs requires a fully dynamic model
to incorporate the investment decision with adjustment costs. Currently, to capture the full heterogeneity
of firms in imperfect competition in conjunction with free entry, we already reach computational limits in
our simple static setting. To incorporate adjustment costs would necessarily require giving up on many

interesting features of our existing model.

39Note that we have used the demand elasticities that we estimated under the baseline model, i.e., estimated under Cournot.
We conjecture that if we re-estimated the elasticities under Bertrand, those elasticities would be different and the fit of the moments
would improve.
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9 Conclusion

Different measures suggest that market power has increased in recent decades, and this has potentially
far-reaching aggregate implications for consumers and workers economy-wide. To measure the factors
underlying this trend, we introduce a framework that features strategic interaction between oligopolistic
firms in small markets, embedded in a large economy. Entry of firms is endogenous, and both technology
and market structure affect equilibrium outcomes in the product and labor market. We do this without
imposing the definition of a product market, or the particular market structure. Instead, we let the data
speak through a rich micro-founded model of the macroeconomy, which implicitly pins down these objects.
This is an important aspect of our analysis, and our approach underscores the notion that computing and
inspecting traditional measures of industry concentration (such as HHI), is not sufficient to asses the source
and impact of market power, especially in a macro context.

Given our measurements, our counterfactual exercises evaluate the distinct role market power plays
in shaping overall business dynamism in the economy. Both technology and market structure are neces-
sary ingredients to explain the evolution of the major secular trends in the U.S. economy. Technological
change, predominantly through rising fixed costs, causes an increase in markups. Together with a change
in market structure, through a reduction in the number of potential competitors, this leads to a decline in
business dynamism as measured by lower job creation and destruction rates. Imperfect competition in the
product market that jointly determines how markups and labor demand react to changes in technology (be
it in productivity or in the shift toward high fixed-cost production technologies). The decline in business
dynamism is thus rooted in an incomplete passthrough of productivity shocks.

We then assess the broad macroeconomic implications of the rise in market power, which we find are
extensive and quantitatively large. Even though the labor market is competitive, wages drop due to general
equilibrium effects of increasing market power. With upward-sloping aggregate labor supply, our model
implies a decline in labor force participation and employment consistent with the data. This also accounts
for the decline in the labor share.

Throughout, we underscore the importance of jointly allowing for technological change and changes in
market structure to explain numerous secular trends in the U.S. economy. Important opposing forces net
out to a negative welfare effect of around 5 percent. Welfare increases substantially due to the reallocation
of business toward more productive firms. But this is more than offset by these firms’ use of their domi-
nance to extract rents from customers. Our model and results thus unify what may seem like contradictory
findings: decreasing relative prices yet increasing markups.

In terms of economic mechanisms, we focus on the role of the market structure (the number of poten-
tial competing firms), and technology (fixed costs and the variance of firm productivities). There are of
course many other potential explanations, though many explanations are subsumed in our model even
if not explicitly modeled (for example where productivity is a choice as in Sutton (1991, 2001); De Rid-
der (2024)). We have explicitly chosen not to include demographic change, which, though it does play a
role, can only explain a small part of the decline in business dynamism (see Hyatt and Spletzer, 2013). Of

course, the fundamental technology parameters that we identify as the “causes” may themselves be deter-
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mined endogenously through innovation decisions. The increased dispersion of productivity may be the
result of changes in the way knowledge diffuses between firms (Akcigit and Ates, 2021) or of the declining
investment in innovation by smaller firms (Olmstead-Rumsey, 2019).

Our analysis of welfare and the decomposition of output indicate that policy implications are more
subtle than myopically addressing market structure. Splitting up dominant firms may decrease rent ex-
traction, but will also destroy efficiency gains under our estimates of increasing returns, and duplicate
overhead which diverts labor from production. A simple attribution of rising market power to a weaker
antitrust policy is not supported by our findings of higher efficiency of dominant firms. Instead, analyzing

the impact of the dominant position of firms on product and labor market outcomes is first order.

40



References

ACEMOGLU, D., V. M. CARVALHO, A. OZDAGLAR, AND A. TAHBAZ-SALEHI (2012): “The network origins of aggre-
gate fluctuations,” Econometrica, 80, 1977-2016.

AGHION, P, A. BERGEAUD, T. BOPPART, P. J. KLENOW, AND H. LI (2023): “A Theory of Falling Growth and Rising
Rents,” The Review of Economic Studies, 90, 2675-2702.

AGHION, P, N. BLoOM, R. BLUNDELL, R. GRIFFITH, AND P. HOWITT (2005): “Competition and Innovation: An
inverted-U relationship,” The Quarterly Journal of Economics, 120, 701-728.

AGHION, P., C. HARRIS, P. HOWITT, AND J. VICKERS (2001): “Competition, Imitation and Growth with Step-by-step
Innovation,” The Review of Economic Studies, 68, 467-492.

AKCIGIT, U. AND S. T. ATES (2021): “Ten Facts on Declining Business Dynamism and Lessons from Endogenous
Growth Theory,” American Economic Journal: Macroeconomics, 13, 257-98.

AMITI, M. AND S. HEISE (2025): “U.S. Market Concentration and Import Competition,” The Review of Economic
Studies, 92, 737-771.

ARGENTE, D., S. BASLANDZE, D. HANLEY, AND S. MOREIRA (2025): “Patents to Products: Product Innovation and
Firm Dynamics,” Working Paper 34592, National Bureau of Economic Research.

ASKER, J., A. COLLARD-WEXLER, AND J. D. LOECKER (2014): “Dynamic Inputs and Resource (Mis)Allocation,”
Journal of Political Economy, 122, 1013-1063.

ATKESON, A. AND A. BURSTEIN (2008): “Pricing-to-Market, Trade Costs, and International Relative Prices,” American
Economic Review, 98, 1998-2031.

ATKESON, A., J. HEATHCOTE, AND F. PERRI (2025): “The End of Privilege: A Reexamination of the Net Foreign
Asset Position of the United States,” American Economic Review, 115, 2151-2206.

AUTOR, D., D. DORN, L. F. KATZ, C. PATTERSON, AND J. VAN REENEN (2020): “The Fall of the Labor Share and the
Rise of Superstar Firms,” The Quarterly Journal of Economics, 135, 645-709.

AZAR, J., S. T. BERRY, AND 1. MARINESCU (2022a): “Estimating Labor Market Power,” Working Paper 30365, Na-
tional Bureau of Economic Research.

AZAR, J., I. MARINESCU, AND M. STEINBAUM (2022b): “Labor Market Concentration,” Journal of Human Resources,
57,5167-5199.

AZAR, J., M. C. SCHMALZ, AND I. TECU (2018): “Anticompetitive effects of common ownership,” The Journal of
Finance, 73, 1513-1565.

BAKER, J. B. AND C. SHAPIRO (2008): “Reinvigorating horizontal merger enforcement,” in How The Chicago School
Owershot The Mark, Oxford University Press.

BAQAEE, D. R. AND E. FARHI (2019): “The Macroeconomic Impact of Microeconomic Shocks: Beyond Hulten’s
Theorem,” Econometrica, 87, 1155-1203.

BAsuU, S. (2019): “Are Price-Cost Markups Rising in the United States? A Discussion of the Evidence,” Journal of
Economic Perspectives, 33, 3-22.

BENKARD, C. L., A. YURUKOGLU, AND A. L. ZHANG (2026): “Concentration in Product Markets,” American Eco-
nomic Journal: Microeconomics, 18, 268-292.

BERGER, D., K. HERKENHOFF, AND S. MONGEY (2022): “Labor Market Power,” American Economic Review, 112.

BERRY, S., M. GAYNOR, AND F. SCOTT MORTON (2019): “Do Increasing Markups Matter? Lessons from empirical
industrial organization,” Journal of Economic Perspectives, 33, 44—68.

41



BERRY, S., J. LEVINSOHN, AND A. PAKES (1995): “Automobile Prices in Market Equilibrium,” Econometrica, 63, 841—
890.

BERRY, S. AND P. RE1SS (2007): “Empirical models of entry and market structure,” Handbook of industrial organization,
3, 1845-1886.

BERRY, S. T. (1992): “Estimation of a Model of Entry in the Airline Industry,” Econometrica, 889-917.

BOND, S., A. HASHEMI, G. KAPLAN, AND P. ZOCH (2021): “Some Unpleasant Markup Arithmetic: Production
Function Elasticities and Their Estimation from Production Data,” Journal of Monetary Economics, 121, 1-14.

BoOPPART, T., P. J]. KLENOW, R. LASKI, AND H. L1 (2026): “Idea Rents and Firm Growth,” Working Paper 35594,
National Bureau of Economic Research.

BRAND, J. (2021): “Differences in differentiation: Rising variety and markups in retail food stores,” Microsoft mimeo.

BRESNAHAN, T. F. (1982): “The oligopoly solution concept is identified,” Economics Letters, 10, 87-92.

(1989): “Empirical studies of industries with market power,” Handbook of industrial organization, 2, 1011-1057.

BURSTEIN, A. T., V. M. CARVALHO, AND B. GRASSI (2025): “Bottom-Up Markup Fluctuations,” The Quarterly Journal
of Economics, 140, 2619-2684.

CARVALHO, V. M. AND B. GRASSI (2019): “Large Firm Dynamics and the Business Cycle,” American Economic Review,
109, 1375-1425.

CARVALHO, V. M. AND A. TAHBAZ-SALEHI (2019): “Production networks: A primer,” Annual Review of Economics,
11, 635-663.

CAVENAILE, L., M. A. CELIK, P. ROLDAN-BLANCO, AND X. TIAN (2022): “Style over Substance? Advertising,

Innovation, and Endogenous Market Structure,” Advertising, Innovation, and Endogenous Market Structure (April 29,
2022).

CAVENAILE, L., M. A. CELIK, AND X. TIAN (2019): “Are markups too high? competition, strategic innovation, and
industry dynamics,” Competition, Strategic Innovation, and Industry Dynamics (August 1, 2019).

CHETTY, R., A. GUREN, D. MANOLI, AND A. WEBER (2011): “Are micro and macro labor supply elasticities consis-
tent? A review of evidence on the intensive and extensive margins,” American Economic Review, 101, 471-75.

CHIAVARI, A. (2026): “Customer Accumulation, Returns to Scale, and Secular Trends,” Journal of Monetary Economics.

CROUZET, N. ANDJ. C. EBERLY (2019): “Understanding Weak Capital Investment: The Role of Market Concentration
and Intangibles,” Working Paper 25869, National Bureau of Economic Research.

CUNNINGHAM, C., F. EDERER, AND S. MA (2021): “Killer acquisitions,” Journal of Political Economy, 129, 649-702.
DAvis, S. J.,J. C. HALTIWANGER, S. SCHUH, ET AL. (1998): “Job creation and destruction,” MIT Press Books, 1.

DE LOECKER, J. AND J. EECKHOUT (2026a): “Global Market Power,” UPF mimeo.

(2026b): “The Macroeconomics of Market Power,” Annual Review of Economics, 18, 695-726.

DE LOECKER, J., J. EECKHOUT, AND G. UNGER (2020): “The Rise of Market Power and the Macroeconomic Implica-
tions,” Quarterly Journal of Economics, 135, 561-644.

DE LOECKER, J. AND C. SYVERSON (2021): “An industrial organization perspective on productivity,” in Handbook of
Industrial Organization, Elsevier, vol. 4, 141-223.

DE LOECKER, J. AND F. M. P. WARZYNSKI (2012): “Markups and Firm-level Export Status,” American Economic
Review, 102, 2437-2471.

DE RIDDER, M. (2024): “Market Power and Innovation in the Intangible Economy,” American Economic Review, 114,
199-251.

42



DE RIDDER, M., B. GRASSI, AND G. MORZENTI (2026): “The hitchhiker’s guide to markup estimation: assessing
estimates from financial data,” Econometrica, 94, 137-168.

DEB, S., J. EECKHOUT, A. PATEL, AND L. WARREN (2022): “What Drives Wage Stagnation: Monopsony or
Monopoly?” Journal of the European Economic Association, 20, 2181-2225.

DECKER, R. A., J. HALTIWANGER, R. S. JARMIN, AND J. MIRANDA (2020): “Changing Business Dynamism and
Productivity: Shocks vs. Responsiveness,” American Economic Review, 110.

DOPPER, H., A. MACKAY, N. H. MILLER, AND ]J. STIEBALE (2025): “Rising markups and the role of consumer
preferences,” Journal of Political Economy, 133, 000-000.

EDERER, F. AND B. PELLEGRINO (2025): “A Tale of Two Networks: Common Ownership and Product Market Ri-
valry,” The Review of Economic Studies, forthcoming.

EDMOND, C., V. MIDRIGAN, AND D. Y. XU (2015): “Competition, Markups, and the Gains from International Trade,”
American Economic Review, 105, 3183-3221.

(2023): “How Costly Are Markups?” Journal of Political Economy, 131, 1619-1675.

EISFELDT, A. L. AND D. PAPANIKOLAOU (2014): “The value and ownership of intangible capital,” American Economic
Review, 104, 189-94.

FOSTER, L. S., J. C. HALTIWANGER, AND C. TUTTLE (2022): “Rising Markups or Changing Technology?” Working
Paper 30491, National Bureau of Economic Research.

GABAIX, X. (2011): “The granular origins of aggregate fluctuations,” Econometrica, 79, 733-772.

GAUBERT, C. AND O. ITSKHOKI (2021): “Granular Comparative Advantage,” Journal of Political Economy, 129, 871—
939.

GORTON, G., M. KAHL, AND R. J. ROSEN (2009): “Eat or be eaten: A theory of mergers and firm size,” The Journal of
Finance, 64, 1291-1344.

GRaAssI, B. (2017): “IO in IO: Competition and volatility in input-output networks,” Unpublished Manuscript, Bocconi
University.

GRULLON, G., Y. LARKIN, AND R. MICHAELY (2019): “Are US industries becoming more concentrated?” Review of
Finance, 23, 697-743.

HALL, R. E. (2018): “New Evidence on the Markup of Prices over Marginal Costs and the Role of Mega-Firms in the
US Economy,” Working Paper 24574, National Bureau of Economic Research.

HALTIWANGER, J. (1997): “Measuring and Analyzing Aggregate Fluctuations: The Impor- tance of Building from
Microeconomic Evidence,” Federal Reserve Bank St. Louis Review, 79, 868-897.

HERSHBEIN, B., C. MACALUSO, AND C. YEH (2020): “Concentration in US local labor markets: evidence from
vacancy and employment data,” Tech. rep., Richmond Fed.

HoLMES, T. J. (2011): “The diffusion of Wal-Mart and economies of density,” Econometrica, 79, 253-302.

HOPENHAYN, H., J. NEIRA, AND R. SINGHANIA (2022): “From population growth to firm demographics: Implica-
tions for concentration, entrepreneurship and the labor share,” Econometrica, 90, 1879-1914.

HOPENHAYN, H. AND R. ROGERSON (1993): “Job Turnover and Policy Evaluation: A General Equilibrium Analysis,”
Journal of Political Economy, 101, 915-938.

HOUDE, J.-F., P. NEWBERRY, AND K. SEIM (2023): “Nexus Tax Laws and Economies of Density in E-Commerce: A
Study of Amazon’s Fulfillment Center Network,” Econometrica, 91, 147-190.

HsIEH, C.-T. AND P. J. KLENOW (2009): “Misallocation and manufacturing TFP in China and India,” The Quarterly
journal of economics, 124, 1403-1448.

43



HYATT, H. R. AND J. R. SPLETZER (2013): “The recent decline in employment dynamics,” IZA Journal of Labor Eco-
nomics, 2, 1-21.

JAIMOVICH, N. AND M. FLOETOTTO (2008): “Firm dynamics, Markup Variations, and the Business Cycle,” Journal of
Monetary Economics, 55, 1238-52.

JOVANOVIC, B. (1982): “Selection and the Evolution of Industry,” Econometrica, 649-670.
KARABARBOUNIS, L. (2024): “Perspectives on the Labor Share,” Journal of Economic Perspectives, 38, 107-136.

KARAHAN, F., B. PUGSLEY, AND A. SAHIN (2024): “Demographic Origins of the Start-up Deficit,” American Economic
Review, 114, 1986-2023.

KEHRIG, M. AND N. VINCENT (2021): “The micro-level anatomy of the labor share decline,” The Quarterly Journal of
Economics, 136, 1031-1087.

KoH, D., R. SANTAEULALIA-LLOPIS, AND Y. ZHENG (2020): “Labor share decline and intellectual property products
capital,” Econometrica, 88, 2609-2628.

MELITZ, M. J. (2003): “The impact of trade on intra-industry reallocations and aggregate industry productivity,”
econometrica, 71, 1695-1725.

MONGEY, S. (2021): “Market Structure and Monetary Non-neutrality,” Working Paper 29233, National Bureau of
Economic Research.

OLMSTEAD-RUMSEY, J. (2019): “Market Concentration and the Productivity Slowdown,” MPRA Paper 107000, Uni-
versity Library of Munich, Germany.

PETERS, M. AND C. WALSH (2021): “Population growth and firm dynamics,” Tech. rep., National Bureau of Eco-
nomic Research.

ROsSI-HANSBERG, E., P.-D. SARTE, AND N. TRACHTER (2021): “Diverging Trends in National and Local Concentra-
tion,” NBER Macroeconomics Annual, 35, 115-150.

SHLEIFER, A. AND R. W. VISHNY (2003): “Stock market driven acquisitions,” Journal of financial Economics, 70, 295
311.

SUTTON, J. (1991): Sunk costs and market structure: Price competition, advertising, and the evolution of concentration, MIT
press.

(2001): Technology and market structure: theory and history, MIT press.

SYVERSON, C. (2004): “Market structure and productivity: A concrete example,” Journal of Political Economy, 112,
1181-1222.

(2019): “Macroeconomics and Market Power: Context, Implications, and Open Questions,” Journal of Economic
Perspectives, 33, 23—43.

TRAINA, J. (2018): “Is Aggregate Market Power Increasing? Production Trends Using Financial Statements,” New
Working Paper Series 17, George J. Stigler Center for the Study of the Economy and the State, University of Chicago
Booth School of Business.

44



ONLINE APPENDIX

This Appendix is organized as follows. Section A provides additional mathematical details and derivations. Section
B provides additional details on the mapping of the model to the data. Section C provides the estimation details: the
parameter layout, the measured returns to scale, the fixed cost and the numerical solution, the targeted moments,
and the two-step estimation. Section D contains figures associated with our robustness exercises in Section 8. Section

E provides additional Figures and Tables referenced in the main text.

A Derivations

A.1 Household Demand.

In the economy with CES aggregation technology, total consumption within a household C can be written as:

0
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To derive the demand function, we first solve a maximization problem such that C is maximized with chosen ¢;;

subject to the budget constraint
/Zpijcijdj <Z(=WL+1) (A2)
I

where Z is total amount of resources. This optimization problem is equivalent to the lagarian (Maximizing the

monotonic transformation of C is easier and gives the same results since C is strictly increasing in c;;):
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We want to derive p; as the expenditure to buy one unit of ¢;, which is Z]-|C].:1, and it naturally follows that
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From (A2) we know that }; p;jyi; = Zj and Z; = p;y; from the definition of p;. We can write }; pj;y;; = p;y;. Thus
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we can do similar algebra to p;
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Similarly, we want to derive P as the expenditure to buy one unit of Y, which is Z|y_1, and it naturally follows that
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A.2 Cournot Nash equilibrium
Demand within the sector is as follows
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Let ¢;j(y;j) denote average variable cost. Using the inverse demand function, the profit function is

Tij = PijYij — Cijlij (A13)
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Using the familiar result that aa% % = s;; under CES demand systems, and substituting back in the inverse demand
ij
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Defining marginal cost as mc;;(y;;) := cij(yij) + Yijc; j(yij)/ rearranging gives
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Profits
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Recall that ¢;; is a function of y;;, then it is also a function of p;;.
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Note that
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where mc;;(y;;) = cij(yij) + yijcgj(yij) is marginal cost. We then replace the demand derivative with the sales-share

expression.
For completeness, the residual elasticity under Bertrand price competition follows directly from the nested CES
demand: 0 N
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where dlogp;/dlogp;; = s;j. Defining the absolute elasticity 65 = sl + (1 — s;j)7, the first-order condition is
(pij — mcij)eﬁ = p;j and therefore
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Thus the Bertrand robustness keeps the full equilibrium system unchanged except that the within-market residual

elasticity replaces the Cournot harmonic form, eg- = [sij /0+(1—s)/ 1) ~!, with the Bertrand arithmetic form above.
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A.4 Derivation of Labor Demand, equation (15)
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We obtain the expression for the price starting from the technology y;; = zijn;, which gives n;; = (y;;/ zij)l/v and

variable cost Wn;j, so
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After normalizing the price P to be 1, we can compute WY1=7 as a function of TFP Zij, Wij and Sij- This is because:
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B From the model with multiple inputs to value added

B.1 Mapping the model to the data

Accounting in the data. In Compustat we can split total costs into three components: capital costs, costs of good
sold and overheard (sales and administrative expenses).*’ Costs of goods sold include labor and intermediate costs,
and overhead costs also include labor and intermediates.

Profits;jy = Salesjj — TotalCostsj; (B1)
TotalCosts;jy = CapitalCosts;j; +
ProdLaborCostsjj; + ProdInterCosts;j; + FixedLaborCosts;j; + FixedInterCosts;j; . (B2)

Costs of goods sold=COGS;j¢ Overheard or Fixed costs=SGA;j;

In the data we observe Sales;j;, CapitalCosts;j;, COGS;j;, SGA;j;. We only observe a measure of total labor costs:
ProdLaborCosts;j+ F ixedLaborCostsi]-t. Given these constraints, we describe how we map this to the model.

Accounting in the model. We adopt the following convention throughout this appendix and consistently in the
main text: W; denotes the physical wage paid for labor (the same wage applies to production and overhead workers, as
the next paragraph below makes explicit) and W; := W; /(¢O554COG5) denotes the effective wage in the value-added
technology derived below. Under this convention, the multi-input physical layer (e.g. equation (4) in the main text)
always uses W;, and the value added technology always uses W.

The production function (3) is consistent with the accounting relations (B1) and (B2). Given these inputs and
technology, we have the expression for profits (equation (4) in the text). We have assumed that the firm faces the
same prices for intermediates and labor regardless of whether they are used in production or in overhead. In terms

40We follow De Loecker et al. (2020) for the data construction.
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of the economics, the benchmark model with only labor remains is consistent with how moments computed from

the available data map into the model.*!

Optimality. Since they are perfect substitutes, the firm will be indifferent between labor and intermediates in
production provided the price labor is equal to the price of intermediates. Across firms, we assume that the shares

are the same, and define parameters “0¢% and °¢4:42
OGS . Mijt sa._ _ ¢ (B3)
Mijt + Mijt ¢+ o™

The first order conditions of the variable cost minimization problem give expressions for the markup and marginal
cost, and deliver the result that “©C* is also equal to the cost share of labor in COGS;jy:

i N ~ aCOGS /o akK/q VN V7 Win;;
,uijt = ff]t ’ mciﬂ = (Wt/tXCOGS) (Rt/(XK) (]/11] V/Zij) , l/JCOGS = # (B4)
Cjji Winije + Py'mijy

Combining factor demands for intermediates and capital, we can write the production function and total variable

costs in terms of only labor:

1 Wi ~ Wi
_ Y _ 3 m _
Yiit = Zjjth ,  Zijp = — Ziit Rtki't + thi‘t + Pt Mmijy = XMNjit (85)
] JETjt ] lPCOGS(XCOGS MC; ] ] ] ] lIJCOGS“COGS ]
Total variable cost _\/_'W

Re-writing the firms’ problem in terms of these objects gives the following expression for profits:
Tije = Pipzijiy — Wintije — Wigp, (B6)

where ¢ = a“O¢5¢ and using the fact that

- Pr—W, ~ (B3) ~ (}3 SGA = yCOGS Wt(’ﬁ
Wt4’+Pz.Zn¢m ‘= Wt(¢+¢m) = thpsﬁ = m = Wt‘P- (B7)
This delivers the same marginal cost expressed in reduced variables, mc;j; = mcyjy:
-1
Pijt Wt 174 (1=9)/9 Eijt sijp. 1 —sjjt
- , o= M (] o, = L oey = — | ) BS
Hijt meg mcij ,)/ Zz]t ijt Hijt Sijt+1 ijt 0 + 7 ( )

B.2 Labor Demand and Supply, General equilibrium

Throughout this subsection, a tilde denotes a physical object: W is the physical wage, zjj is physical productivity, and

L?, Lf, and L? are physical labor. Labor-market clearing is
LS +1? =15 (B9)

Aggregating firms’ physical production-labor demand gives

==

14

v lfaK —~ K -
LV = Y COGS (W,XCOGS ])

2=

K L 00
,XCOGSR> " (Njsi) T P (B10)
] 1

l[JCOGS
DCK N]Z] !

“1Empirically, the shares of labor and intermediates in production are obviously not constant. To account for systematic rela-
tionships, in the production function estimation we allow for industry-specific technologies in variable inputs (COGS), capital (K)
and overhead costs (SGA). Because we assume labor and intermediates are prefect substitutes in our technology, any systematic
variation between those two has no effect, beyond the total effect of COGS.

£2We further assume that 0G5 = 564 as we have no a priori evidence that the labor content in COGS and SGA is different.
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where W 1= W« Y1=7. This expression follows from n;; = wCOGS(szOGsR/(aKW))“KM(yi]-/Ei]-)l/W and the

demand system. The physical labor-supply curve is

COGS «COGS

L = gW? = (pyNVWa ye(r-1/ (B11)

Finally, L/ = fol M]@ dj. Appendix B.3 converts these physical objects into the effective units used in the main text.

B.3 Aggregation

This section derives the aggregate conditions in the effective units used in equation (24). For this subsection only,
define

COGS . w . =~ (.,COGS ., COGS\—aCOGS
=u nij, W zl = Zij( « )y

qij = (pCOGS,COGS” ij

Then Wq;; = Wnij /YOGS is the firm’s COGS bill and

1COGS

A gak
Yij = Zi]‘kij qij

To avoid introducing a new model primitive, below we relabel z?]- as zj; and write Ny, for the aggregate of g;;.

Optimality. By cost minimization,

@7w/“COGS e 1( W )
qi R/aK ’ .

Because the input ratio is common across firms,

K W/DCCOGS
Nprod B R/aK

Production technology. Inverting the technology firm by firm gives g;; = (v;j/z;)"/7 (K/ Npmd)’“K/ 7,50

M R 1/ et/ 1/
Yij . A ( Y ) K ~ ( Y )
Y () aj=0(= = Nyos = al=) .
/ji—l (Zij> ] z prot Nprod z

Here Q = Q7.

Goods market clearing. Goods market clearing condition given the normalized aggregated price P:

: e 1tk
1 1 1-n 1= .
1=pP= /0 ;Mjpij dj

1
r 1-6 -0

= Jél (2:32j<;uﬂncﬁ>l‘”> dj

i
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The firm price solves

1

1—
v 1 Ya=n)+7
o ) W A=) +y A—W 11 ’7’9p9y y(1—n)+n
Pij = |Mij ;cocs ij ]M],Pj :
1 Ui
1=+ g =+,
1] !

Productivity aggregation. Inverting the technology gives n;; = (yi]-/Ai]-)l/"Y, hence n;; « (%M% p779P9Y> g

labor aggregates within a market under that exponent. Summing across markets and eliminating p; with the sector

1

.. . 0— . . e e
price index turns the outer exponent into TA-0)70’ which delivers the productivity index Z of (12),

01 7—791+9
Y=L\ =040 -
-1 =1

1 M;
7 M Yz ;

Labor markets clearing. We already have the labor supply function in the aggregate level:
Total labor supply: N = @W¢. (B12)

On the demand side, we can express the labor demand in terms of factor payment shares from the goods market

aK
P 4% R U
— \ 4COGs aK VA
- PZ W _COGS R _aK
T «COGS aK
K

p
WN,yoq = xCoGs E

«
K
Z| —— N,
M ( Nprod > prod

Notice that the production function is embedded in the RHS:

clearing condition:

«COGS

p K ,COGS
WNprod = aCOGSﬁZKa grod
WN,yog = €068 Ly
prod
M
Y
_ ,COGS
Nprod = m
Y
Total labor demand: N = thOGSy—W + @ (B13)

Capital markets clearing. Moreover, the supply of capital is elastic at capital price R determined by the house-
hold Euler equation:
Capital supply: 1= B[R+ (1-9)]. (B14)

Firm optimality gives aggregate capital demand:

Norod- (B15)

COGS
Capital demand: K = <W)

R/aK
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B.4 Output and welfare decomposition

Output decomposition. Writing 2“9 + (1 + ¢)(1 — ) we get:

1
e ——— 1—
W e (Z*S) aCOGS ¢ (1+9)(1—7) &)aCOCS[aCOCSI(H(p)(l—v)]

N =gW?

Ite oK gy 1
Y o (Z S) COGS+ ¢)<1,7)V COGS+(1+¢ 1—7) @ aCOGS+ (1+¢)(1 Q_

Taking logs gives the general form of (28), and through A; that of (29).

Welfare decomposition. We measure welfare in consumption equivalent terms, which makes the household in
1980 indifferent with respect to the period f allocation:

u ((1 + )\t) Co, N()) =U (Ct, Nt)
U (Co, No) + U, (Cop, Np) A+Co =~ U (Co, No) + U, (Co, Np) (Ct — Cp) + Uy (Co, No) (Nt — No)
Uc (Co, No) A+Co = Uc (Co, No) (Ct — Co) + Uy (Co, No) (N — Np)

which gives us an approximation for A;:

A = (S =CoY | Un(Co No) No (Ni — No
! Co U (Co, No) Co Ny

A = Ct—Co . W()No Nt—No
= Co Po CO No
———

Labor share

/\t = AlOg Ct — lSo . AlOg Nt (B16)

B.5 Markup Decomposition

This section documents the method we use to decompose markups. Following Haltiwanger (1997), we decompose
the change in the markup into a component that is due to (i) changes in market shares (A Reallocation), (ii) changes
in markups themselves (A Within), and (iii) the effect of Net entry as follows:

A.ut ZVZ]t 1Amz] t+ ZA%] fAml] t Zmut 1A,u1] tt+ 2 ﬁij,tmij,t - 2 ﬁij,t—lmij,t—lz (B17)
i,j ij i,j€Entry i,j€Exit

A Market share A Cross term (ii) A Within (iii) Net entry

(i) A Reallocation

where 1 = Hijt — MPt—1, and Hiji—1 = MWijt—1 — H¢—1 are deviations from the economy wide markup and m;; denotes
the revenue share of any firm i in the entire economy.

Since the estimated parameters of our economy are different in different years, but we assume a steady state of
the economy in each year, then we need to make some assumptions in order to proceed with this decomposition.
The assumption we make is to map firms together over time according to their subscript ij. Let M = max{M;} be
the largest number of potential entrants and let U = {u;j;} be an array of uniform random numbers for all firms i €
{1,..., M} in all j sectors in all j periods. We start in 1980. Given the stationary distribution of productivity implied
by productivity process and parameters p, 07og,, the first set of random numbers determine initial productivity by
inverting the CDF of this distribution. We then use the remaining random numbers and the sequence of productivity
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process parameters ¢y for 1981 to 2023 forward for all M x | firms. This gives us an array Z* = {z;‘jt} of latent
productivities of the M x | over the T periods.

To take care of changes in the number of potential entrants we then proceed as follows. In 1980 there are My9gp <
M potential entrants. In each market, we draw at random the Mjggy potential entrants from the M firms, and in 1980
set the remaining firms’ productivity to zero. In 1981, if Mj9g1 < Mj9gy then we randomly select My9gg — Mygg; of
the Myggo firms and set their actual productivities z;;; = 0, while for the potential entrants we set z;j; = z;‘jt.

This then gives us a distribution of firm productivities Z; = {z;;;} in all periods, of which these are zero for
firms that are not considered potential entrants. Given the parameter ¢; we can then solve for the steady state of
the economy in each ¢, recording markups and sales for all firms. For firms that are not potential entrants, these are
obviously both zero. We then solve this economy in each year record markups and sales shares and apply the above

decomposition.

C Estimation Details

This appendix describes how the model is taken to the data. It states which parameters are calibrated and which are
estimated, production function estimation, how the fixed cost and the equilibrium are computed, which moments
are targeted, and how the two-step estimation — simulating a number of candidate economies, then selecting from
it — chooses the demand elasticities and the year-specific parameters.

C.1 Parameters

The parameters are set in one of three ways.

Calibrated and held fixed. A set of constants is fixed at calibrated values and never estimated. The simulated
economy has | = 10,000 sectors and two periods, the pair of consecutive years that the reallocation moment requires.
The remaining constants are reported in the main text’s fixed-parameter table: the persistence of productivity p =
0.90, the labor-supply elasticity 0.25, labor’s share in labor plus intermediates i = 0.33, and the gross rental price of
capital R = 1.16, one plus the net rental implied by the discount factor 0.96 and the depreciation rate 0.12.

Estimated outside the model and supplied as inputs. The returns to scale v and the output elasticity of the flexible
COGS
t

input & are measured from firm data before the model is solved, and enter the model as given (Section C.2). The

capital elasticity is y; — a$0GS.
Estimated inside the model. Only two kinds of parameters are estimated by matching the model to data: the demand

pair, common to all years, and the year-specific triples,

2023
(0,1) x {0, My, s £=1980"

The demand elasticities 6 and 7 are the within- and cross-sector elasticities of substitution, chosen once (Section C.5).

For each year, three further parameters are estimated: the productivity-innovation standard deviation o, the number
of potential entrants per sector M;, and the fixed-cost location {; (Section C.5).

C.2 Measuring returns to scale and the cost elasticity

The output elasticities acogs and ak; enter the model as a technology parameter and also defines the empirical
markups of Section C.4, so both uses rest on the same estimate. These elasticities are estimated from firm panel data
by the production-function approach, separately for each two-digit industry and year, using a moving window of
five years around each year. The estimate treats cost of goods sold as the flexible input and instruments it with its
own lag. We describe this approach in detail below.
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Because the model has no industry dimension, the industry-year elasticities acogs and ak; are aggregated to
one value per year by a sales-weighted average across industries,

axy =) wgay; , X€{COGSK} (C1)

S

with wg industry s’s share of total sales in year t. Returns to scale adds these two: 7¢ = aF9GS + oK.
Over 1980-2023 acogs,+ ranges over [0.81,0.86] and returns to scale ; over [0.996,1.086], dipping below one only
in 2023. Figure C1 plots the estimated returns to scale ;.
Returns to scale, 7,
108
107
1.06
1.05
104
1.03

1.02 —

1.01

1.00 T T T T

1980 1990 2000 2010 2020
Year

Figure C1: Time series of the estimated demand elasticity.

We estimate the time-varying sector-specific output elasticities a5 ; and aj ; following De Loecker et al. (2020).
We provide many of the details below, see also appendices of De Loecker et al. (2020):

Sales

¢ We assume that sales is measured with classical measurement error €5t

Sales
Salesf\ﬁ = ¢St Sales;js

¢ Starting with the production function in the main text, we obtain equation (19) in the main text for log sales:

XCOGS aK
Yijt = Zijt (”ijt + mijt) (kijt)
XCOGS XK
PijtYijt = PijtZijt (nijt + mijt) (kijt)
Input prices: Wy = P}"
XCOGS XK _ _
Sales,-]-t = Zijt (thijt + thijt) (Rtkijt> <pi]'tWt fcocs Rt ‘XK>
Sales;jy = zz-]-tCOGSZ.fOGS CapitalCosts’fj’f <p1-]-tW;'XCOGS R;"‘K>
Sales
M _ edales a a A% —a

Salesi]-t =eit z,]tCOGSZﬁOGSkUI; <p,]tWt COGSR, K>

Sales

log Salesfﬁ = acogs log COGSjt + ag log CapitalCostjj + [log Pijt — &cocs log Wi — ak log Rt} +log zjj + €ijt

e We then use two results
* Result 1 - Productivity is a market-jt function of COGS;j; and CapitalCosts;j;.

That is, we can write z;jy = zj; (COGSi]'t, CapitalCostsijt)
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— Note that the price comes from the inverse demand function, which is a jt function of y;;

pjt (yijt) =P (yijt,y_,-jt, Iy Yt)
— The profit maxmization problem is:
max  pi (Vijt) Yije — Rekije — Wing — P{"myy

Mijs Kije Mijs

4 14
Yije = zije (e + mije) " ki

— First order condition for n;j;
. . , ) *C 2K / , , , ) &C K _
Pjt <y1]t> D‘szjt (nzjt + mz;t) ki]'t + pjt (yz]t) "‘sz]t (”z;t + mz]t) kijt -W;=0
nije + mije = vjr (2ijt, kijr)
Inverting:

Zijt = Z)]t

(mije + mije, kijy)
— Note that

CapitalCostsjjy = Rikijt
COGSijt = W; (nl-jt + mi]-t)
— Therefore we can write this using the expenditures, where time dependence is still subsumed by jt sub-

script
zijt = zjt (COGSjy, CapitalCosts;jy)

* Result 2 - We can write the unobserved price term as a market jt function of productivity:
log pijt — &cogs log Wi — ax log Ry = gjr (2ijt)

— In our model,

Pijr = HijtMcijt

W\ T R\ -1
mcijr = ac o Zijr Yijt

— »

Lo [ P Pit

Yijt = (Pjt) <Pt> Y}
-1

[ Pijt !
=\

— In the text of the paper we have the Nash equilibrium system for shares implied by these equations

<

U -1

=1 - 1—7(1=1)
B (sije) 700z

Sijt = ) ] , i = 1, ey M]t

M; B (e Y B e
jt o (= n—=r(n-1)
Yyl M (Sike) 770D Zikt
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— From these equations, the price term is a market jt function of z;;:
log pijt — «cogs log Wi — ag log Ry = gjr (2ijt)

Result 3 - The market jt dependence of gj; can be summarized by the market share of the firm

— Therefore we have
log pijt — &cogs log Wi — ag log Ry = & (zijt, Sijt)
Using Results 1, 2 and 3, we return to the expression for log sales:

Sales

IOg Sales% = &COGS log COGSl]t + ak log CapitalCosti]-t + [log Pijt — ®XCOGS log Wi — ag 10g Rt] + log Zijjt + €ijt
Using Result 2 & 3:

Sales

log Sales% = acocs log COGS;j; + ax log CapitalCostijr + g (zije, Sijt) + log ziji + €

Using Result 1:
log Salesfﬁ = acocs log COGSyjy + ag log CapitalCostyjy + g (zj (COGSyjy, CapitalCostsyjy ) , sije) + log zjj + efj?l"’s
Now observe that everything outside of expenditures is a function of COGS;;; and CapitalCosts;j;, and demand

characteristics of market jt as summarized by s;;;

We then write g (-) = f (COGS;j, CapitalCosts;jy, sijt; 0):

log Salesfﬁ = acocs log COGS;j; + ak log CapitalCostyjs + f (COGSijt, CapitalCostsjjt, Sijt; 0) +log Zijt + e;j-‘fl‘fs (%)

In practice, we set f; (COGS;j, CapitalCosts;j; 0) to be a polynomial in only the market share f (s;jt, ).
Our econometric procedure then follows De Loecker et al. (2020):
Step 1 - Remove measurement error

— Recognizing also that we can replace log z;;; in the last equation using Result 1, we combine f () +log zjj:
log Salesf}/{ = acocs log COGS;jt + ak log CapitalCostjjs + h (COGSijt, CapitalCostsjjt, sijt; (-)) + EiS]ftlles

- Hence, all of the unobservable terms are functions of observable expenditures and market share.
- Using this, as a first step, we project log Salesf\ﬁ on a polynomial ¢; (-) on these data COGS;j;, Capital Costsjy,
Sijt :
log Salesf}f = ¢ (COGSi]-t, CapitulCostsijt,sijt) + eisj‘t’les
~Sales

= log Salesfﬂ = gﬁijt + €t

In practice we use a second order polynomial, which includes quadratic and interaction terms.

— Note that the estimate of parameters of ¢; are time-varying across years within the 5 year window for

which we are estimating output elasticities. This is important as ¢; (-)includes time-varying prices.
* Step 2 - Construct moment conditions

— Guess parameters acogs, ak, 0 and p
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— Construct log z;j; from (x):

log z;j = $ijt — acogs log COGSyjy — ag log CapitalCostij — f (sijt, 0)
log Zijt—1 = (/ﬁi]‘tfl —acogs log COGSijt,l — ok log CapitlllCOStijt,l —f (Sijtfr 9)

— Recall, from the main text, that logz;;; follows an AR(1) process. From this, we construct the innovation
Mijt:
Hijt = logzij — plog zijr—1

— We then evaluate the empirical analogue of the following 4 moment conditions implied by the model:

[Uz]tCOGS,]t 1
[ﬂl]tkl]t
[Tlljtsl]t 1

[szt 1ijt

0
0
0
0

] =
]
]
] =

— We then iterate on acogs, 2k, 6, p to minimize the GMM objective function.

- Note that we use the standard Olley-Pakes moment condition for capital, which holds in a model with
pre-determined capital, rather than IE [Uz’jtkijt—l] = 0, which holds in our model. We do so for consistency
with the large production function estimation literature that follows this approach

* Practical implementation details

— We repeat this procedure in rolling windows using 5 years of data around f.
- And we repeat this separately for 2 digit sectors.

— We compute market shares in narrower 3 digit sectors.

C.3 The fixed cost and the numerical solution

The main text sets out the demand system, the Cournot markup, the entry game, the profit function, market clearing,
and the productivity process. Two pieces are left to this appendix: how the parameter { sets the fixed cost, and how

the equilibrium is computed.

The fixed cost. The main text treats the overhead cost ¢ as a primitive, one value per year. The estimation reaches
¢ through a unit-free parameter { that fixes the overhead’s position in the cross-section of break-even overhead levels.
For each firm, let I';; be the overhead level at which the firm would exactly break even, given its productivity and the

equilibrium prices. Ranking the # firms by I', the common overhead level is

Tirzany, <1,
g maxi]- FZ‘]', g Z 1,

the -th quantile of the break-even distribution when { < 1, and a scaling of its maximum when { > 1. Each
firm’s overhead is ¢ times an idiosyncratic draw. The position form makes one search range serve every candidate
economy: the break-even levels are equilibrium objects, so the relevant overhead level is specific to each candidate
economy, while the quantile position is comparable across all of them. It is also the selection margin of the entry
game — the higher 7, the larger the share of potential entrants that cannot cover the overhead. Values above one are
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meaningful because I is measured before any exit: exit raises the survivors’ profits, so such economies still function,
and the selected {; exceed one in many years.

Solving one economy. One economy means one full equilibrium of the model at a single parameter point — one
demand pair (6, 7) with one triple (¢, M, {), p and the technology inputs of Section C.2 held at their values — with
all sectors, both periods, and the entry and exit decisions resolved. The equilibrium is the fixed point of the entry
game, computed by iteration. Each round takes the currently active firms as given and proceeds in four blocks.

(i) Market shares. Within each sector the Cournot equilibrium is a fixed point in market shares, computed by
successive approximation with damping; all sectors update simultaneously, and a sector stops once its share
vector settles. Sectors with a single active firm converge at once.

ii regation. Given shares, markups, and productivities, the economy-wide wage—price index is evaluated in

ii) Aggregation. G h kup d productivities, th y-wid ge—p d luated
closed form as a nested power sum. In the first round of the first period this block also sets the fixed cost from
{: the break-even cross-section is computed in closed form, sorted, and ¢ read off as the {-th order statistic.

(iif) Market clearing. With returns to scale different from one, aggregate labor demand is nonlinear in aggregate
output, and the clearing condition reduces to a scalar equation in output, solved by a safeguarded Newton-
type root search. Output and the wage—price index then give the wage in closed form.

(iv) Exit. Outputs, labor, and profits follow in closed form. Loss-making firms are sorted by profit, and the least-
profitable third of them exit.

The round repeats on the surviving firms until essentially no firm exits in a round; the operating set settles within
a few dozen rounds, reaching the main text’s one-firm-at-a-time exit outcome in fewer passes. Every equilibrium

object is deterministic given the parameters and a fixed seed.

The two periods. The two periods are two consecutive years of the same economy. Period-two log productivity
is p times period-one log productivity plus a fresh innovation; ¢ is set from { once, in the first period, and carried
to the second, and the entry game is solved separately for each period. Activity in the two periods classifies each
firm as continuing, exiting, or entering, and these sets — with each firm’s labor counted as production plus overhead
workers — build the job flows behind the reallocation moment of Section C.4.

C.4 Moments

The estimation targets three annual moments: the job reallocation rate, the sales-weighted markup, and the sales-
weighted share of overhead in total cost.

Model moments. The markup and overhead moments are cross-sections of the first of the two periods. Index the
firms operating in that period by i, with sales r; = p;y; and sales weight w; = r;/ Y, The markup moment is the
sales-weighted mean iy, = ) ; w;u;, with y; the firm’s equilibrium markup from the quantity game of Section C.3. The
overhead-cost moment is the sales-weighted mean of the firm ratio of overhead cost to total cost, }; w; (SGA;/TC;),
where overhead cost is SGA; = 1/)5& APiW and total cost is TC; = (aCOSSpcogs) "W, + 1/)5& AW

The reallocation moment spans the two periods. It is the gross job-reallocation rate

JC+]JD

REALL = 7 ,
7(Lo+Ly)

(C3)

where job creation JC sums employment gains at continuing firms and the employment of entrants, job destruction
JD sums losses at continuing firms and the employment of exiters, and Ly and L are total employment in the two
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periods. Firms are classified as continuing, entering, or exiting by the activity indicators of Section C.3, and each
firm’s labor counts both production and overhead workers.

Empirical markups. Firm markups follow the production-function approach: the markup is the estimated output
elasticity of the flexible input times the ratio of sales to that input’s expenditure,

Sales;
_ _ COGS it
;’llt D‘t COGSZt . (C4)

The reported moment is the sales-weighted annual mean, fiy = Y ; Wit

Empirical overhead share. The overhead share of firm i is selling and administrative expense over total cost,

$SGA _ SGA;
it COGS;; +SGA;; + KK,

(C5)

where the capital charge rKKj; is the user cost of capital times the capital stock. The reported moment is the sales-
weighted annual mean. All nominal quantities are deflated by the GDP deflator with base year 2015. Ratios are
trimmed at the first and ninety-ninth percentiles within each year, and each annual series is smoothed with a centered
five-year moving average.

Empirical reallocation. The reallocation moment is the gross job-reallocation rate from the Census Business Dy-

namics Statistics,
JC + Dy

(L + L)’

annual job creation plus job destruction over employment averaged across the adjacent years, the same denominator

REALL; = (C6)

convention as the model moment, for the economy as a whole from 1980 onward. The same source gives entry
rates and the shares of job creation and destruction attributable to entering and exiting firms, smoothed on the same
five-year window. Beyond the three targets, the same firm-level objects also deliver markup percentiles and markup
aggregates under alternative cost weights.

C.5 Estimation

The estimation solves the nested problem

3
min ) min Lossy, Lossy = Y wy (mg(or, My, L1;60,17) — mkt)z, (C7)
@n) F (o0, MeGr) =1

where my is model moment k of a candidate economy, i1y, is its empirical counterpart in year ¢, and wy; is a weight.
Both minimizations are direct searches over a simulated number of candidate economies: simulate all the candidate
economies, then select from it. A candidate economy enters the selection when its solution converges and its three

moments are finite. Three weightings define the loss; the time weighting is the benchmark maintained throughout

the paper, and the other two serve as reference. Loss values are comparable within a weighting only.
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Weighting Wit Scale it removes

Time (benchmark) 1/Var;(rfip;) the moment’s variance across the sample years
Level 1/, the moment’s own squared value in year ¢
Variance 1/ vy within-year dispersion: across sectors for reallocation,

sales-weighted across firms for the markup and overhead share

A. The demand elasticities

A candidate economy solves a full equilibrium as in Section C.3. The demand pairs are drawn quasi-randomly
(Sobol), and each demand pair is crossed with a quasi-random sample of the triples (¢, M, (). The entrant count M
is drawn continuously and enters the model as its integer part. All pairs share the same triple draws; an economy
carries no year label, and every candidate economy is solved at the sample-mean of Section C.2 (9GS = 0.837,
v = 1.025).

Demand box (6,17) Triple box (o, M, () Points

Demand grid  [1.10,1.20] x [3.90,6.20], 100 pairs  [0.020,0.120] x [4,50] x [0.10,1.10], 5,500 per pair 550,000
Refinement  fixed at (1.133, 4.884) 0.001,0.120] x [4,60] x [0.001,1.10] 100,000

Each pair is scored by the outer objective, the sum over the sample years of the year’s minimized loss at that
pair. The score is informative only under a restriction: with a free triple in every year, 2 4+ 3 x 44 = 134 parameters
would chase 3 x 44 = 132 moments, and the score would be essentially flat in the pair. The design therefore ties
the two years astride the sample midpoint, 2001 and 2002, to one common triple, leaving 131 parameters against
132 moments; that single over-identifying restriction selects the pair. A split variant selects one pair per half-sample
instead, with the tie at each half’s midpoint (1990-1991 and 2012-2013), so each half matches 66 moments with 65
parameters.

Every design is fixed in advance by recording the exact parameter values of each sampled point, and the simulation
uses a fixed seed, so every candidate economy is reproducible from its recorded parameters.

B. The year-specific parameters at the fixed pair

The 100,000-point refinement Sobol sequence is computed at (6,7) = (1.133, 4.884), the time-weighted variance
selection, over the wider triple box in the table. Given the pair, the year-specific parameters are estimated year by
year from this sequence, with a free triple for every year, including the central ones: each year is just identified —
its three moments select its three parameters — and the estimate is the sampled economy that minimizes the year’s
loss. The estimation runs under all three weightings; the time-weighted path is the one carried forward.

C. Per-year estimation under the time-varying bridge

For each year t = 1980, ...,2023 we re-estimate (03, My, {¢) with the demand pair held fixed at its Section B. value,
solving the model under that year’s measured bridge (7, #80C%) in place of the sample-average bridge. Each year is
searched on its own 5,000 quasi-random draws over a year-specific box, an order of magnitude denser locally than

the full-sample.

Boxes. For each dimension of (03, My, (), let ¢ be that year’s time-weighted estimate from the refinement (Sec-
tion B.). The initial box is the fixed-margin interval around c, intersected with the refinement’s triple box:
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Dimension Margins around ¢ Intersected with ~ Step unit

o [c/1.8, 1.8c] [0.001, 0.120] x/+18
M [0.75¢, 1.25¢], width at least 3 [4, 60] x/+ 125
z [c—0.12, c+0.12] [0.001, 1.10] +£0.12

A year’s estimate is accepted only if, under every weighting, the selected draw lies at least 10 percent of the box
width from every edge. When a year fails, the binding edge moves outward by the smallest number of step units
that restores the margin — steps may cross M = 60 and ¢ = 1.10, while ¢ and ¢ never extend below 0.001 — and the
year is re-solved on the new box.

C.6 Computation

The Sobol points are computed on a research cluster, on about one hundred cores in parallel; solving one economy
takes about one minute on a single core, so the demand costs roughly four days of machine time and the refinement
cloud about a day. The selection step is a direct search over the stored points and runs in minutes on a desktop
machine.
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D Robustness results

Here we provide the figures referred to in Section 8 - Robustness of the paper. We considered three exercises that
differ in theory and measurement from the baseline quantitative exercise in the main text:

- Measurement - Allow for time-varying estimates of 77 and 6

- Theory - Bertrand competition

- Measurement - Target a cost-weighted markup instead of sales-weighted

In each case we re-estimate the model under the set of assumptions on theory and measurement. In all cases the
below figures are similar to their counterparts for our baseline model: Figures 2 and 3. See annotations for those

figures.

D.1 Time-varying preference parameters

Mean markup (sales weighted) Reallocation rate Fixed/Total costs (sales weighted)
1.70 4 | 0.36 - | 0.22 - |
E — \[0del E a
i ===Data 0.344 A i i
1.60 - i i ) i
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Figure D1: Time-varying Preferences: Model fit - Moments
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Figure D2: Time-varying Preferences: Parameter estimates
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D.2 Bertrand competition

Mean markup (sales weighted)
1.70

Reallocation rate Fixed/total costs (sales weighted)
0.36 - 0.22
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Figure D3: Bertrand: Model fit - Moments
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Figure D4: Bertrand: Parameter estimates
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D.3 Targeting a cost-weighted aggregate markup

Mean markup (total-cost weighted) Reallocation rate
0.36
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Figure D5: Cost-weighted markups: Model fit - Moments
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Figure D6: Cost-weighted markups: Model fit - Moments
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E Additional figures and tables

Productivity: z; (log change from 1980) Selection: s; (log change from 1980) Markup: g (log change from 1980)
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Figure E1: Wedges - time series

Notes: This figure plots the time-series of the wedges that appear in the set of general equilibrium conditions of the model.
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Output (log change from 1980) Employment (log change from 1980)
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A. Productivity: z* 0.02
0.10 1 === B. Selection S;
! 0.00 =
e C. Markup 7z,
0.00 -0.02 4
-0.04 4
-0.10
-0.06 -
-0.20 T T T T -0.08 T T T T
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Year Year
Wage (log change from 1980) Total labor productivity (log change from 1980)
0.10 ~ 0.10
0.05 4§
0.00 -
0.00
-0.10 1 -0.05 -
-0.10
-0.20
-0.15
-0.30 T T . . -0.20 T T T T
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Year Year

Figure E2: The effect of aggregate equilibrium wedges on aggregate quantities and prices

Notes: For context, Panel A replicates Figure 9 from the main text. Panels B, C, and D repeat the same exercise for employment
nt, the wage wy and total labor productivity which is defined as y; — n;
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