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Abstract

What are the welfare implications of labor market power? We provide an answer to this

question in two steps: (1) we develop a tractable quantitative, general equilibrium, oligop-

sony model of the labor market, (2) we estimate key parameters using within-firm-state,

across-market differences in wage and employment responses to state corporate tax changes

in U.S. Census data. We validate the model against recent evidence on productivity-wage

pass-through, and new measurements of the distribution of local market concentration. The

model implies welfare losses from labor market power that range from 2.9 to 8.0 percent of

lifetime consumption. However, despite large contemporaneous losses, labor market power

has not contributed to the declining labor share. Finally, we show that minimum wages can

deliver moderate, and limited, welfare gains by reallocating workers from smaller to larger,

more productive firms.
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1 Introduction

A recent empirical literature has documented important deviations from the textbook, perfectly
competitive labor market, leading to a growing concern that "labor market power" may gener-
ate large welfare losses.1 One intuitive, and often discussed source of market power is that
there may be few firms in a local labor market, and that these firms understand that their hiring
and wage setting decisions affect the local labor market’s overall wage and employment levels.
Firms that have a significant impact on local labor market conditions and internalize this fact,
may maximize profits by hiring fewer workers in order to pay lower wages.

In this paper, we develop a tractable, quantitative, general equilibrium model of oligopsony
in the labor market that captures precisely this notion of labor market power. The model guides
measurement by delivering a structurally consistent notion of labor market power that is both
intuitive and easily measurable. We implement our approach using U.S. Census micro data
and use our estimated model to explore the implications of labor market power for welfare and
trends in the aggregate labor share.

We have three main results. First, the model implies substantial welfare losses from labor
market power, ranging from 2.9 to 8.0 percent of lifetime consumption. Second, despite these
large losses, we find that labor market power has not contributed to the declining labor share
because, despite an overall increase in national concentration, we find that the model consistent
measure of local labor market concentration has declined over the last 35 years. Third, we revisit
a classic question in labor economics: can a national minimum wage mitigate the effects of labor
market power? We find that a national minimum wage delivers positive, but limited welfare
gains, largely by reallocating workers from smaller to larger, more productive firms.

Our model has several features that allow for a natural interpretation of the data. Since local
labor markets are concentrated, we depart from standard models of monopsony (Burdett and
Mortensen, 1998; Manning, 2003; Card, Cardoso, Heining, and Kline, 2018; Lamadon, Mogstad,
and Setzler, 2018) by incorporating Cournot competition into a framework with a finite set of
employers (Atkeson and Burstein, 2008). Firms face upward sloping labor supply curves that
depend on their equilibrium relative size in a labor market.

Our benchmark oligopsony model features two sources of market power. First, firms in-
ternalize their upward sloping labor supply curve and second, firms are non-atomistic and
engage in Cournot competition. As a result, a firm’s equilibrium wage is a size-dependent
markdown on it’s workers’ marginal revenue product of labor. These markdowns, which are
the model consistent measure of labor market power, are closed form functions of a firm’s (ob-

1For example: Staiger, Spetz, and Phibbs (2010a), Azar, Marinescu, and Steinbaum (2017), Benmelech,
Bergman, and Kim (2018), Card, Cardoso, Heining, and Kline (2018), and Lamadon, Mogstad, and Setzler (2018).
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servable) market share, and indexed by parameters controlling the degree of within-market (η)
and cross-market (θ) labor substitutability.

We estimate these key parameters using the U.S. Census Longitudinal Business Database
(LBD) micro data by combining insights from the trade (Amiti, Itskhoki, and Konings, 2016)
and public finance (Giroud and Rauh, 2019) literatures. Our identification approach consists
of comparing the responses of a firm’s establishments to state-level corporate tax changes in
labor markets where the firm’s establishments account for a relatively large share of total pay-
roll versus labor markets within the same state where the firm’s share is smaller. The firm’s
differential wage and employment response across these markets lets us recover market-share-
dependent labor supply elasticities. Our estimates range between 0.76 for a firm that employs
the entire local labor market, to 3.74 for an atomistic firm. These elasticities map directly to the
key parameters governing labor market power in our model.

After estimating our model to match 2014 U.S. labor market conditions, we measure the
welfare losses of labor market power by computing the consumption equivalent welfare gain
associated with a counterfactual competitive (Walrasian) equilibrium in which firms do not in-
ternalize their labor market power. Under an aggregate Frisch elasticity of labor supply of 0.5,
households would be willing to give up 5.4 percent of lifetime consumption to attain the com-
petitive equilibrium, supplying 19.6 percent more labor at higher wages.2 Roughly 25 percent
of the increase in output results from a reallocation of workers from smaller, less productive
firms to larger, more productive firms. In the oligopsonistic economy, large firms have more
labor market power, so are inefficiently small. A by-product of this efficient reallocation is a
sharp rise in concentration, despite significant welfare, consumption, and output gains.

Despite large welfare losses from labor market power, we find that declining labor market
concentration increased labor’s share of income by 2.89 percentage points between 1976 and
2014. Letting our model guide measurement, we first show that the distribution of market-
level wage-bill Herfindahls is a sufficient statistic for labor’s share of income.3 Second, when
aggregating, our model implies that market-level wage-bill Herfindahls should be weighted
by each market’s total share of U.S. payroll. Using the Longitudinal Business Dynamics (LBD)
database, we show that our model relevant measure of concentration, the payroll weighted
wage-bill Herfindahl, declined from 0.20 to 0.14 between 1976 and 2014. These estimates imply
that the effective number of firms in a typical labor market was equivalent to 5.0 equally sized
firms per market in 1976, and 7.1 equally sized firms per market in 2014. With knowledge of

2Under an aggregate Frisch elasticity of labor supply of 0.2 (0.8), households would be willing to give up 2.9
(8.0) percent of lifetime consumption in order to attain the competitive equilibrium.

3The market-level wage-bill Herfindahl is the sum of the squared payroll shares of all firms within the labor
market
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parameters θ and η, our theory maps this to a 2.89 percentage point increase in labor’s share of
income, suggesting labor market concentration is not behind the declining labor share.

Given the large welfare losses from labor market power in the U.S., is there a role for mini-
mum wages to improve welfare? This is classic question in labor economics and the empirical
studies on the effect of a minimum wage (Card and Krueger, 1994) historically provided moti-
vation for developing monopsonistic models (Boal and Ransom, 1997; Manning, 2003). We first
theoretically characterize how minimum wages affect firm-level and worker-level behavior in
our environment, which features both decreasing returns to scale and strategic complementari-
ties. Our model predicts that workers reallocate to larger firms as the minimum wage increases.
We show that this is validated by recent empirical work that studies a large minimum wage in-
crease in Germany (Dustmann, Lindner, Schoenberg, Umkehrer, and vom Berge, 2019). We
show that the optimal minimum wage would exceed the bottom 5 percent of workers’ wages
in the benchmark economy, and increase welfare by 0.07 percent of lifetime consumption. The
efficacy of minimum wages is limited by the steep reduction in employment at small, low-wage
firms, for whom the minimum wage binds. This has two effects. First, concentration rises, de-
livering market power to larger, unconstrained firms who increase wages. Second, although
small firms pay higher wages, the household faces lower perceived wages—our terminology for
the theoretical adjustment of wages for demand constraints—causing aggregate employment
to decline if the minimum wage is raised too much.

Lastly, we validate the model against two sets of non-targeted moments that often enter the
discussion of labor market power: (1) the distribution of weighted and unweighted wage-bill
Herfindahls, and (2) wage-pass through. First, in both model and data, the payroll weighted
wage-bill Herfindahl, which is targeted in the calibration, is significantly lower than the un-
weighted wage-bill Herfindahl, which is not targeted. The ratio of weighted to unweighted
wage-bill Herfindahls is approximately 3.2 in the data and 2.5 in the model. Why is the pay-
roll weighted wage-bill Herfindahl so much lower than the unweighted wage-bill Herfindahl?
In both the model and data, concentrated markets are small markets. In the data, roughly 15
percent of markets have one firm, with a wage-bill Herfindahl equal to one. However, these
account for only 0.4 percent of aggregate employment and are therefore uninformative of labor
market conditions faced by most U.S. households, which is exactly what the theory consistent
weighting reflects. In the model, employment in these regions is small as monopsonists pay
low wages and hire few workers.4

Second, we replicate the quasi-experiment that identifies the reduced-form estimates of
pass-through in Kline, Petkova, Williams, and Zidar (2018). In the benchmark oligopsony

4Figure 5 provides the distribution of weighted and unweighted market concentration in both model and data.
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model we find a pass-through rate from value added per worker to wages of 42.3 percent.
For every one dollar increase in value added per worker, the wage-bill per worker increases by
42.3 cents. Kline, Petkova, Williams, and Zidar (2018) report a pass-through rate of 31.7 percent,
which, by construction, is directly comparable to our point estimate.

This paper proceeds as follows. Section 2 reviews the relevant literature. Section 3 provides
new summary statistics on labor market concentration in the U.S. in 1976 and 2014. Section 4
lays out our model. Section 5 characterizes the equilibrium. In Section 6 we establish our em-
pirical results regarding market-share dependent labor supply elasticities and use these along
with concentration data to parameterize the model. Section 7 provides our key validation exer-
cises testing the model against non-targeted moments. Section 8 presents our main quantitative
welfare results. Section 9 studies the implications of declining labor market concentration for
labor’s share of income. Section 10 applies the model to study minimum wage policy, and
Section 11 concludes.

2 Literature

Our work is related to a growing literature exploring the implications of market power. In the
product market notable empirical contributions include (Gutiérrez and Philippon, 2016; Au-
tor, Dorn, Katz, Patterson, and Van Reenen, 2017), which document an increase in national
sales concentration and a fall in the labor share across many industries. De Loecker and Eeck-
hout (2017) document an increase in product market power more directly by measuring firm
markups. Concurrent and interesting work by Rossi-Hansberg, Sarte, and Trachter (2018) doc-
ument declining regional sales and employment concentration, despite rising national concen-
tration, which is consistent with the findings in our paper. Contemporaneous work by Brooks,
Kaboski, Li, and Qian (2019) combines theory and data to study monopsony, either by a single
producer or collusive group of producers, in China and India. They find falling labor market
concentration in China and India and find a significant adverse impact of monopsony power
on labor’s share of income.

Our main empirical contributions are to (1) measure size-dependent labor supply elastic-
ities using state corporate tax shocks in the LBD (2) provide better measures of labor market
concentration for the U.S. by computing regional wage-bill shares (as opposed to employment
shares) in the U.S.

Our measurement of market-share-dependent labor supply elasticities takes as a point of
departure Giroud and Rauh (2019), who find significant effects of state corporate taxes on firm-
state employment. We cast these tax changes as shocks to labor demand. Our approach is
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related to recent advances in measuring pass-through rates from the trade literature (Amiti,
Itskhoki, and Konings, 2014, 2016), which use exchange rate shocks as instruments, but do
not interact these shocks with market shares. Our reduced form estimates of market-share-
dependent pass-through rates of corporate taxes to wages and employment are then inverted
through our model to provide the first structural estimates of market-share-dependent labor
supply elasticties. We therefore contribute to a large literature which has, to date, measured
labor supply elasticities of individual firms in specific contexts. This literature finds widely
varying labor supply elasticities, which, when viewed alone, seem to be implausible measures
of aggregate labor supply elasticities.5 Showing that firm-specific labor supply elasticities vary
systematically with the firm’s share of wage payments in a labor market reconciles the range of
low and high labor supply elasticities found in the literature.

Recently, several studies have documented cross-sectional and time-series patterns of U.S.
Herfindahls in employment (Benmelech, Bergman, and Kim, 2018; Rinz, 2018; Hershbein and
Macaluso, 2018) and vacancies (Azar, Marinescu, Steinbaum, and Taska, 2018; Azar, Marinescu,
and Steinbaum, 2017). Rinz (2018) documents declining regional employment Herfindahls, de-
spite rising national employment concentration. Our contributions to this literature are (i) to
measure and discuss the discrepancies between our model relevant wage-bill Herfindahls and
employment Herfindahls in the cross-section and over time, (ii) map these measures of concen-
tration to labor market power through a structural model, and (iii) measure the welfare losses
associated with labor market power. Moreover, we document and explain the significant dif-
ferences between weighted and unweighted wage-bill Herfindahl distributions which indicate
that much of the concentration observed in U.S. data comes from very small rural regions.

Our main quantitative contribution is to build a general equilibrium model of oligopsony
and measure the welfare costs of current levels of U.S. labor market power.6 Our departure
from benchmark models of monopsony described in (Burdett and Mortensen, 1998; Manning,
2003; Card, Cardoso, Heining, and Kline, 2018; Lamadon, Mogstad, and Setzler, 2018) is in
modeling a finite set of strategically engaged employers who engage in Cournot competition.
This allows us to interpret granular measures of concentration, such as Herfindahl indexes, and
accommodates a meaningful comparative static to a Walrasian equilibrium where such strategic

5Manning (2011), when discussing the widely cited natural experiments of Staiger, Spetz, and Phibbs (2010a)
and others: “Looking at these studies, one clearly comes away with the impression not that it is hard to find
evidence of monopsony power but that the estimates are so enormous to be an embarrassment even for those who
believe this is the right approach to labour markets.”

6This makes our work related to a large literature measuring the welfare consequences of misallocation. Most
of this literature has focused on the product market (Baqaee and Farhi, 2017; Edmond, Midrigan, and Xu, 2018),
measuring misallocation from heterogeneous markups. Our paper measures misallocation from heterogeneous
mark-downs.
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behavior is shut down.
Our framework adapts the general tools developed in Atkeson and Burstein (2008) to the

labor market, and extends them to general equilibrium.7 We further depart from Atkeson and
Burstein (2008) by integrating decreasing returns and capital. We show that these additional
ingredients are crucial to simultaneously match the distribution of labor market concentration
and labor’s share of income. Recent related work by Jarosch, Nimcsik, and Sorkin (2019) also
considers non-atomistic firms, but takes a random-search view of the labor market, constructing
a search-theoretic measure of labor market power. We view this work as complementary to
ours.

Our model features firm-specific upward sloping labor supply curves, with share-dependent
gradients. There are numerous studies measuring firm-specific labor supply curves using quasi-
experimental approaches (see Ashenfelter, Farber, and Ransom (2010) for a summary). A new
experiment by Belot, Kircher, and Muller (2017) randomly assigns higher wages to observation-
ally equivalent vacancies on an actual job-board and finds that higher wage vacancies attract
more applicants. Related studies including Dube, Jacobs, Naidu, and Suri (2018) and Banfi and
Villena-Roldan (2018) also measure job-specific upward sloping labor supply curves in well-
identified contexts.

By modeling a finite set of employers, our model may be used in the future to understand the
wage and welfare effects of mergers, firm exit, and other shocks to local labor market competi-
tion. Our model also has important implications for measurement. We show that the wage-bill
Herfindahl, as opposed to the employment Herfindahl, is a sufficient statistic—when interme-
diated through other estimated parameters of the model—for labor market competition and the
labor share. Furthermore, the employment Herfindahl overstates labor market competition by
ignoring the positive covariance between wages and employer size.

Our quantitative model features strategic complementarity between oligopsonists. Strategic
complementarity in labor markets is not new to the theoretical literature. The earliest mod-
els used to motivate monopsony power were Robinson (1933) and the spatial economies of
Hotelling (1990) and Salop (1979). Boal and Ransom (1997) and Bhaskar, Manning, and To
(2002) provide excellent summaries of strategic complementarity in spatial models of the labor
market.8 Relative to earlier stylized models, we develop a quantitative general equilibrium
model. Our framework incorporates firm heterogeneity, decreasing returns to scale, and gen-
eral equilibrium across multiple markets, making it rich enough to be estimated on U.S. Census
data. The structure then allows us to provide estimates of counterfactual welfare losses from

7See also Edmond, Midrigan, and Xu (2018)
8See also contemporaneous work by Alpanda (2019) studies the interaction between monetary policy and

monopsony.
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labor market power.

3 Labor market concentration: 1976 and 2014

In this section, we provide new statistics summarizing labor market concentration in 1976 and
2014 using the Census Longitudinal Business Database (LBD).9 The LBD provides high quality
measures of employment, location, and industry with nearly universal coverage of the nonfarm
business sector which are carefully linked over time at the establishment level and firm level.

In order to compute concentration, we must define a market. In our model, a market will
have two features: (i) a worker drawn at random from the economy will have a greater attach-
ment to one market than others on the basis of idiosyncratic preferences, but will be able to
move across markets nonetheless, and (ii) firms within a market will compete strategically.

With these assumptions in mind and given what we can observe in the LBD, we define a
local labor market as a 3-digit NAICS industry within a Commuting Zone (CZ).10 Examples of
adjacent 3-digit NAICS codes are subsectors 323-325: ‘Printing and Related Support Activities,’,
‘Petroleum and Coal Products Manufacturing,’ and ‘Chemical Manufacturing,’ which we regard as
suitably different. Examples of commuting zones include the collection of counties surrounding
downtown Minneapolis and Chicago.11

Our aim is to cleanly study labor market power without the potential confounds of product
market power. A key step in our analysis is therefore to restrict our attention to tradeable
goods industries. For these industries we conceive of the spot market for goods as outside the
local labor market, an assumption made explicit in our model. We restrict our sample to the
industries specialized in tradeable goods identified by Delgado, Bryden, and Zyontz (2014).12

In Appendix D, we show that all trends we report for the tradeable sector are also true for the
economy as a whole.

Finally, we define a firm in a local labor market as the collection of establishments operated
by that firm. Since the LBD provides establishment-level employment and pay annually, we

9Years 1976 and 2014 are the first and last years of data availability in the LBD ‘snapshot’ for, which our project
had access. For additional information regarding the data sources in this paper see Appendix C.

10Using data from the BLS Occupational Employment Statistics micro data, Handwerker and Dey (2018) show
that there is little practical difference in defining a market at the industry-city rather than occupation-city level as
these two measures are highly correlated in their sample. In particular, if one computes Herfindahl-Hirschman
Indices at the CBSA-occupation or CBSA-industry level, the two different measures of employer concentration
have a correlation of 0.97.

11Many more examples are provided in Tables C1 and C2 in Appendix C.
12These include the following 2-digit NAICS industries: 11, 21, 31, 32, 33, and 55. When identifying industries

throughout the paper, we use the time consistent 2007 NAICS codes provided by Fort and Klimek (2016).
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A. Firm-market-level averages 1976 2014

Total firm pay ($1,000’s) 470.90 1839.00
Total firm employment 37.09 27.96
Pay per employee $ 12,696 $ 65,773

Firm-market level observations 660,000 810,000

B. Market-level averages 1976 2014

Wage-bill HHI (Unweighted) 0.45 0.45
Employment HHI (Unweighted) 0.43 0.42
Wage-bill HHI (Weighted by market’s share of total payroll) 0.20 0.14
Employment HHI (Weighted by market’s share of total payroll) 0.17 0.11
Wage-bill HHI (Weighted by market’s share of total employment) 0.19 0.14
Employment HHI (Weighted by market’s share of total employment) 0.18 0.12
Firms per market 42.6 51.6
Percent of markets with 1 firm 14.6% 14.7%
National employment share of markets with one firm 0.63% 0.36%

Market-level observations 15,000 16,000

C. Across market correlations with wage-bill HHI 1976 2014

Number of firms -0.22 -0.21
Market employment -0.20 -0.21
Employment Herfindahl 0.98 0.98
Standard deviation of relative wages -0.49 -0.51

Market level observations 15,000 16,000

Table 1: Summary Statistics, Longitudinal Employer Database 1976 and 2014

Notes: Tradeable NAICS2 codes (11,21,31,32,33,55). Market defined to be NAICS3 within Commuting Zone. Ob-
servations rounded to nearest thousand and numbers rounded to 4 significant digits according to Census dis-
closure rules. Firm-market-level refers to a ‘firmid by Commuting Zone by 3-digit NAICs by Year’ observation.
Market-level refers to a ‘Commuting Zone by 3-digit NAICs by Year’ aggregation of observations.

aggregate establishments owned by the same firm within a market.13 For each resulting firm-
market-year observation we compute total employment, total pay, and herein define the wage
as total pay per worker. Appendix C provides more details on the sample restrictions and data
definitions.

Table 1 summarizes our sample from the LBD. Panel A describes characteristics of the firm-
market-year observations. Average nominal payroll was $470,900 in 1976 and $1,839,000 in
2014. Within a market, the average firm employment was 37 workers in and 28 workers in
2014. The average nominal wage was $12,696 in 1976 and $65,773 in 2014.

Panel B describes alternative measures of market concentration. First, we consider two com-

13Firm is identified by the LBD variable firmid.
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mon measures: (1) the wage-bill Herfindahl, and (2) the employment Herfindahl. Let i denote
a firm and j denote a market. Let wij denote the firm-market wage, and let nij denote the firm’s
employment in market j. Equation (1) defines the wage-bill Herfindahl, which is the sum of the
squared wage-bill shares. As we will discuss in the model section, this is the relevant measure
of market concentration according to our theory.

HHIwn
j := ∑

i∈j
(swn

ij )2 , swn
ij =

wijnij

∑i∈j wijnij
(1)

Equation (2) defines the employment Herfindahl. As we discuss in the model section, this
measure ignores the covariance of wages and employment and so is biased downward relative
to the wage-bill Herfindahl:

HHIn
j := ∑

i∈j
(sn

ij)
2 , sn

ij =
nij

∑i∈j nij
(2)

We provide across-market means of these statistics, unweighted and weighted by market
payroll. The unweighted average wage-bill Herfindahl is 0.45 and remains unchanged between
1976 and 2014. Likewise for the employment Herfindahl, falling slightly from 0.43 to 0.42.
When weighted by market-level payroll, however, the level of average Herfindahls drop. This
is a distinct statistical property of labor market concentration that our model will reproduce.

In the time-series, changes are also more pronounced when the Herfindahls are weighted. We
weight the market-level Herfindahls by market-level payroll—which will be the model relevant
weighting scheme—and market-level employment. The payroll weighted wage-bill Herfindahl
declines from 0.20 to 0.14. The payroll weighted employment Herfindahl declines from 0.17 to
0.11. If we weight by total employment instead, we also see a similar result.14 In Appendix D,
we show that these patterns are consistent in non-tradeable industries. In the broad economy,
labor market concentration begins at a similar level and falls by a similar magnitude.

Why is there a large discrepancy between the weighted and unweighted Herfindahls? Ap-
proximately 14 percent of markets in both periods have only one employer, and so have Herfind-
ahls equal to one. But these markets account for less than one percent of national employ-
ment. When weighted by payroll or employment, sparsely populated markets are ignored and
Herfindahls decline three-fold.

Finally, Panel C shows that, as expected, the number of firms and total market employment
are negatively correlated with the Herfindahl. This negative correlation is important for under-

14The employment weighted wage-bill Herfindahl declines from 0.19 to 0.14, and the employment weighted
employment Herfindahl falls from 0.18 to 0.12.
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Figure 1: Labor Market Concentration, 1976 and 2014

standing why the weighted and unweighted Herfindahls are so different (Panel B). Despite this,
employment and wage-bill Herfindahls are highly correlated. More interestingly, we find that
across markets the correlation of (a) the market Herfindahl and (b) within market dispersion
of relative wages, is also strongly negative.15 More concentrated markets have less dispersed
wages. Our model will target a single concentration measure and use these other moments as
over-identifying tests of the quantitative relevance of our theory.

Figure 1 illustrates the changes in concentration graphically. Panel A describes the changes
in the weighted Herfindahl indexes. To interpret these Herfindahls, Panel B plots the inverse
wage-bill Herfindahl ( 1

HHIwn
j

) and the inverse employment Herfindahl ( 1
HHIn

j
). The Inverse Herfind-

ahl (IHI) can be interpreted as the effective number of equally sized firms competing in the
market.16 Using the inverse payroll weighted wage-bill Herfindahl, the effective number of
firms in tradeable U.S. labor markets increased from 5.01 in 1976 to 7.09 in 2014. Labor mar-
ket concentration has fallen according to both measures, and the effective number of firms per
market has risen. In the raw data, we also observe a 20 percent increase in the average number
of firms per market.

To map these measures of labor market concentration to welfare, we require a model. Our

15A firm’s relative wage is defined by wrel
ij :=

wij Mj
∑i wij

, where Mj is the number of firms in market j. We then
compute the standard deviation of this term within each market j.

16If three firms operate in a market and have equal shares, then the Herfindahl is 1/3 = ∑i∈j(1/3)2. So a market
with Mj firms of different sizes and a Herfindahl of 1/x has the same level of concentration as a market with x
firms of equal size.
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theoretical framework is specifically designed to accommodate these commonly used statistics.
In fact, within our framework wage-bill Herfindahls and knowledge of key structural parame-
ters are a sufficient set of ingredients to compute the share of aggregate income paid to workers.
From the point of view of measurement, we can also quantify how other measures of concen-
tration that are not welfare relevant are biased with respect to our statistics.

4 Model

4.1 Environment

Agents. The economy consists of a representative household and a continuum of firms. Firms
are heterogeneous in two dimensions. First, firms inhabit a continuum of different local labor
markets indexed by j ∈ [0, 1]. In each labor market there are an exogenously given finite num-
ber of firms indexed i ∈ {1, 2, ...Mj}. Second, firms are heterogeneous in their productivity
zijt ∈ (0, ∞). Productivities are drawn from a distribution F(z) which is location invariant. The
only ex-ante difference between markets is Mj.

Goods and technology. The household finds the goods that the continuum of firms produce
to be perfect substitutes, and hence trade in a perfectly competitive economy-wide market at a
price Pt that we normalize to one. These indistinguishable goods can be used for consumption
or investment. The technology for production uses inputs of capital kijt and labor nijt. Let Z be
a common component of productivity across firms.17 A firm then produces yijt according to the
production function:

yijt = Zzijt

(
k1−γ

ijt nγ
ijt

)α
, γ ∈ (0, 1) , α > 0.

We remain agnostic as to the degree of returns to scale α and estimate this along with other
model parameters. The capital stock is owned by the representative household, and rented
to firms in a competitive market at price Rt. To model imperfect labor market competition, we
draw on tools developed in the trade literature (Atkeson and Burstein, 2008), which we describe
in detail.

17In our calibration we will use Z to scale the economy such that it replicates the average wage in Table 1.
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4.2 Household

Preferences and problem. A representative household chooses the amount of labor to supply
to each firm, nijt, how much capital to carry into next period, Kt+1, and how much of each good,
cijt to consume in order to maximize their net present value of utility. Given an initial capital
stock K0, the household solves the following problem:

U0 = max
{nijt,cijt,Kt+1}

∞

∑
t=0

βtu

Ct −
1

ϕ̄
1
ϕ

N
1+ 1

ϕ

t

1 + 1
ϕ

 , β ∈ (0, 1) , ϕ > 0 (3)

where the aggregate disutility of labor supply is given by,

Nt :=

[ˆ 1

0
N

θ+1
θ

jt dj

] θ
θ+1

, θ > 0

Njt :=
[

n
η+1

η

1jt + · · ·+ n
η+1

η

Mj jt

] η
η+1

, η > θ

and maximization is subject to the household’s budget constraint:

Ct +
[
Kt+1 − (1− δ)Kt

]
=

ˆ 1

0

[
w1jtn1jt + · · ·+ wMj jtnMj jt

]
dj + RtKt + Πt, (4)

Ct =

ˆ 1

0

[
c1jt + · · ·+ cMj jt

]
dj. (5)

The return on capital, net of depreciation, is Rt. Firm profits, Πt, are rebated lump sum to the
household. The function u is twice continuously differentiable with u′ > 0, u′′ < 0 and satisfies
the Inada conditions. The final equation captures the fact that consumption goods produced by
firms are perfect substitutes, such that our assumption of a single price Pt = 1 is valid.18

Notation. Our convention is to use a bold font to denote indexes. Indexes are not directly
observable in the raw data but can be constructed from observables. For example, the disutility
of labor supply is given by Nt, and does not correspond to any aggregates reported by the

18Observe that since we are solving the model with decreasing returns to scale in production, we are ar-
bitrarily able to introduce monopolistic competition in the market-wide spot market for goods. Let Ct =[´

∑i∈j c(σ−1)/σ
ijt dj

]σ/(σ−1)
, then under the household’s optimal demand schedules, the only difference will be that

the firm optimizes a revenue function for the firm that is isomorophic to a decreasing returns to scale production
function. Firms would all charge a fixed markup, and additional profits from product market power would be
rebated to the household. To keep our analysis clean, we ignore this case.
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Bureau of Labor Statistics. However, given parameters, Nt can be constructed from data on
observed firm-level employment, {nijt} from the universe of firms. If we compute an aggregate
such as labor Nt, this is computed by adding up bodies: Nt = ∑ij nijt.

Elasticities. The elasticities of substitution at the firm and market levels, η > 0 and θ > 0,
jointly play a role in the labor market power of firms. Both across and within markets, the
lower the degree of substitutability, the greater the market power of firms. Below we discuss a
micro-foundation of the representative agent problem—presented in full in Appendix B—that
exactly maps these parameters into the relative net costs to individuals of relocating within
versus across markets.19

Across-market substitutability θ stands in for mobility costs across markets, which are often
estimated to be significant (Kennan and Walker, 2011). As such costs increase (θ → 0), the rep-
resentative household minimizes labor disutility Nt by choosing an equal division of workers
across markets: Njt = Nj′t, ∀j, j′ ∈ [0, 1]. This limiting case results in the largest degree of local
labor market power for firms as the total allocation of employment to a market is completely
inelastic market by market, and does not respond to market wages. As substitutability ap-
proaches infinity, the representative household chooses to send all workers to the market with
the highest wages, eroding the market power of firms outside of that market.

Within-market substitutability η stands in for within-market, across-firm mobility costs such
as the job search process (Burdett and Mortensen, 1998), some degree of non-generality of ac-
cumulated human capital (Becker, 1962), or heterogeneity in worker-firm specific amenities
or commuting costs. As substitutability within a market declines (η → 0), the representative
household minimizes within-market disutility of labor supply Njt by choosing an equal divi-
sion of workers across firms: nijt = ni′ jt, ∀i, i′ ∈ {1, 2, ...Mj} . This generates the largest degree
of monopsony power for firms. Regardless of its wage, firm ij will employ the same number
of workers, allowing it to push down wages while maintaining its workforce. As substitutabil-
ity increases, the representative household sends all workers it allocated to the market to the
firm with the highest wage. The local labor market becomes perfectly competitive and firms set
equal wages.

Labor supply. Given the distribution of wages {wijt}, the necessary conditions for household
optimality consist of first order conditions for labor at each firm {nijt}. Combining these yields

19By net costs we have in mind total mean non-pecuinary benefits—such as firm-worker specific amenities—
minus total non-pecuinary costs—such as firm-worker specific commuting costs.
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the following system of firm specific, upward sloping, labor supply curves:

nijt =ϕ̄

(
wijt

Wjt

)η(
Wjt

Wt

)θ

Wϕ
t , for all ij (6)

This expression includes our definitions of the market wage index Wjt and the aggregate wage
index Wt. Wt and Wjt are defined as the numbers that satisfy

WjtNjt := ∑
i∈j

wijtnijt , WtNt :=
ˆ 1

0
WjtNjt dj.

Together with (6) these definitions imply the following indexes:

Wjt =

[
∑
i∈j

w1+η
ijt

] 1
1+η

, Wt =

[ˆ 1

0
W1+θ

jt dj

] 1
1+θ

. (7)

Equation (6) immediately implies that labor supplied to a firm increases when that firm offers a
higher wage. Since we focus on Cournot competition, it is convenient to work with the inverse
labor supply function:

wijt = ϕ̄
− 1

ϕ

(
nijt

Njt

) 1
η
(

Njt

Nt

) 1
θ

N
1
ϕ

t (8)

We state the remaining optimality conditions for consumption and capital in Appendix E.

Micro-foundation. What is our representative household representative of? In Appendix B
we micro-found our preference specification. In the model presented, labor supply curves to
firms are determined by a representative agent with nested-CES preferences. We show that the
exact same supply system described by equations (6) and (7) can be obtained in an environment
with heterogeneous workers making independent decisions.

The environment is as follows. Each worker decides which firm to work for and how many
units of labor to supply. In making this decision, each worker minimizes the total disutility
of attaining some random level of income. Total disutility is the sum of the logarithm of hours
supplied and a worker specific disutility of supplying labor to each firm, ξij. The worker specific
disutility of supplying labor to each firm is iid across individuals and time, and drawn from a
correlated Gumbel distribution in which θ governs the overall variance of ξij, and η governs
the within-market conditional correlation of ξij.
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Similar, non-nested, formulations of individual decisions have been used to model the total
supply of labor to a firm in competitive markets by Card, Cardoso, Heining, and Kline (2018)
and Borovickova and Shimer (2017). Our contribution is to adapt existing results in the discrete
choice literature to demonstrate a supply-system equivalence with our ‘nested-CES’ represen-
tative household specification, and to set the problem in oligopsonistic markets.20

Additionally, under constant returns to scale, we can establish that the same supply sys-
tem obtains in the steady-state of a dynamic discrete-choice setting in which workers are paid
constant individual-firm specific, constant wages. Workers then separate from their firm with
probability δ and when separating draw a new firm, and firms compete in a dynamic oligop-
sony for these workers.

Beyond unifying alternative approaches, this micro-foundation is useful for delivering an
intuitive interpretation of our key parameters θ and η.21 In the discrete choice setting, increas-
ing θ decreases workers’ overall variance of net disutility ξij. If θ is high, a worker has a high
likelihood that their lowest draws of non-wage utility ξij are close together, increasing overall
competition on wages between firms. Increasing η increases the covariance of ξij within mar-
kets. If η > θ, then the smallest realizations of a worker’s disutilities are more likely to be
bunched within a particular j, so facing similar non-pecuniary utility the worker closely com-
pares wages within j. If η ≈ θ, then the smallest realizations of a worker’s disutilities are more
likely to be spread across sectors, so the worker compares wages across j’s. In the former case, a
productive firm in sector j is shielded from competing with the continuum of firms outside of
its market. This provides a direct mapping of the model back to the originally proposed sources
of monopsony power by Robinson (1933).22

An important feature of the model is that workers are not confined to particular markets.
The micro-foundation makes clear that workers are able to move across markets. The limitation
that markets impose is on the boundary of the strategic behavior of firms. Within markets firms

20We adapt arguments from the product market case due to Verboven (1996). In that paper the author estab-
lishes the equivalence of nested-logit and nested-CES, extending the results of Anderson, De Palma, and Thisse
(1987) who established an equivalence between single sector CES and single sector logit.

21This framework also clarifies the economics of the wage indexes Wt (Wjt). These relate the ex-ante expected
utility of one unit of labor supply in the economy (sector j)

22To quote in full: “We have seen in what circumstances the supply of a factor to an industry may be less than perfectly
elastic. The supply of labor to an individual firm might be limited ... there may be a certain number of workers in the
immediate neighborhood and to attract workers from further afield it may be necessary to pay a way equal to what hey can
earn at home plus their fares to and fro; or there may be workers attached to the firm by preference or custom... Or ignorance
may prevent workers from moving from one firm to another.” In our micro-foundation of the CES supply structure
the heterogeneous ξij realizations across workers could reasonably be interpreted in any of these ways. A firm’s
marginal cost of labor curve lies above its supply curve because to hire more labor it must (i) pay more to hire a
new worker away from another firm that that workers has a lower disutility of working for, (ii) must then pay this
wage to all workers.
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are strategic, but with respect to firms in other markets, firms are price takers. We now describe
the behavior of the firm.

4.3 Firms

Firms draw idiosyncratic productivities zijt from a distribution F(z). Within a market, we as-
sume that Mj firms engage in either Cournot or Bertrand competition. Firms take the aggre-
gate wage index Wt and aggregate labor supply Nt as given. In order to maximize profits,
firms choose how much capital to rent, kijt, and either the number of workers to hire nijt (i.e.
Cournot competition) or wages wijt (i.e. Bertrand competition). Our baseline calibration as-
sumes Cournot competition and Appendix E explores Bertrand competition.

The firm maximizes profits:

πijt = max
nijt,kijt

Zzijt

(
k1−γ

ijt nγ
ijt

)α
− Rtkijt − wijtnijt , subject to (8).

Given capital demand, we can rewrite firm profits. To facilitate derivations, we define three
hyper-parameters:

α̃ :=
γα

1− (1− γ) α
, z̃ijt := [1− (1− γ) α]

(
(1− γ) α

Rt

) (1−γ)α
1−(1−γ)α

z
1

1−(1−γ)α

ijt , Z̃ := Z
1

1−(1−α)γ

With this notation, the firm’s labor demand problem can be expressed as follows:

πijt = max
nijt

Z̃z̃ijtnα̃
ijt − wijtnijt , subject to (8). (9)

Define the marginal revenue product of labor: MRPLijt = α̃Z̃z̃ijtnα̃−1
ijt . Then the first order con-

ditions of this problem yield the solution that the wage is a markdown (µijt) below the marginal
revenue product of labor:

wijt = µijtMRPLijt , µijt ∈ (0, 1).

Figure 2 provides a graphical depiction of firm optimality. Decreasing returns to scale in
production yields a downward sloping marginal revenue product of labor strictly below the
average revenue product. An internalized sloping labor supply curve yields an upward sloping
marginal cost of labor that lies strictly above labor supply (which is equivalent to the average
cost of labor): adding an additional unit of labor costs more than just the higher wage to the
marginal worker, since the firm must increase wages paid to all workers. As such, choosing
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Figure 2: Firm level optimality

nijt such that labor’s marginal revenue product equals its marginal cost necessarily yields a
markdown of the wage w∗ij relative to marginal revenue product.

In the Nash equilibrium, this markdown is determined by the equilibrium elasticity of the
firms’ inverse labor supply curve (1/εijt). Given their competitors’ labor demands, this is
straight-forward to compute using the inverse labor supply curve (8):

1
εijt

:=
d log wijt

d log nijt
=

1
η
+

(
1
θ
− 1

η

)
d log Njt

d log nijt︸ ︷︷ ︸
swn

ijt

, swn
ijt :=

wijtnijt

∑k∈j wkjtnkjt
.

In the nested-CES case, the Nash equilibrium inverse labor supply elasticity is linear in the
sectoral payroll share of the firm, swn

ijt . Markdowns are therefore given by:

µijt =
εijt

εijt + 1
, εijt =

[
1
η

(
1− swn

ijt

)
+

1
θ

swn
ijt

]−1

. (10)

Appendix E provides the derivations of these expressions.
These markdowns, our measure of labor market power, depend on a firms own (observ-

able) market share as well as the degree of within-market (η) and cross-market (θ) labor sub-
stitutability. In other words, the markdowns vary by firm characteristics. This can easily seen
by returning to Figure 2. Panel A describes the equilibrium outcomes for a low productivity
firm. Relative to the high productivity firm in panel B, the low productivity firm has a lower
MRPLij for any nij. In equilibrium it has both lower wages, w∗ij, and lower employment, n∗ij, so
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its equilibrium share of wage payments, swn∗
ij , is smaller. With a smaller share of the labor mar-

ket wage payments, its inverse elasticity of labor supply is larger, and its supply curve flatter.
A flatter inverse supply curve yields a narrower markdown at its optimal labor demand, n∗ij.
The larger firm faces an endogenously steeper labor supply curve and hires workers at a wider
markdown.

Before proceeding, we note that labor market power, µijt, is distinctly identified from prod-
uct market power in the tradeable goods market (the focus of our paper). Tradeable goods
prices that are set non-competitively by a firm, if included in our framework, would enter
the marginal revenue product, MRPLijt, and be distinct from what we call the labor market
markdown. If tradeable goods prices are set by Cournot or Bertrand competition in a national
NAICS3 market, then this price setting decision will not affect our estimation of µijt (described
in more detail in Section 6). We recover µijt by comparing local labor market responses to corpo-
rate tax changes within a NAICS3 code. So long as tradeable good prices (e.g. furniture prices)
do not differ across local labor markets within a state, our estimate of µijt only captures labor
market power.

4.4 Equilibrium

We will focus on a steady state equilibrium and drop time subscripts from this point forward.
The economy-wide vector of wage-bill shares, swn = {swn

j } where swn
j = (swn

1j , . . . , swn
Mj j

), is
the only object that needs to be determined in a steady state equilibrium. This is key to our
empirical strategy, since in Census data we will be able to measure exactly these shares.

A steady state equilibrium is a vector of wage-bill shares that yields wages and employment
consistent with the vector of wage-bill shares. The steady state equilibrium interest rate is
determined by the discount factor.

Definition A steady state equilibrium is a vector of wage-bill shares swn and an interest rate r, that are
consistent with firm optimization, and that clear the labor market, capital market, and final good market.

5 Characterization

We discuss the properties of the equilibrium in two steps. First, we describe the role of labor
market power in determining employment and wages at the market level. Second, we describe
the role of labor market power in determining employment and wages at the aggregate level.
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5.1 Market equilibrium

In this section, we explore several properties of the model. Lemma 5.1 summarizes the rela-
tionship between wage-bill shares, labor supply elasticities, and markdowns. If µ1 < µ2 our
convention will be to describe µ1 as having a greater, or wider, mark-down.

Lemma 5.1. Firms with larger market shares face smaller labor supply elasticities, and pay wages that
represent larger mark-downs:

∂εij

∂swn
ij

< 0 ,
∂µij

∂swn
ij

< 0.

Share dependence of labor supply elasticities. Under the maintained assumption that η >

θ, large firms within a market face lower labor supply elasticities (if sij > skj, then εij < εkj).
Single firm monopsonists face a labor supply elasticity of θ, whereas infinitesimally small firms
face a labor supply elasticity of η. In Section 6 we will use quasi-natural experiments that shift
MRPLij to estimate how εij varies by sij in the data and use this to infer η and θ.

To further explore how strategic interaction works in the model, Figure 3 plots examples of
the equilibrium shares, markdowns, wages, and employment in three markets. The first market
has a single low productivity firm (red), the second adds a firm with median productivity (blue),
the third an additional high productivity firm (green).23

Consider the market with a single firm. Panel (A) shows that the wage bill share is one.
Panel (B) shows that the markdown on the marginal product of labor is approximately 73 per-
cent which is equal to θ/(θ + 1) since they face the lower bound on labor supply elasticities,
θ (see Lemma E.2). Panel (C) shows that wages are low due to low productivity and a wide
markdown, while panel (D) shows that these contribute to low employment.

Consider the addition of a firm with higher productivity, a duopsony. The low-productivity
firm’s wage bill share drops to around 25 percent and the firm with higher productivity hires
most of the market. The low-productivity firm’s markdown narrows to around 60 percent, as
with increased competition they face a labor supply elasticity closer to η than θ. Panels (C) show
that with no change to its productivity, but with narrower markdowns, the less productive
firm’s wage increases. Panel (D) shows that despite this wage increase, the higher wage at its
new competitor causes the low productivity firm’s employment to fall. Adding another firm,
the markdown at the low- and mid-productivity firms declines. The largest firm has the greatest
markdown (panel (B)), but pays more (panel (C)) and employs more workers (panel (D)).

In equilibrium, strategic interaction naturally occurs when there is local labor market power
(η > θ) and finitely many firms. This leads to a negative covariance between markdowns and

23Figure 3 is constructed from our benchmark calibration of the model (Section 6).
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Figure 3: Oligopsonistic equilibrium in three labor markets

productivity—visible along the green line in Panel (C)—which will show up as a wedge in the
aggregate conditions that we now turn to. These consequences of labor market power would
be ignored in a model of monopsonistic competition.

5.2 General equilibrium

A key object of interest in macroeconomic studies of the labor market is the share of total output
being paid to labor. In this section, we aggregate across markets to characterize the general
equilibrium labor share.

We show that labor’s share of income is a function of market-level wage-bill Herfindahl
indexes which we define as follows:

HHIwn
jt := ∑

i∈j
(swn

ijt )
2 (11)

The model relevant aggregate measure of the extent of local labor market concentration is the
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inverse of the payroll weighted wage-bill Herfindahl:

ĨHI
wn
t =

[ˆ 1

0
swn

jt HHIwn
jt dj

]−1

, swn
jt =

∑i∈j wijtnijt´
∑i∈j wijtnijt dj

,

where swn
jt is market j’s share of aggregate income.

Under Cournot competition, we can show that the labor share is determined by this statistic,
intermediated by the key parameters of our model, η and θ:

LSt =
α̃ ĨHI

wn
t(

η+1
η

)
ĨHI

wn
t +

(
θ+1

θ −
η+1

η

) (12)

The intuition for this expression is as follows. A single firm’s labor share is proportional to
its markdown. The market-level labor share LSjt will put highest weight on firms that pay the
largest share of wages in each market, which, in our model, are also firms with the widest mark-
downs and so lowest labor shares. Comparing two markets, a market with a higher HHIwn

jt has
more dispersed shares, so its largest firms have both a lower markdown and a greater share
of wage payments, leading to a lower market-level labor share. This delivers a closed-form
relationship between LSjt and HHIwn

jt . That local labor shares LSjt are then aggregated to the
economy-wide labor share using payroll weights swn

jt , is accounting.
Under the assumption of stable preferences—and once η and θ are known—equation (12)

implies that the dynamics of the distribution of local wage-bill Herfindahls is sufficient to fore-
cast labor share dynamics. A contribution of this paper is to both identify η and θ, and measure
this statistic in the same Census data.

Lemma 5.2.

(i) Under oligopsonistic competition (η > θ) the labor share is an increasing function of the wage-bill
weighted inverse Herfindahl index, ∂LS

∂ ĨHI
wn > 0. Under monopsonistic competition (η = θ), the

labor share is independent of the wage-bill weighted inverse Herfindahl index.

(ii) Suppose cov(wij, nij) > 0, then the wage-bill Herfindahl is strictly larger than the employment
Herfindahl, HHIwn

j ≡ ∑i∈j(swn
ij )2 > HHIn

j ≡ ∑i∈j(sn
ij)

2.

Lemma 5.2 has important implications for measurement. Part (i) implies that labor’s share
of income is determined by the wage-bill Herfindahl, as defined in equation (11). Our theory
rationalizes why the wage-bill Herfindahl can be used as a proxy for both local and national
labor shares.
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The model-implied measure of labor market concentration differs from most existing stud-
ies. For example, recent work by Benmelech, Bergman, and Kim (2018) and Rinz (2018) use em-
ployment Herfindahls. Independent of our model framework, employment Herfindahls under-
state concentration since they ignore the positive relationship between wages and employment,
i.e. the positive size-wage premium. Part (ii) states this formally. So long as there is a size-wage
premium—a robust feature of the data (Brown and Medoff, 1989; Lallemand, Plasman, and
Rycx, 2007; Bloom, Guvenen, Smith, Song, and von Wachter, 2018)—Lemma 5.2 shows that the
employment Herfindahl understates concentration relative to the wage-bill Herfindahl.

6 Calibration and estimation

We discipline the model in two steps. First, we estimate share-dependent labor supply elastici-
ties using identified corporate tax shocks and the LBD micro data. We show that these estimates
allow us to directly infer the degree of within-market (η) and cross-market (θ) labor substi-
tutability. Second, we calibrate the remaining parameters to target relevant moments included
in Table 1.

6.1 Intuition

As discussed in Section 5, the model predicts that the labor supply elasticity faced by firms
varies by their market share (equation 10). If this relationship were known in the data, it would
precisely pin down the elasticities of substitution of labor within and across sectors. Existing
work estimating labor supply elasticities to firms has focused either on specific markets (e.g.
(Webber, 2016; Staiger, Spetz, and Phibbs, 2010b), or in well identified responses to small ex-
perimental variations in wages (Arindrajit Dube, 2019; Dube, Cengiz, Lindner, and Zipperer,
2019). A contribution of this paper is to estimate a share-elasticity relationship through a novel
quasi-natural experiment using a large cross-section of firms.

The intuition for our procedure is as follows. We estimate how the pass-through rate of de-
mand shocks to wages and employment depends on local labor market shares. We then invert
this reduced form relationship using our model to recover structural estimates of market-share-
dependent labor supply elasticities. To estimate this reduced form relationship, we study the ef-
fect of state corporate taxes changes on firm-level employment and wages. To identify how
pass-through rates vary by market share, we compare how the same firm responds to these
shocks differentially across markets within the same state.

Corporate tax changes constitute a shock to firm labor demand via their distortion of ac-
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counting profits relative to economic profits. In our framework this would be realized as a shift
in the marginal revenue product of labor.24 We show that the mapping of our model to the data
does not require us to take a stance on the transmission mechanism linking corporate taxes to
productivity. Nevertheless, Appendix G shows how corporate tax rates map to shocks to the
marginal revenue productivity of labor in our framework.

6.2 Regression framework

To identify the reduced form relationship between market-shares and the pass-through rate of
corporate taxes to wages and employment, we compare how plants owned by the same firm
within the same state, but in different markets and with different market shares swn

ij , respond
differently to the labor demand shock induced by the change in state corporate taxes.

To isolate this variation in a regression framework, we use firm-by-state fixed effects and
further restrict our sample to firms operating in at least two markets. Let i denote the firm
identifier (firmid), let j denote industry (3-digit NAICS), let k denote commuting zone, and let
t denote year. Let yijkt denote the outcome of interest at the firm-i, market-jk, year-t level, such
as employment or the wage. The term αis(k) denotes firm-state fixed effects.25 Let δj, ψk, and µt

denote industry, commuting zone, and year fixed effects, respectively. Let τs(k)t denote state-
level corporate taxes and swn

ijkt denote the wage-bill share of firm i in industry j and commuting
zone k in year t.26

We estimate specifications of the following form:

log nijkt = αis(k) + δj + φk + µt + ψswn
ijkt + βτs(k)t + γ

(
τs(k)t × swn

ijkt

)
+ εijkt. (13)

The coefficients of interest are β and γ, which capture the average effect of corporate rate
changes and how that effect varies with the market share of a firm. Note that only within-firm,
across-tax-regime differences identify these parameters. If either (i) τs(k)t is constant over the
sample period, or (ii) swn

ijkt is constant across markets within a firm, then β and γ are absorbed
into firm-state fixed effects αis(k).

24Giroud and Rauh (2019) establish the plausible exogeneity of state-corporate tax changes. From a public
finance perspective they study the effects of state corporate tax changes on employment and wages. Their focus is
within firm, across state responses, and the reallocation of firm employment across states following tax changes. For
an exhaustive description of these tax changes we point the interested reader to their paper.

25In this exercise only, we exclude commuting zones that straddle multiple states since defining a market gives
rise to conceptual issues.

26State-level corporate taxes are proportional flat-taxes on firms’ accounting profits. Our data for
state-level corporate taxes comes from the data made publicly available by Giroud and Rauh (2019):
(https://web.stanford.edu/ rauh/).
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6.3 Sample

In order to remove product market power from the analysis we restrict our sample to tradeable
industries identified by Delgado, Bryden, and Zyontz (2014) and listed in Appendix C.27 To
reiterate Section 3, we define a market to be a 3-digit NAICS industry within a commuting
zone. We aggregate plants owned by the same firm (the same firmid) within a market, such that
an observation in our analysis is a firm-market-year. For each observation, we compute wages
as total pay per worker. As we rely on state-level corporate tax variation to isolate changes in
labor demand, we restrict our analysis to C-Corporation firms (C-Corps) in the LBD from 2002
to 2012.28

Table 2 includes summary statistics for our sample at the firm-market-year level. There are
4.5 million observations. The average corporate tax rate in our dataset is 7.14 percent. The
average worker earns $56,541 (=$2,148,000/37.99). The average firm has 38 employees and a
market wage-bill share of 3 percent. The standard deviation of wage-bill shares is equal to 0.12,
indicating that most firms have wage bill shares well below 20 percent and that the distribution
of shares is left-skewed. In a typical market, the wage-bill Herfindahl indicates concentration
that would be equivalent to roughly 10 equally sized firms (= 1/0.10).29 As the theory predicts,
the employment Herfindahl understates concentration and is equivalent to roughly 11.1 equal
sized firms (= 1/0.09). The number of firms in a market is highly skewed; while the average is
1, 345, the average of the log of the number of firms per market implies only 260 (= exp(5.56))
firms per market.

6.4 Empirical results

Table 3 estimates equation (13), progressively adding covariates and fixed effects. We start with
(log) employment as a dependent variable. Column (1) projects firm-market-year employment
on corporate taxes τs(k)t including year and commuting zone fixed effects. Since τs(k)t is in
percent, the coefficient on τs(k)t is an elasticity: A one percent increase in corporate taxes results
in a 0.18 percent reduction in employment at the firm-market-year level. Column (2) adds
our full set of industry and firm-state fixed effects, followed by column (3) which adds the
interaction with firm market shares, and column (4) which includes both the full set of fixed
effects and the interaction term.

27See additional discussion in Section 3
28The tax series ends in 2012. In the ‘Year t+1’ specifications, we use employment and wage information from

the 2013 LBD.
29Note that concentration measures are lower here than in Table 1. In restricting our sample of firms to those

with establishments in at least two markets within the same state, we reduce the number of small, highly concen-
trated markets. A hypothetical market with one single-establishment firm, for example, will have been dropped.
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Variable Mean Std. Dev.

Corporate tax rate (percent) τs(k)t 7.14 3.19
Change in corporate tax rate ∆τs(k)t 0.05 0.78
Total Pay At Firm (Thousands) wijtnijt 2,148 19,010
Employment nijt 37.99 215.2
Wage bill Herfindahl HHIwn

jt 0.10 0.16
Employment Herfindahl HHIn

jt 0.09 0.15
Wage bill share swn

ijkt 0.03 0.12
Employment share sn

ijt 0.03 0.11
Number of firms per market Mj 1,345 2,813
Log number of firms per market log Mj 5.56 2.01
Log employment log nijkt 2.39 1.32
Log wage log wijkt 3.58 0.71

Observations 4,425,000

Table 2: Summary Statistics

Notes: Tradeable C-Corps from 2002 to 2012.

In column (4), the coefficient on the wage-bill share is positive and significant indicating
that larger firms have greater employment responses on average. However, the positive and
significant interaction between the tax rate and share shows that the pass-through rate of taxes
to employment is weaker for firms with larger market shares. To interpret the interaction terms,
it is useful to consider some examples. The mean wage-bill share is 0.03 and one standard de-
viation is 0.11. Therefore roughly 68 percent of our observations have market wage-bill shares
less than 0.14. The elasticity of employment with respect to the corporate tax rate is −0.32% for
a firm with a wage bill share of 0.03 and−0.15% for a firm with a wage bill share of 0.14. Corpo-
rate tax rates reduce employment, consistent with Giroud and Rauh (2019), and the impact of a
corporate tax rate change is roughly 50% smaller in markets where the firm has a one-standard
deviation larger wage-bill share.

Columns (5) through (8) of Table 3 repeat the above with the firm-market-year wage as
the dependent variable. We focus our attention on column (8) which includes firm-state and
industry fixed effects. In this column, the elasticity of wages with respect to the corporate tax
rate is −0.18% for a firm with a wage bill share of 0.03 and −0.14% for a firm with a wage bill
share of 0.14. These coefficients indicate that corporate tax rates reduce wages, and the impact of
a corporate tax rate change is roughly 25% smaller in markets where the firm has a one-standard
deviation larger wage-bill share. Comparing Columns (4) and (8), the relative employment and
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Dependent variable log nijkt log nijkt log nijkt log nijkt log wijkt log wijkt log wijkt log wijkt
(1) (2) (3) (4) (5) (6) (7) (8)

τs(k)t -0.00180*** -0.00357*** -0.00367*** -0.00368*** -0.00263*** -0.00181*** -0.00305*** -0.00187***
(0.000618) (0.000644) (0.000859) (0.000757) (0.000644) (0.000584) (0.000782) (0.000588)

swn
ijkt 3.263*** 2.085*** 0.537*** 0.214***

(0.0801) (0.0467) (0.0322) (0.00724)
τs(k)t × swn

ijkt 0.0810*** 0.0158*** 0.0168*** 0.00310***
(0.0112) (0.00495) (0.00496) (0.000749)

Year FE Y Y Y Y Y Y Y Y
Commuting zone FE Y Y Y Y Y Y Y Y
Industry FE N Y N Y N Y N Y
(Firm×State) FE N Y N Y N Y N Y

R-squared 0.036 0.872 0.132 0.879 0.112 0.819 0.122 0.82
Round obs. 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000

Table 3: Regression of contemporaneous market level employment and wages on state-level
corporate taxes and market payroll share.

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at State × Year level. Tradeable C-Corps from
2002 to 2012.

wage responses at small and large firms determine the market-share-dependent labor supply
elasticity. Relative to the wage response—the employment response is muted at larger firms,
indicating a lower labor supply elasticity at larger firms.

Table 4 repeats the analysis using employment and wages measured one year after the cor-
porate tax rate change. We estimate equation (13) using year t + 1 employment, log nijkt+1, as
the dependent variable. In column (1), the coefficient on τs(k)t indicates that a 1 percent increase
in corporate taxes in year t results in a 0.16 percent reduction in employment in year t + 1 mea-
sured at the firm-market-year level. Column (4) is our benchmark employment specification.
The elasticity of employment with respect to the corporate tax rate is −0.27% for a firm with
a wage bill share of 0.03 and −0.08% for a firm with a wage bill share of 0.14, now around
one-quarter as large.

In contrast to employment responses, the wage responses in year t and year t + 1 are about
the same. Column (8) implies that the elasticity of wages with respect to the corporate tax rate
is −0.08% for a firm with a wage bill share of 0.03 and −0.04% for a firm with a wage bill
share of 0.14, again around half as large. With larger employment responses but similar wage
responses, we infer larger labor supply elasticities after one year. As discussed in Boal and
Ransom (1997), larger responses in year t + 1 are consistent with the presence of adjustment
frictions not modeled here, either through labor market search and matching or technological
costs of adjustment. They consider a reduced form case were the wage is a function of labor
today and labor yesterday and argue in favor of using long-run elasticities because short-run
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Dependent variable log nijkt+1 log nijkt+1 log nijkt+1 log nijkt+1 log wijkt+1 log wijkt+1 log wijkt+1 log wijkt+1
(1) (2) (3) (4) (5) (6) (7) (8)

τs(k)t -0.00164*** -0.00302*** -0.00352*** -0.00321*** -0.00203*** -0.000819 -0.00244*** -0.000913
(0.000627) (0.000642) (0.000875) (0.000740) (0.000647) (0.000908) (0.000779) (0.000902)

swn
ijkt 3.220*** 1.931*** 0.541*** 0.147***

(0.0793) (0.0460) (0.0311) (0.00835)
τs(k)t × swn

ijkt 0.0810*** 0.0172*** 0.0166*** 0.00373***
(0.0111) (0.00490) (0.00474) (0.000982)

Year FE Y Y Y Y Y Y Y Y
Commuting zone FE Y Y Y Y Y Y Y Y
Industry FE N Y N Y N Y N Y
(Firm×State) FE N Y N Y N Y N Y

R-squared 0.034 0.871 0.127 0.877 0.096 0.797 0.105 0.797
Round obs. 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000 4,425,000

Table 4: Regression of year t + 1 market level employment and wages on state-level corporate
taxes and market payroll share.

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at State × Year level. Tradeable C-Corps from
2002 to 2012.

elasticities may overstate the degree of monopsony power by generating large markdowns.
Therefore our benchmark specifications are column (4) and column (8) of Table 4, which we
will refer to as the ‘Year t + 1’ elasticities. We view this choice as conservative.

6.5 Recovering structural parameters

We combine the employment and wage responses to corporate tax shocks to estimate market-
share-dependent labor supply elasticities. Let βw and γw denote the coefficients on taxes and
the interaction term from column (4) in Table 4. Let βn and γn denote the coefficients on taxes
and the interaction term from column (8) in Table 4. Differentiate our main specification (13)
with respect to corporate taxes to obtain share-dependent wage and employment elasticities:

d log wijkt

dτs(k)t
= βw + γwswn

ijkt ,
d log nijkt

dτs(k)t
= βn + γnswn

ijkt. (14)

Taking the ratio of the expressions in (14) yields the labor supply elasticity as a function of a
firm’s market share. Let the market-share-dependent labor supply elasticity be denoted ε(sijkt):

ε(swn
ijkt) :=

d log nijkt

d log wijkt
=

d log nijkt/dτs(k)t

d log wijkt/dτs(k)t
=

βn + γnswn
ijkt

βw + γwswn
ijkt

. (15)
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Figure 4: Labor supply elasticity by firm market wage share

Notes: Figure plots the empirical implied size-dependent labor supply elasticity according to (15)

Notice that nothing in our empirical exercise forces or restricts the relationship between labor
supply elasticities and firm market shares to be negative.

Figure 4 plots the labor supply elasticity ε(swn
ijkt) using our estimated coefficients. As moti-

vated above, we will focus on the year t + 1 estimates. The smallest firms face a labor supply
elasticity of 3.5, whereas extremely large firms with a market share of 14 percent or more face
a labor supply elasticity of 2. Most of the variation in our data lies between wage bill shares of
approximately zero and 0.14 (one standard deviation above the mean). These labor supply elas-
ticities imply markdowns on marginal revenue products of labor of roughly 23 percent at small
firms and roughly 33 percent at large firms. Our year t + 1 estimates imply higher elasticities
of labor supply as labor adjusts more over time.

We can now estimate the within-market substitutability η and the across-market substi-
tutability θ to match the relationship between labor supply elasticity and firm size. Through
the lens of our theory, the labor supply elasticity is given by:

εij =

[
swn

ij
1
θ
+ (1− swn

ij )
1
η

]−1

(16)

For any swn
ijkt, our regression model (equation (15)) delivers data {ε(swn

ijkt), swn
ijkt}. This empirical

relationship between wage-bill shares and labor supply elasticities (equation (15)) in conjunc-
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Year t Year t+1
(1) (2)

Within market substitutability, η 2.09 3.74
Across market substitutability, θ 0.31 0.76

Table 5: Non-linear regression estimates of substitutability based on equation (16)

Notes: We use an evenly spaced grid of labor shares on [swn, s̄wn] = [0.0025, 0.14] (within 1 standard deviation of
the mean wage-bill share), in conjunction with equation (15) to generate 56 tuples of labor supply elasticities and
wage-bill shares, {ε(swn

ijkt), swn
ijkt} (one for every grid point). We then use these predicted values as data for {εij, swn

ij }
to provide non-linear regression estimates of η and θ using equation (16). Column (1) uses estimates from Columns
(4) and (8) in Table 3 and Column (2) uses estimates from Columns (4) and (8) in Table 4.

tion with the model-implied relationship between wage-bill shares and labor supply elasticities
(equation (16)) allow us to identify the within-market and across-market degrees of substitu-
tion.30

Table 5 shows our results. Being over-identified, we use non-linear least squares to estimate
η and θ treating predicted pairs of {ε(swn

ijkt), swn
ijkt} as data. Figure 4 plots the model-fitted values

of labor supply elasticities versus the data. The model closely matches the declining labor
supply elasticity by firm market share that we estimated from the data.

6.6 Calibration of remaining parameters

We assume that firm level productivity, z̃ijt, is drawn from a log-normal distribution with mean
one and standard deviation σz̃. We then scale the distribution by Z̃ in order to match mean firm
employment.31 To match the distribution of firms across markets in 2014, Mj ∼ G(Mj), we em-
ploy a mixture of two Pareto distributions. We fit this mixture to the first three moments of the
distribution, given in Table 6. Appendix H provides additional details, including parameter es-
timates. By construction we generate the correct fraction of markets with one firm. Throughout
we simulate 5, 000 markets and verify that our results are not sensitive to this choice.

We set θ = 0.76 and η = 3.74 based on our long-run estimates in Table 5. The ‘Year t +

30In fact, only two labor supply elasticity and wage-bill share pairs are necessary for identification. For instance,
the implied labor elasticity at the mean market share observed in the data, {ε(s̄wn

ijkt), s̄wn
ijkt}, and the implied labor

elasticity one standard deviation above the mean, {ε(s̄wn
ijkt + σ(swn

ijkt)), s̄wn
ijkt + σ(swn

ijkt)}, provide two equations in two
unknowns {η, θ}.

31An alternative approach would be to invert the model’s equilibrium conditions to recover the distribution of
productivities. Appendix Section F.2 provides the details. Given θ and η, the vector of wage-bill shares swn

ijt within
a market determines mark-downs, and ratios of markdowns deliver ratios of productivities (equation F6). Up to
a normalization of productivity at one firm, the distribution of relative productivities can be obtained. Absolute
productivities can then be obtained by integrating employment data. In practice, working with Census data, this
procedure has proven logistically infeasible, hence our preference for our parametric approach.
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Distribution of number of firms Mj Mean Std.Dev. Skewness
(1) (2) (3)

Data (LBD, 2014) 51.6 264.9 29.9
Model 51.6 264.9 28.7

Table 6: Distribution of firms across markets, Mj ∼ G(Mj)

1’ values for θ and η generate less labor market power than the short-run ‘Year t’ estimates.
Our baseline aggregate Frisch elasticity of labor supply is ϕ = 0.50, which lies in the range of
estimates obtained in micro-data analyses (Keane and Rogerson, 2012).32 The discount rate is
4 percent per annum, β = 0.9615. The depreciation rate is 10 percent per annum, δ = 0.10.
The remaining parameters {Z̃, ϕ̄, α̃, σz̃} are calibrated to match the following moments: (1)
average firm employment, (2) average earnings per worker, (3) the labor share, and (4) the
employment-weighted wage-bill Herfindahl.

To determine the scale of the economy, we exploit the closed-form mapping of our model’s
parameters, {Z̃, ϕ̄}, to average earnings per worker and average firm size.33 Setting Z̃ = 23, 570
and ϕ̄ = 6.904 generates the 2014 average earnings per worker of $65, 773 and 2014 average firm
size of 27.96 employees (Table 1).

We calibrate α̃ = 0.984 to deliver the 2014 labor share of 57 percent (Giandrea and Sprague,
2017). In order to recover aggregates as well as the labor share, we choose γ = 0.818 to deliver a
capital share of 18 percent in 2014 (Barkai, 2016).34 Given α̃ and γ we can solve for the structural
decreasing returns parameter α = 0.987.35 We calibrate σz̃ = 0.391 to deliver a payroll weighted
wage-bill Herfindahl of 0.14 (see Table 1). Conditional on other parameters, a higher dispersion
in productivity naturally increases concentration as large firms face less competition.

Table 7 summarizes the parameters, and Table 8 compares the model targets to the data.

32The CBO uses estimates between 0.27 and 0.53. See Reichling and Whalen (2012) for more discussion.
33We provide the closed-form mapping in Appendix F.1.
34We must also take a stance on the capital share in our economy in order to go from the ‘hatted’ equilibrium

described in Appendix F to the equilibrium with capital.
35 Let Ks be capital’s share of income, which we treat as data: Ks = 0.18. Then given this moment and our

estimate of α̃, the structural decreasing returns to scale parameter α = α̃/
(

Ks

1−KS + α̃
)

. We then determine the
capital share parameter: γ = Ks/(1− α).
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Parameter Description Value

Assigned
η Within market substitutability 3.74
θ Across market substitutability 0.76
ϕ Aggregate Frisch Elasticity 0.5
J Number of markets 5,000
r Risk free rate 0.04
δ Depreciation 0.1
γ Cobb-Douglas Exponent 0.818
G(Mj) Firms per mkt, mixtures of Paretos

w/ mass pt at 1
{15% mkts have 1 firm, Sh1=.67,
Sc1=5.7, Loc1=2, Sh2=.67,
Sc2=35.625, Loc2=2}

Estimated
α̃ DRS parameter 0.984
σz̃ Log Normal Standard Deviation 0.391
Z̃ Productivity shifter 23,570
ϕ̄ Aggregate labor disutility shifter 6.904

Table 7: Summary of Parameters

Par. Description Value Targeted Moment Model Data

α̃ DRS parameter 0.984 Labor share 0.57 0.57
σz̃ Log Normal Standard Deviation 0.391 E(HHIwn

j ) Payroll wtd. 0.14 0.14
Z̃ Productivity shifter 23,570 Avg. wage per worker $ 65,773 $ 65,773
ϕ̄ Aggregate labor disutility shifter 6.904 Avg firm size 27.96 27.96

Table 8: Estimated parameters

7 Model validation

Before conducting our welfare experiments, we complete two over-identifying tests of the
model. We compare our model to pass-through rates which are often used to measure monop-
sony power, and we also compare our model to concentration distributions which have recently
been at the forefront of the “labor market power” discussion. By matching these non-targeted
moments, we argue that the model is well suited to studying questions related to labor market
power.

The first validation test verifies that the model produces rates of pass-through from produc-
tivity to wages, that are consistent with recent empirical estimates (Kline, Petkova, Williams,
and Zidar, 2018; Card, Cardoso, Heining, and Kline, 2018). The second validation test demon-
strates that model matches a variety of non-targeted moments about spatial variation in concen-
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tration. In particular, despite calibrating the model to payroll weighted measures of concentra-
tion across markets, we verify that the model matches the very different unweighted distribution
of these measures.

7.1 Pass-through

We compare model and data estimates of the rate of pass-through from productivity to worker
wages. Since productivity is often not observed, most empirical studies focus on the pass-
through of sales- or value added-per-worker. Wages are then measured either as labor compen-
sation per worker or as an hourly wage. While there many papers conduct such pass-through
regressions, Kline, Petkova, Williams, and Zidar (2018) is one of the few papers that provides
sufficient summary statistics to replicate their natural experiment in our model. Their sample
contains relatively large firms—median size of 25 employees—that successfully obtain a high-
value patent. Their estimates imply that the receipt of a high-value patent increases various
measures of productivity, such as value added per worker, by approximately 20 percent. They
then evaluate the effect on wages.

In order to compare our estimates to Kline, Petkova, Williams, and Zidar (2018), we first
construct a random sample of firms consisting of one firm per market, and such that the median
of the sample is similarly 25 employees.36 We then multiply the productivity (z̃ij) of firms in our
sample by ∆ > 1, choosing ∆ to match an average increase in output per worker (yij/nij) of 20
percent. Let primes denote the new steady state variables among the firms in our sample. We
regress the level change in wages (∆wij = w′ij − wij) on the level change in output per worker

(∆
yij
nij

=
y′ij
n′ij
− yij

nij
) and a constant.

Table 9 reports our estimates of wage pass-through in the model. We find a pass-through
rate of 42.3 percent, meaning that for every one dollar increase in output per worker, wages
increase by 42.3 cents. Kline, Petkova, Williams, and Zidar (2018) find a pass-through rate of
31.7 percent using U.S. data, which, by design, is directly comparable to our model estimate.
Using Portuguese data, other recent work by Card, Cardoso, Heining, and Kline (2018) uses
lagged sales per worker as an instrument for value added per worker. While we cannot replicate
their regressions directly, they find a pass-through rate of 32.7 percent. Since we did not target
pass-through in our estimation, we view the model’s ability to generate a pass-through rate
quite close to recent empirical estimates as a success of our theory.

Lastly, we compute in the competitive version of our model (defined later in Section 8) to

36To obtain a sample of firms with the same median size as in the Kline, Petkova, Williams, and Zidar (2018)
sample, we simply drop all firms with employment below a cut-off n. We then choose n to deliver a median firm
size of 25 workers.
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Benchmark Model Kline et al (2018) Cardoso et al (2018) Competitive Model
(1) (2) (3) (4)

Pass-through coefficient 0.423 0.317 0.327 0.984

Dependent Variable wij Labor compensation
per worker

Hourly wage wij

Independent Variable yij/nij Labor compensa-
tion plus earnings
(EBITDA) per worker

Value added per
worker (IV with avg.
sales per worker)

yij/nij

Table 9: Wage pass-through, model versus data

Notes: Model point estimate generated by randomly sampling 1% of firms in the benchmark oligopsonistic econ-
omy with size greater than 10 employees (corresponding to median size of 25.4 in the sample vs 25.2 in Kline et
al (2018)), increasing productivity by 30% (corresponding to a 25% increase in yij/nij versus ≈ 20% in Kline et al
(2018)), and repeating this exercise 100 times. Average We report the average point estimate for 100 repetitions.

provide a point of comparison. We find that the pass-through rate is equal to 0.984, which coin-
cides with the value of α̃, which governs decreasing returns to scale. In order for the competitive
model to match observed pass-through rates, the decreasing returns parameter would have to
be around 0.3, which we view as implausible and at odds with existing estimates of returns to
scale. This suggests that explicitly modeling market power in the labor market is important if
one wants to match the level of pass-through observed in the data.

7.2 Non-targeted concentration statistics

Figure 5 compares the weighted and unweighted distributions of wage-bill Herfindahl indexes
in model and data.37 Panel A plots the payroll weighted distribution of the wage-bill Herfind-
ahl. Very little mass is to the right of 0.25, and the mean of the distribution is 0.14. Panel B plots
the unweighted distribution of the wage-bill Herfindahl. Around half of the mass is to the right
of 0.25, and the mean is 0.45, three times larger than the weighted mean.

This wide difference is due to the strongly negative correlation between concentration and
total payroll, and employment. While 15 percent of markets have one firm, those markets
comprise less than half of one percentage point of total employment. Figure 5 also includes
the economy-wide distribution of Herfindahls. The large difference between the weighted and
unweighted Herfindahl distributions is not specific to the tradeable sector.

Figure 5 shows that the model does well fitting both distributions. The model exactly repro-
duces the mean payroll weighted wage-bill Herfindahl, since it is a calibration target. However,
none of the other moments of the distribution were used as targets. The model also generates
an unweighted average payroll Herfindahl of 0.31, which is not targeted in our calibration. Sim-

37Table A1 in Appendix C provides point estimates referenced in this section and additional statistics.
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Figure 5: Cross-market distribution of concentration: Model and Data (U.S. Census), 2014.

Notes: Figure plots the across market distribution of the payroll Herindahl index (HHIwn
j ). Bins are determined

by the following bounds: {0, 0.05, 0.10, 0.25, 0.50, 0.75, 0.99, 1}. The horizontal axis gives the center of each bin.
Panel A plots the fraction of total payroll in each bin. Panel B plots the fraction of markets in each bin. The former
informs the payroll weighted index, the latter informs the unweighted index referenced in the text. Data is Census
LBD. See Appendix C for additional details.

ilar to the data, the unweighted mean wage-bill Herfindahl is roughly two times larger than the
weighted mean.

The reason that the model is able to produce the large empirical discrepancy between the
weighted and unweighted measures is because the model generates a strong negative corre-
lation between market concentration and market size. The model correlation between market
size and market concentration is −0.75, whereas in the data the correlation is −0.21. Because
smaller markets are highly concentrated, their firms pay wider markdowns on the marginal
product of labor as discussed in Section 5. Without competition, these firms act as monopson-
ists, restricting quantity (lower employment) and widening markdowns (lowering wages).

The model is also able to replicate the negative correlation of the wage-bill Herfindahl and
the number of firms per market, as well as the negative correlation between the wage-bill
Herfindahl and the variance of relative wages within a market (Table A1). Lastly, the wage-bill
and employment Herfindahls are perfectly correlated in both the model and the data, despite
their significant level differences.
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8 Welfare consequences of labor market power

Having established that our model provides a good empirical fit to the U.S. data, in this sec-
tion we use our calibrated model to measure the welfare consequences of labor market power.
We start by discussing the sources of labor market power in our economy, define a competi-
tive equilibrium, and then compute the consumption equivalent welfare gain associated with a
competitive equilibrium.

Labor market power. Our estimated preferences imply upward sloping labor supply curves.
In our benchmark oligopsonistic model, there are two sources of market power: (i) firms in-
ternalize this feature of their environment, understanding that hiring an additional worker
requires not only a higher wage to the marginal worker, but also all previous workers hired,
and (ii) firms are non-atomistic and so compete strategically for workers. Existing models such
as Burdett and Mortensen (1998) feature the first source of market power, but since firms are
atomistic, lack the second.

Competitive equilibrium. To measure the welfare losses from both sources of market power,
we compare our benchmark oligopsonistic equilibrium to a competitive equilibrium. We keep
preferences, technology and the distribution of firms-per-market (Mj) fixed, changing only the
equilibrium concept. The competitive equilibrium still features upward sloping labor supply
curves, but firms do not internalize this. The competitive equilibrium still features finitely many
firms in each market, but firms behave as atomistic price takers.38 Thus, there are no strategic
complementarities.

We formally define the competitive equilibrium as follows:

Definition A Competitive (Walrasian) equilibrium is an allocation of employment nij, and wages
wij such that:

1. Taking wij as given, nij solves each firm’s optimization problem

nij = arg max
nij

Z̃z̃ijnα̃
ij − wijnij

38Keeping the number of firms in each market constant purges our exercise of changes in welfare due to ‘love
of variety’ effects.
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Figure 6: Oligopsonistic vs. Competitive equilibrium

Notes: In a oligopsonistic equilibrium (Panel A) the firm understands that its marginal cost MCij is increasing in its
employment. In a competitive equilibrium (Panel B) the firm perceives that its marginal cost MCij is simply equal to
its wage, which it takes as given.

2. Taking wij as given, nij solves the household’s labor supply problem:

nijt = ϕ̄

(
wijt

Wjt

)η (
Wjt

Wt

)θ

Wϕ
t

Figure 6 describes the difference between a firm behaving monopsonistically (Panel A) and
the same firm behaving competitively (Panel B). Firms’ wages are unambiguously higher in the
competitive equilibrium. The net effect on employment, however, varies across firms. Since
large firms have the widest markdowns in the oligopsonistic equilibrium, their wages increase
the most. This reallocates employment away from small firms toward large firms, undoing the
direct effect of small firms’ higher wages, and can lead employment to decline at small firms in
the competitive equilibrium.

Welfare. To compute the welfare losses from oligopsony, we introduce some additional nota-
tion. Let {Co, No} denote consumption and disutility of labor in the benchmark oligopsonistic
equilibrium. Let {Cc, Nc} denote consumption and disutility of labor in the competitive equi-
librium.

We express the welfare losses as a consumption equivalent. Households are willing to give
up 100 × (λ − 1) percent of their consumption in the benchmark oligopsonistic economy in
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Frisch Elasticity Consumption Equivalent Welfare Gain Relative Employment Index N
(Percent) (Competitive/Monopsony)

(1) (2) (3)

0.2 2.9 1.075
0.5 5.4 1.196
0.8 8.0 1.330

Table 10: Welfare gains from competition

Notes: Consumption equivalent welfare gain corresponds to 100 ∗ (λ− 1) where λ is given by (17). Consumption
equivalent welfare gain corresponds to moving from benchmark oligopsony to competitive equilibrium.

order to move to the competitive economy. That is, λ equates the following:

λCo −
1

ϕ̄
1
ϕ

N
1+ 1

ϕ
o

1 + 1
ϕ

= Cc −
1

ϕ̄
1
ϕ

N
1+ 1

ϕ
c

1 + 1
ϕ

(17)

Abstracting from capital for simplicity, notice that aggregate consumption in both regimes
incorporates the effect of competition on wages, employment and firm profits. Aggregating
firms’ profit conditions

(
πij = yij − wijnij

)
, under goods market clearing (yij = cij), and the

definition of W and C, yields the household’s budget constraint (Π = C−WN), therefore C =

Π + WN.39

Table 10 reports the welfare gain in our benchmark calibration, which assumes a Frisch
elasticity of ϕ = 0.5. We also compute the welfare gain under alternate values of ϕ ∈ {0.2, 0.8}.
At our benchmark calibration, individuals would be willing to give up 5.4 percent of lifetime
consumption in order to face a labor market with competitive firms. With higher wages, time
spent working increases 19.6 percent, producing higher consumption. For lower values of ϕ, the
utility cost of additional time spent working is higher, so the welfare gains are lower. Therefore,
larger Frisch elasticities (ϕ = 0.8) generate larger welfare gains.

Decomposing effects. To understand the sources of the welfare gains, we decompose out-
put gains into two components: (1) scale-effects resulting from overall higher wages and labor
supply, (2) reallocation from less productive to more productive firms.40

39Recall that W is defined by WN =
´

∑i∈j wijnij dj, and C is defined by C =
´

∑i∈j cij dj.
40In a recent paper, Baqaee and Farhi (2017) develop a general decomposition into technology effects and real-

location effects. Technology effects are all the changes in output that are due to productivity shocks and changes
in factor supplies, for a fixed allocation of resources. Reallocation effects are changes in output that are due to
the reallocation of resources across producers. Our decomposition into a scale effect and a reallocation effect is
exactly the decomposition they advocate for, because, as they document, it has many advantages relative to other
decompositions that have previously been used.
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Figure 7 plots the percent change in employment across the oligopsonistic and competitive
equilibrium, conditional on productivity.

In the lowest deciles of productivity, firms decrease employment. High-productivity, high
wage-bill share firms had disproportionately larger markdowns in the oligopsonistic equilib-
rium. In the competitive equilibrium, they pay disproportionately higher wages and expand,
attracting a greater share of employment. The result is a reallocation from less productive firms
to more productive firms.

Figure 7 also includes the aggregate scale effect resulting from higher overall pay. To iso-
late the role of scale-effects versus reallocation, we compute the welfare gains conditional on
maintaining the original proportion of workers across firms. Let no

ij (No) denote firm-level (ag-
gregate) employment in the oligopsonistic equilibrium, and nc

ij (Nc) denote firm-level (aggre-
gate) employment in the competitive equilibrium. We can compute counterfactual employment
(ns

ij) and output (ys
ij) under no reallocation by keeping firms’ share of aggregate employment

constant:

ns
ij =

no
ij

No × Nc , ys
ij = Z̃z̃ij(ns

ij)
α̃ , Ys =

ˆ
∑
i∈j

ys
ij dj .

Let Yc denote aggregate output in the competitive equilibrium, let Yo denote aggregate output
in the oligopsonistic equilibrium. The share of output gains due to the reallocation effect from
low-productivity to high-productivity firms is then

Share of gains due to reallocation =
Yc −Ys

Yc −Yo .

Output increases by 20.9 percent between the oligopsonistic and competitive equilibrium.
We find that reallocation increases output by 5.5 percent. This implies that roughly 25 percent
of the overall increase in output is driven by reallocation, whereas 75 percent is driven by scale
effects. The importance of scale effects highlights why the choice of the aggregate Frisch elastic-
ity has a significant effect on welfare counterfactuals. For a larger ϕ, workers are more sensitive
to wages changes and thus work significantly more in the competitive equilibrium. These scale
effects drive the majority of output gains observed in the counterfactual competitive environ-
ment.

Increasing concentration. A consequence of the reallocation in Figure 7 is rising concentra-
tion. Table 11 illustrates that in the competitive equilibrium, the weighted wage-bill Herfindahl
increases. This result also holds for weighted and unweighted employment-based measures of
concentration. As large firms become larger, concentration rises even though the labor market
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Figure 7: Employment gains due to perfect competition.

Notes: Percent change in total employment within productivity decile bin. Change measured between benchmark
oligopsony equilibrium and competitive equilibrium.

is more competitive. Competition, output, wages and welfare all increase at the same time as
markets become more concentrated.

To illustrate, Figure 8 extends our example Figure 3, adding the competitive outcomes for
the three labor markets studied. In the sector with three firms, the payroll share of the most pro-
ductive firm increases, while that of the two least productive firms fall. As a consequence, con-
centration increases. Meanwhile, the employment at the most productive firm also increases,
while their competitors’ fall, improving the allocation of employment in the economy and in-
creasing output.

9 Labor market power and the labor share: 1976 and 2014

In this short section, we combine three of the novel contributions of this paper to link the dy-
namics of labor’s share of income to labor market power: (i) the closed-form expression for
labor’s share of income given by equation (12) in Section 5, (ii) our estimates of θ and η, and
(iii) our new measures of wage-bill Herfindahls in Table 1.

The weighted wage-bill Herfindahl fell from 0.20 in 1976 to 0.14 in 2014, which implies that
the inverse weighted wage-bill Herfindahl increased from 5.01 to 7.09. Under the assumption
of stable preference parameters (θ = 0.76, η = 3.74) and technology (α̃ = 0.984) as calibrated in
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Benchmark Model Competitive Model

Payroll weighted wage-bill Herfindahl 0.14 0.27
Payroll weighted employment Herfindahl 0.11 0.20
Unweighted wage-bill Herfindahl 0.35 0.42
Unweighted employment Herfindahl 0.32 0.38

Table 11: Concentration and competition

Notes: Reports the average HHIwn
j weighted by employment across markets. Computed for the baseline calibra-

tion with Frisch elasticity of ϕ.

Table 7, equation (12) implies that declining wage-bill Herfindahls between 1976 and 2014 have
contributed to an increase in the labor share of 2.89 percentage points.

We conclude that changes in labor market concentration are unlikely to have contributed to
the declining labor share in the United States (e.g. Karabarbounis and Neiman (2013)).

10 Minimum wages

As an application of the model, we study minimum wages. The ability of monopsony to ratio-
nalize small employment responses to minimum wages is in part responsible for the historical
development of monopsonistic models (Card and Krueger, 1994; Boal and Ransom, 1997; Man-
ning, 2003). The central prediction is that a minimum wage may cause some firms paying below
their marginal revenue products to compress their markdowns, increase wages, and at the same
time expand employment along their labor supply curves. Our model shares this prediction,
but due to decreasing returns to scale, the mechanics are more complex.

We proceed in four steps. First, since the presence of decreasing returns to scale and strate-
gic complementarities in wages has new implications for the theory of minimum wages, we
describe how we expand our model in some detail. Second, we provide a graphical char-
acterization of the theory. Third, we replicate the natural experiment of Dustmann, Lindner,
Schoenberg, Umkehrer, and vom Berge (2019), comparing the distributional impact of a min-
imum wage to the reduced form effects documented by the authors for Germany. Finally, we
compute the optimal minimum wage in our framework and discuss why it is a relatively blunt
instrument for closing the welfare differences described in Table 10.
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Figure 8: Oligopsonistic [solid] and competitive [dashed] equilibrium in three labor markets

10.1 Theory

To formalize our analysis, we must add to the household problem the constraint that labor
supply is less than labor demand, which the household takes as given. The representative
household maximizes utility (3) subject to the budget constraint (4) and this new constraint:

nijt ≤ nijt (18)

To facilitate interpretation, we use λtνijt to denote the multiplier on (18), where λt is the
multiplier on the budget constraint. We refer to νijt as the scaled multiplier, and w̃ijt = wijt − νijt

as the perceived wage. From the perspective of the household, νijt measures the marginal utility of
sending an additional worker to a firm with (i) a binding minimum wage, and (ii) where labor
supply exceeds labor demand (firms in Region III or Region IV in the notation that follows). In
the instances where νijt is greater than zero, the household is not on their labor supply curve.
They supply nijt workers to the firm, according to the perceived wage of w̃ijt < w.

As before, firms maximize profits πijt subject to the additional constraint that the wage im-
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plied by their choice of nijt must lie above the minimum wage:

wijt =

ϕ̄
− 1

ϕ

(
nijt
Njt

) 1
η
(

Njt
Nt

) 1
θ N

1
ϕ

t , if nijt > nijt

w , otherwise
(19)

We explain the solution algorithm in detail in Appendix I. The key insight is that the sectoral
oligopsony (Nash) equilibrium can be solved in terms of perceived payroll shares, s̃wn

ijt , as well

as the perceived aggregate wage index, W̃t.41 Firms then operate with markdowns µ(s̃wn
ijt ). As a

small firm’s wage and market share increases due to a minimum wage, its perceived wage and
perceived market share may fall, increasing the theoretically relevant measure of labor market
power of its competitors.

10.2 Characterization

Figure 9 illustrates the economics underlying the impact of a minimum wage on a firm. For
simplicity, we keep the firm the same and vary the minimum wage. There are four relevant
cases to consider as the minimum wage increases:

Range for w: 0 —————
Region I

w∗ij —————
Region II

wComp.
ij —————

Region III
MC∗ij —————

Region IV
∞

Panel A illustrates the impact of a very low minimum wage. The firm is in Region I where
the minimum wage has no effect on equilibrium labor supply (w < w∗ij). In Panel B, we increase
the minimum wage until the minimum wage is binding, but still below the competitive wage.
In this case, the firm is in Region II and the firm absorbs the effects of minimum wage into its
markdown. Employment increases relative to Region I and the marginal revenue product of
labor falls, while the household remains on its labor supply curve.

The marginal cost curve is now quite different from the benchmark economy without a min-
imum wage. With a minimum wage of w, the new marginal cost curve (solid blue) is horizontal
and equal to the minimum wage until it reaches the labor supply curve where the firm employs
nij workers. Up to this point, all workers must be paid w. Marginal cost then discontinuously
increases since, as in the non-minimum wage case, additional hiring requires pay for existing
workers. Since marginal cost jumps above marginal revenue product, profit maximizing em-
ployment is nij. In Region II, firms still generate profits from both a non-zero markdown µij and
a positive wedge between average and marginal revenue products due to decreasing returns to

41The perceived wage payment share is s̃wn
ijt = w̃ijtnijt/ ∑k∈j w̃kjtnkjt, where w̃ijt = wijt − νijt.
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Figure 9: Theory of minimum wage

scale.
By increasing the minimum wage further, the firm enters Region III (Panel C). The same

rationale for marginal cost applies as in Region II, however now the minimum wage is above
the competitive wage, so now households are off of their labor supply curve. Like Region II,
employment is still higher than under a zero minimum wage, but there is now excess labor
supply. As such, employment is determined by the firm’s labor demand at w and nij < nSupply

ij
workers are hired. Since wij = w = MRPLij, the wage markdown is zero but profits πij are
positive due to decreasing returns to scale.42 Our theory rationalizes this labor supply of the
household through the perceived wage. At w̃ij = w− νij, the household supplies nij workers to

42Note that Region III does not exist with constant returns to scale. With constant returns to scale the competitive
wage is equal to MRPLij which is a constant. Therefore as w increases past the competitive wage, the firm exits.
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Moment Model Data

Post experiment min-median ratio (percent): wmin/wp50 61 48

∆ log Ave firm size 0.01 0.12
∆ log Number of firms with nij ≤ 2 -0.28 -0.15
∆ log Number of firms with nij ≥ 50 0.000 0.120
∆ Share Emp at firms with nij ≤ 2 -0.04 -0.03
∆ Share Emp at firms with nij ≥ 50 0.00 0.01

Inequality Pre Post
p50-p10 (log difference) 0.50 0.49
p90-p50 (log difference) 0.43 0.43

Table 12: Effects of a minimum wage

Notes: Minimum wage introduced at the 10.4 percentile of the individual wage distribution in the benchmark
oligopsony model.

the firm. Crucially, our theory demonstrates that competitors respond to the perceived payroll
share of the firm, which is less than the measured share: s̃wn

ij < swn
ij .

Increasing the minimum wage beyond the equilibrium marginal cost in the unconstrained
case causes the firm to enter Region IV (Panel D). The same economics apply as in Region III,
but here equilibrium employment is less than would occur absent a minimum wage. Note also
that relative to Region III the perceived wage and perceived share have declined as νij increases
as excess supply widens.

Our perceived wage formulation allows for a sharp characterization of the effect of a minimum
wage on unconstrained firms (Region I). The perceived wages w̃ij of their smaller competitors
are lower than their actual wages, and falling as the minimum wage increases. As an uncon-
strained firm responds to the perceived sectoral wage W̃j, which is falling, they best-respond
by cutting their own wages.43 Despite widening their markdowns, employment at large firms
grow as employment is reallocated from small to large firms.

10.3 An example of a minimum wage policy

Recent empirical work has described the distributional effects of a minimum wage. Dustmann,
Lindner, Schoenberg, Umkehrer, and vom Berge (2019) find that in response to a national mini-
mum wage increase in Germany, (i) employment in small firms shrinks, (ii) the largest employ-

43Alternatively, the perceived wage bills of constrained firms—given by the green squares in Figure 9—are
smaller than actual wage bills. This leads to a higher perceived wage bill share of an unconstrained firm. A
higher perceived wage bill share yields a wider markdown, reducing wages.

44



ment affects are among medium sized firms, (iii) employment also reallocates to larger firms.
Table 12 presents results from a simulation of the same minimum wage increase studied by

Dustmann, Lindner, Schoenberg, Umkehrer, and vom Berge (2019). The federal minimum wage
introduced in Germany was such that 10.4 percent of workers earned less than the minimum
wage before the policy was introduced. To map this natural experiment to our framework,
we first identify a minimum wage w such that 10.4 percent of workers earn less than w in
the benchmark equilibrium. In the new equilibrium, the minimum wage is 61 percent of the
median wage, which is a little higher than the case of the German experiment (48 percent).

Table 12 describes the effects of the minimum wage.44 Average firm size increases by 1
percent in the model versus 12 percent in the data. The source of the increase is a reallocation
of workers from smaller firms to larger firms which attain a greater share of the market. We
find a 28 percent reduction in the number of small firms with less than two employees, and
a marginal rise in the number of firms with greater than 50 employees. Employment at small
firms falls by 4 percent in the model and 3 percent in the data.

The minimum wage has small effects on income inequality. The p50-p10 wage ratio is largely
unaffected, declining only one log point from 0.50 to 0.49. The minimum wage does not have
significant effects at the top of the wage distribution. As our theory predicts, the minimum
wage increases total employment N (=

´
j ∑i nijdj) by 1.07 percent, and increases aggregate

consumption by 0.37 percent. Lastly, households would forego 0.064 percent of lifetime con-
sumption to have this particular minimum wage imposed.

10.4 Optimal minimum wage

Recall from Section 8, that the welfare gains associated with the competitive equilibrium were
5.4 percent. One way to interpret the competitive allocation is as that obtained under a menu
of firm-specific minimum wages, each equal to the firm specific competitive wage. From this
perspective, an economy-wide minimum wage is a relatively blunt tool at undoing labor market
power, but quantitatively how far can a minimum wage go toward achieving the first-best?

Figure 10 plots the welfare gains associated with alternative values of the minimum wage.
The optimal minimum wage would exceed the wages of the lowest paid 5 percent of workers in
the initial equilibrium, delivers a welfare gain of 0.072 percent, and would increase employment
(output) by 0.74 (0.25) percent.45

44The ‘data’ column was taken from preliminary slides available to us at the time of writing. In some instances
these statistics are inferred from graphs, and are thus subject to change.

45In dollar terms, the minimum wage corresponds to annual earnings of $32, 084, or 48 percent of the average
wage in the baseline economy (Table 8).
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Figure 10: Optimal minimum wage

Notes: Plots the consumption equivalent welfare gains (percent) for various different minimum wages w. The
horizontal axis indexes these minimum wages by the fraction of workers in the benchmark equilibrium (without
a minimum wage) with a wage less than w.

What limits the welfare gains from minimum wages, generating the quickly deteriorating
welfare gains in Figure 10? As we learned from Figure 7, the welfare gains associated with the
competitive equilibrium were driven by the reduction in markdowns and increase in employ-
ment at large firms. This would require the minimum wage to be such that large firms are in
Region II. As we increase the minimum wage, however, it is primarily small firms in Region II.
They then quickly move into Region III and Region IV and shrink further as the minimum wage
increases.

Figures 11 and 12 illustrate this. Panel A of Figure 11 plots (i) the perceived wage index
W̃t which incorporates the multipliers νijt > 0, and (ii) the perceived wage index setting all
multipliers to zero, νijt = 0, which one would naively compute as the economy’s wage index as
a function of only observed wages. Despite observed wages increasing, positive values of the
multiplier, νijt > 0, imply lower effective wages faced by the household. As the minimum wage
expands, the gap between the two indexes grows wider as more multipliers become positive
(Region II to III), and positive multipliers increase (Region III to IV). Panel B demonstrates how
this is reflected in employment, plotting the aggregate employment index as well as total em-
ployment. As multipliers increase, larger and larger firms enter then move further into Region
IV, as a consequence total employment quickly declines.

Figure 12 examines markdowns and employment by firm size for three levels of the min-
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A. Wages B. Employment

Figure 11: Perceived wage index and employment

Notes: Panel (A) plots (1) the perceived aggregate wage index W̃t :=
[´

W̃1+θ
jt dj

] 1
1+θ where the perceived sectoral

wage index is given by W̃jt :=
[

∑i∈j

(
wijt − νijt

)1+η
] 1

1+η

; (2) the perceived wage index setting νijt=0. See Ap-

pendix I for additional details. Panel (B) plots the employment index Nt and total employment Nt. All series are
normalized to one at the welfare maximizing minimum wage (0.05 on the horizontal axis, see Figure 10).

imum wage: below, at, and above the optimum. Panel A of illustrates that small firms give
workers a greater share of their marginal product as the minimum wage rises. Consider the
case where the minimum wage binds for 20 percent of workers. Relative to the benchmark
economy, markdowns are narrowed by over 21 ppt at the smallest firms, meaning that work-
ers take home nearly all of what they produce. However, these firms make up a small share
of aggregate employment. At higher productivity deciles, there is very little change in mark-
downs relative to the benchmark economy. This indicates that the minimum wage is ineffective
at eliminating markdowns at large firms.

Panel B of Figure 12 plots the change in employment within productivity deciles. Consider
the case where the minimum wage binds for 20 percent of workers. Such a large minimum
wage hike severely reduces employment at small firms, and employment declines by 67 per-
cent within the lowest productivity decile (small firms enter Region IV). Workers who retain
employment are reallocated to mid-size firms, whereas large firm employment is largely unaf-
fected. This is almost the opposite of the reallocation observed in Figure 7, where employment
falls at small and medium productivity firms and increases at high productivity firms in the
competitive equilibrium. In fact employment falls slightly at the highest productivity firms as
labor is bidded away by medium productivity firms at the minimum wage.
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Figure 12: Effects of minimum wage on markdowns and employment by firm productivity
decile

Notes: Panel A plots markdowns with the minimum wage minus markdowns in the benchmark economy. Positive
values imply that worker’s take home a greater share of what they produce. Panel B plots the percent change in
employment within a productivity decile. This graph is a series of overlaid bar graphs.

Finally, as small firms shrink and employment is reallocated to larger firms, concentration
rises. Figure 13 shows that concentration increases monotonically as the minimum wage is
increased. We plot the observed wage-bill Herfindahl and the perceived wage-bill Herfind-
ahl, which takes into account the household’s multipliers, νijt. Both measures of concentration
increase monotonically as the minimum wage increases. Rising concentration, low perceived
wages and falling employment at high minimum wages limit possible welfare gains.

11 Conclusion

In this paper, we develop a model of labor market oligopsony. We use the framework to (1)
inform measurement of labor market concentration and map labor market concentration to
labor market power, (2) link labor market power to labor’s share of income, (3) measure the
welfare losses of labor market power, and (4) study the efficacy of minimum wage policy.

In our framework, we show that the relevant measure of labor market concentration is the
wage-bill Herfindahl and the distribution of wage-bill Herfindahls is a sufficient statistic for
the labor share. We apply our measures of labor market concentration to tradeable sector firms
in the Longitudinal Business Database (LBD). We show that the payroll weighted wage-bill
Herfindahl fell from 0.20 to 0.14 between 1976 and 2014, indicating a significant decrease in
labor market concentration. Using our theory’s closed-form mapping between labor’s share
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Figure 13: Concentration

Notes: The observed wage-bill Herfindahl is just as before: HHIwn =
´ 1

0 swn
j HHIwn

j dj, HHIwn
j =

∑i∈j(swn
ij )2, swn

ij =
wijnij

∑i∈j wijnij
. The perceived wage-bill Herfindahl is H̃HI

wn
=
´ 1

0 swn
j H̃HI

wn
j dj, H̃HI

wn
j =

∑i∈j(s̃wn
ij )2, s̃wn

ij =
(wij−νij)nij

∑i∈j(wij−νij)nij
.

of income and wage-bill Herfindahls, we show that declining labor market concentration has
increased labor’s share of income by 2.89 percent between 1976 and 2014.

To assess the normative implications of our measures of labor market concentration, we es-
timate our model and conduct several counterfactuals. We use within-state-firm, across-market
differences in the response of employment and wages to state corporate tax changes (Giroud
and Rauh, 2019) to estimate the size-dependent labor supply elasticities. The size-dependent
labor supply elasticities allow us to discipline the degree of labor market power in our model.
To test how sensible our estimates are, we show that the model successfully replicates two key
non-targeted moments: the large discrepancy between weighted and unweighted wage-bill
Herfindahls, and the pass-through rate of value added per worker to wages.

We then use our model to measure the consumption equivalent welfare gain of leaving the
benchmark oligopsonistic equilibrium and entering the competitive equilibrium. We find that
households would be willing to give up 5.4 percent of lifetime consumption in order to leave
the oligopsonistic equilibrium and enter the competitive equilibrium. We show that roughly
one-fourth of the output gains generated by moving to the competitive equilibrium come from
a reallocation of workers from smaller, less productive firms to larger, more productive firms.
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Finally, as an application of the model, we compute optimal minimum wage policy. We find
that a minimum wage which binds for 5 percent of workers in the pre-minimum wage equilib-
rium is welfare maximizing. The welfare gains from implementing this policy are worth 0.07
percent of lifetime consumption. What limits the efficacy of the minimum wage is that since
the minimum wage binds mostly for smaller low-wage firms, concentration rises as the min-
imum wage rises. In many markets, households face lower perceived wages, and eventually,
employment begins to fall if the minimum wage rises too much.
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APPENDIX FOR ONLINE PUBLICATION

This Appendix is organized as follows. Section A provides additional tables and figures refer-
ences in the text. Section B provides our micro-foundation for nested-CES preferences used in
the main text and references in Section 4. Section C contains details about the data and sample
selection criteria. Section E contains derivations of the household labor supply curves, optimal
firm markdowns, and other formulas referenced in the main text. Section F contains additional
details regarding the computation of the baseline model. Section G provides a model of the ef-
fect of corporate taxes on the marginal revenue product of labor. Section H provides additional
details regarding the calibration. Section I provides our solution algorithm for the model with
a minimum wage.

A Additional tables and figures

Moment Model Data

A. Unweighted
Wage-bill Herfindahl (unweighted) 0.35 0.45
Std. Dev. of Wage-bill Herfindahl (unweighted) 0.33 0.33
Skewness of Wage-bill Herfindahl (unweighted) 1.07 0.48

B. Weighted
Wage-bill Herfindahl (weighted by market’s share of total payroll) 0.14 0.14
Std. Dev. of Wage-bill Herfindahl (weighted by market’s share of total payroll) 0.03 0.20
Skewness of Wage-bill Herfindahl (weighted by market’s share of total payroll) 3.01 2.20

C. Correlations of Wage-bill Herfindahl
Number of firms -0.52 -0.21
Std. Dev. Of Relative Wages -0.31 -0.51
Employment Herfindahl 1.00 0.98
Market Employment -0.75 -0.21

Table A1: Labor market concentration and cross-market correlations, model versus data

Notes: Benchmark oligopsonistic equilibrium. See data notes in Section 3.
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B Microfounding the nested CES labor supply system

In this section we provide a micro-foundation for the nested CES preferences used in the main
text. The arguments used here adapt those in Verboven (1996). We begin with the case of
monopsonistic competition to develop ideas and then move to the case of oligopsonistic labor
markets studied in the text. We then show that the same supply system occurs in a setting where
workers solve a dynamic discrete choice problem and firms compete in a dynamic oligopoly.

B.1 Static discrete choice framework

Agents. There is a unit measure of ex-ante identical individuals indexed by l ∈ [0, 1]. There
is a large but finite set of J sectors in the economy, with finitely many firms i ∈ {1, . . . , Mj} in
each sector.

Preferences. Each individual has random preferences for working at each firm ij. Their disu-
tility of labor supply is convex in hours worked hl. Worker l’s disutility of working hlij hours at
firm ij are:

νlij = e−µε lij hlij , log νlij = log hij − µεij,

where the random utility term ε lij from a multi-variate Gumbel distribution:

F(εi1, ..., εNJ) = exp

[
−∑

ij
e−(1+η)εij

]
.

The term ε lij is a worker-firm specific term which reduces labor disutility and hence could
capture (i) an inverse measure of commuting costs, or (ii) a positive amenity.

Decisions. Each individual must earn yl ∼ F (y), where earnings yl = wijhlij. After drawing
their vector

{
ε lij
}

, each worker solves

min
ij

{
log hij − ε lij

}
≡ max

ij

{
log wij − log yl + ε lij

}
.

This problem delivers the following probability that worker l chooses to work at firm ij, which
is independent of yl:

Probl
(
wij, w−ij

)
=

w1+η
ij

∑ij w1+η
ij

. (B1)
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Aggregation. Total labor supply to firm ij, is then found by integrating these probabilities,
multiplied by the hours supplied by each worker l:

nij =

ˆ 1

0
Probl

(
wij, w−ij

)
hlijdF (yl) , hlij = yl/wij

nij =
wη

ij

∑ij w1+η
ij

ˆ 1

0
yldF (yl)︸ ︷︷ ︸

:=Y

(B2)

Aggregating this expression we obtain the obvious result that ∑ij wijnij = Y. Now define the
following indexes:

W :=

[
∑
ij

w1+η
ij

] 1
1+η

, N :=

[
∑
ij

n
η+1

η

ij

] η
η+1

.

Along with (B2), these indexes imply that WN = Y. Using these definitions along with WN =

Y in (B2) yields the CES supply curve:

nij =

(
wij

W

)η

N.

We therefore have the result that the supply curves that face firms in this model of individual
discrete choice are equivalent to those that face the firms when a representative household
solves the following income maximization problem:

max
{nij}

∑
ij

wijnij s.t.

[
∑
ij

n
η+1

η

ij

] η
η+1

= N.

Since at the solution, the objective function is equal to WN, then the envelope condition delivers
a natural interpretation of W as the equilibrium payment to total labor input in the economy
for one additional unit of aggregate labor disutility. That is, the following equalities hold:

∂

∂N ∑
ij

wijn∗ij(wij, w−ij) = λ = W =
∂

∂N
WN.

Nested logit and nested CES. Consider changing the distribution of preference shocks as
follows:

F(εi1, ..., εNJ) = exp

− J

∑
j=1

Mj

∑
i=1

e−(1+η)εij

 1+θ
1+η

 .
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We recover the distribution (B1) above if η = θ. Otherwise, if η > θ the problem is convex
and the conditional covariance of within sector preference draws differ from the economy wide
variance of preference draws. We discuss this more below.

In this setting, choice probabilities can be expressed as the product of the conditional choice
probability of supplying labor to firm i conditional on supplying labor to market j, and the
probability of supplying labor to market j:

Probl
(
wij, w−ij

)
=

w1+η
ij

∑
Mj
i=1 w1+η

ij︸ ︷︷ ︸
Probl(Choose firm i|Choose market j)

×

[
∑

Mj
i=1 w1+η

ij

] 1+θ
1+η

∑J
l=1

[
∑Ml

k=1 w1+η
kl

] 1+θ
1+η︸ ︷︷ ︸

Probl(Choose market j)

.

Following the same steps as above, we can aggregate these choice probabilities and hours deci-
sions to obtain firm level labor supply:

nij =
wη

ij

∑
Mj
i=1 w1+η

ij

[
∑

Mj
i=1 w1+η

ij

] 1+θ
1+η

∑J
l=1

[
∑Ml

k=1 w1+η
kl

] 1+θ
1+η

Y. (B3)

We can now define the following indexes:

Wj =

Mj

∑
i=1

w1+η
ij

 1
1+η

, Nj =

Mj

∑
i=1

n
1+η

η

ij


η

1+η

,

W =

[
J

∑
j=1

W1+θ
j

] 1
1+θ

, N =

Mj

∑
i=1

N
1+θ

θ
j

 θ
1+θ

.

Using these definitions and similar results to the above we can show that WjNj = ∑
Mj
i=1 wijnij,

and Y = WN = ∑J
j=1 WjNj.

Consider the thought experiment of adding more markets J (which is necessary to identi-
cally map these formulas to our model). While the min of an infinite number of draws from
a Gumbel distribution is not defined (it asymptotes to −∞), the distribution of choices across
markets is defined at each point in the limit as we add more markets J (Malmberg (2013)). As
a result, the distribution of choices will have a well defined limit, and with the correct scaling
as we add more markets (we can scale the disutilities at each step and not affect the market
choice), as described in (Malmberg (2013)), the limiting wage indexes will be defined as above.
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We can then express (B3) as:

nij =

(
wij

Wj

)η (
Wj

W

)θ

N,

which completes the CES supply system defined in the text.

Comment. The above has established that it is straightforward to derive the supply system
in the model through a discrete choice framework. This is particularly appealing given recent
modeling of labor supply using familiar discrete choice frameworks first in models of economic
geography and more recently in labor (Borovickova and Shimer (2017), Card, Cardoso, Hein-
ing, and Kline (2018), Lamadon, Mogstad, and Setzler (2018)). Since firms take this supply
system as given, we can then work with the nested CES supply functions as if they were de-
rived from the preferences and decisions of a representative household. This vastly simplifies
welfare computations and allows for the integration of the model into more familiar macroeco-
nomic environments.

A second advantage of this micro-foundation is that it provides a natural interpretation of
the somewhat nebulous elasticities of substitution in the CES specification: η and θ. Returning
to the Gumbel distribution we observe the following

F(εi1, ..., εNJ) = exp

− J

∑
j=1

Mj

∑
i=1

e−(1+η)εij

 1+θ
1+η


A higher value of η increases the correlation of draws within a market (McFadden, 1978). Within
a market if η is high, then an individual’s preference draws are likely to be clustered. With
little difference in non-pecuniary idiosyncratic preferences for working at different firms, wages
dominate in an individual’s labor supply decision and wage posting in the market is closer to
the competitive outcome. A higher value of θ decreases the overall variance of draws across
all firms (i.e. it increases the correlation across any two randomly chosen sub-vectors of an
individual’s draws). An individual is therefore more likely to find that their lowest levels of
idiosyncratic disutility are in two different markets, increasing across market wage competition.

In the case that η = θ, the model collapses to the standard logit model. In this case the fol-
lowing obtains. Take an individual’s ε lij for some firm. The conditional probability distribution
of some other draw ε li′ j′ is the same whether firm i′ is in the same market (j′ = j) or some
other market (j′ 6= j). Individuals are as likely to find somewhere local that incurs the same
level of labor disability as finding somewhere in another market. In this setting economy-wide
monopsonistic competition obtains. When an individual is more likely to find their other low
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disutility draws in the same market, then firms within that market have local market power.
This is precisely the case that obtains when η > θ.

B.2 Dynamic discrete choice framework

We show that the above discrete choice framework can be adapted to an environment where
some individuals draw new vectors ε l each period and reoptimize their labor supply. Firms
therefore compete in a dynamic oligopoly. Restricting attention to the stationary solution to the
model where firms keep employment and wages constant—as in the tradition of Burdett and
Mortensen (1998)—we show that the allocation of employment and wages once again coincide
with the solution to the problem in the main text. To simplify notation we consider the problem
for a market with M firms i ∈ {1, . . . , M} which may be generalized to the model in the text.

Environment. Every period a random fraction λ of workers each draw a new vector ε l. Let
ni be employment at firm i. Let w̄i be the average wage of workers at firm i, such that the total
wage bill in the firm is w̄ini. Let the equilibrium labor supply function h(wi, w−i) determine the
amount of hires a firm makes if it posts a wage wi when its competitors wages in the market are
given by the vector w−i.

Value function. Let V(ni, w̄i) be the firm’s present discounted value of profits, where the firm
has discount rate β = 1. Then V(ni, w̄i) satisfies:

V (ni, w̄i) = (Pzi − w̄i) (1− λ) ni + max
w′i

{(
Pzi − w′i

)
h
(
w′i, w′−i

)
+ V

(
n′i, w̄′i

)}
,(B4)

n′
(
ni, w′i, w′−i

)
= (1− λ) ni + h

(
w′i, w′−i

)
, (B5)

w̄′
(
ni, w̄i, w′i, w′−i

)
=

(1− λ) w̄ini + h
(
w′i, w′−i

)
w′i

(1− λ) ni + h
(
w′i, w′−i

) . (B6)

The firm operates a constant returns to scale production function. Of the firm’s ni workers, a
fraction (1− λ) do not draw new preferences. The total profit associated with these workers is
then average revenue (Pzi) minus average cost (w̄i). The firm chooses a new wage w′i to post in
the market. In equilibrium, given its competitor’s wages w′−i, it hires h(wi, w−i) workers. The
total profit associated with these workers is again average revenue (Pzi) minus average cost
(w′i). The second and third equations account for the evolution of the firm’s state variables.
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Optimality. Given its competitor’s prices, the first order condition with respect to w′i is:

(
Pzi − w′i

)
h1
(
w′i, w′−i

)
− h

(
w′i, w′−i

)
+Vn

(
n′i, w̄′i

)
n′w
(
ni, w′i, w′−i

)
+Vw̄

(
n′i, w̄′i

)
w̄w
(
ni, w̄i, w′i, w′−i

)
= 0

The relevant envelope conditions are

Vn (ni, w̄i) = (Pzi − w̄i) (1− λ) + Vn
(
n′i, w̄′i

)
n′n
(
ni, w′i, w′−i

)
+ Vw̄

(
n′i, w̄′i

)
w̄′n
(
ni, w̄i, w′i, w′−i

)
Vw̄ (ni, w̄i) = − (1− λ) ni + Vw̄

(
n′i, w̄′i

)
w̄′w̄
(
ni, w̄i, w′i, w′−i

)
In a stationary equilibrium w̄i = w′i, and n′i = ni. One can compute the partial derivatives
involved in these expressions, and evaluate the conditions under stationarity to obtain

(Pzi − wi) h1 (wi, w−i) = h (wi, w−i) .

Rearranging this expression:

wi =
εi(wi, w−i)

εi(wi, w−i) + 1
Pzi , εi(wi, w−i) :=

h1(wi, w−i)wi

h(wi, w−i)

The solution to the dynamic oligopsony problem for a given supply system is identical to the
solution of the static problem. In this setting, the supply system is obviously that which is
obtained from the individual discrete choice problem in the previous section.

Comments. This setting establishes that the model considered in the main text can also be
conceived as a setting where individuals periodically receive some preference shock that causes
them to relocate, and firms engage in a dynamic oligopoly given these worker decisions. When
η > θ the shock causes a worker to consider all firms in one market very carefully to the ex-
clusion of other markets when they are making their relocation decision. When η = θ the
individual considers all firms in all markets equally.

C Data

This section provides additional details regarding the data sources used in the paper, sample
restrictions, and construction of a number of variables.
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C.1 Census Longitudinal Business Database (LBD)

The LBD is built on the Business Register (BR), Economic Census and surveys. The BR began in
1972 and is a database of all U.S. business establishments. The business register is also called the
Standard Statistical Establishment List (SSEL). The SSEL contains records for all industries ex-
cept private households and illegal or underground activities. Most government owner entities
are not in the SSEL. The SSEL includes single and multi unit establishments. The longitudinal
links are constructed using the SSEL. The database is annual.

C.2 Sample restrictions

For both the summary statistics and corporate tax analysis, we isolate all plants (lbdnums)
with non missing firmids, with strictly positive pay, strictly positive employment, non-missing
county codes for the continental US (we exclude Alaska, Hawaii, and Puerto Rico). We then
isolate all lbdnums with non-missing 2 digit NAICS codes equal to 11,21,31,32,33, or 55. We use
the consistent 2007 NAICS codes provided by Fort and Klimek (2016) throughout the paper.
These are the top tradeable 2-digit NAICS codes as defined by Delgado, Bryden, and Zyontz
(2014). We winsorize the relative wage at the 1% level to remove outliers. Each plant has a
unique firmid which corresponds to the owner of the plant.46 Throughout the paper, we define
a firm to be the sum of all establishments in a commuting zone with a common firmid and
NAICS3 classification.

Summary Statistics Sample: Our summary statistics include all observations that satisfy
the above criteria in 1976 and 2014.

Corporate Tax Sample: The corporate tax analysis includes all observations that satisfy the
above criteria between 2002 and 2012 (note the tax series ends in 2012, but the ‘Year t+1’ esti-
mates use 2013 observations). We further restrict the sample to firmid-market-year observations
which have a ‘Corporation’ legal form of organization. The legal form of organization changes
discontinuously in 2001 and earlier years, and thus we restrict our analysis to post-2002 ob-
servations. We must further restrict our attention to corporations that operate in at least two
markets, since we use variation across markets, within a state, in order to isolate the impact of
the corporate tax shocks on employment and wages.

Sample NAICS Codes and Commuting Zones: Table C1 describes the NAICS 3 codes in our
sample. Table C2 provides examples of commuting zones and the counties that are associated
with those commuting zones.

46Each firm only has one firmid. The firmid is different from the EIN. The firmid aggregates EINS to build a
consistent firm identifier in the cross-section and over time.
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Table C1: Examples of NAICS3 Codes.

NAICS3 Description NAICS3 Description

111 Crop Production 322 Paper Manufacturing
112 Animal Production and Aquaculture 323 Printing and Related Support Activities
113 Forestry and Logging 324 Petroleum and Coal Products Manufacturing
114 Fishing, Hunting and Trapping 325 Chemical Manufacturing
115 Support Activities for Agriculture and Forestry 326 Plastics and Rubber Products Manufacturing
211 Oil and Gas Extraction 327 Nonmetallic Mineral Product Manufacturing
212 Mining (except Oil and Gas) 331 Primary Metal Manufacturing
213 Support Activities for Mining 332 Fabricated Metal Product Manufacturing
311 Food Manufacturing 333 Machinery Manufacturing
312 Beverage and Tobacco Product Manufacturing 334 Computer and Electronic Product Manufacturing
313 Textile Mills 335 Electrical Equipment, Appliance, and Component Manufacturing
314 Textile Product Mills 336 Transportation Equipment Manufacturing
315 Apparel Manufacturing 337 Furniture and Related Product Manufacturing
316 Leather and Allied Product Manufacturing 339 Miscellaneous Manufacturing
321 Wood Product Manufacturing 551 Management of Companies and Enterprises

Table C2: Commuting Zone Examples

Commuting Zone ID, 2000 County Name Metropolitan Area, 2003 County Population 2000 Commuting Zone Population 2000

58 Cook County Chicago-Naperville-Joliet, IL Metropolitan Division 5,376,741 8,704,935
58 DeKalb County Chicago-Naperville-Joliet, IL Metropolitan Division 88,969 8,704,935
58 DuPage County Chicago-Naperville-Joliet, IL Metropolitan Division 904,161 8,704,935
58 Grundy County Chicago-Naperville-Joliet, IL Metropolitan Division 37,535 8,704,935
58 Kane County Chicago-Naperville-Joliet, IL Metropolitan Division 404,119 8,704,935
58 Kendall County Chicago-Naperville-Joliet, IL Metropolitan Division 54,544 8,704,935
58 Lake County Lake County-Kenosha County, IL-WI Metropolitan Division 644,356 8,704,935
58 McHenry County Chicago-Naperville-Joliet, IL Metropolitan Division 260,077 8,704,935
58 Will County Chicago-Naperville-Joliet, IL Metropolitan Division 502,266 8,704,935
58 Kenosha County Lake County-Kenosha County, IL-WI Metropolitan Division 149,577 8,704,935
58 Racine County Racine, WI Metropolitan Statistical Area 188,831 8,704,935
58 Walworth County Whitewater, WI Micropolitan Statistical Area 93,759 8,704,935
47 Anoka County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 298,084 2,904,389
47 Carver County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 70,205 2,904,389
47 Chisago County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 41,101 2,904,389
47 Dakota County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 355,904 2,904,389
47 Hennepin County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 1,116,200 2,904,389
47 Isanti County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 31,287 2,904,389
47 Ramsey County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 511,035 2,904,389
47 Scott County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 89,498 2,904,389
47 Washington County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 201,130 2,904,389
47 Wright County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 89,986 2,904,389
47 Pierce County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 36,804 2,904,389
47 St. Croix County Minneapolis-St. Paul-Bloomington, MN-WI Metropolitan Statistical Area 63,155 2,904,389
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D Labor market concentration in all industries

Table D1 includes summary statistics of labor market concentration across all industries. Simi-
lar to tradeable industries, the market-level unweighted and weighted Herfindahls decline. The
unweighted wage-bill Herfindahl declines from 0.36 to 0.34. The payroll weighted wage-bill
Herfindahl declines from 0.17 to 0.11. The payroll weighted employment Herfindahl declines
from 0.15 to 0.09. Similar to tradeable industries, Herfindahls are negatively correlated with the
number of firms as well as total employment in the market.

(A) Firm-market-level averages
1976 2014

Total firm pay (000s) 209.40 1102.00
Total firm employment 19.43 23.21
Pay per employee $ 10,777 $ 47,480

Firm-Market level observations 3,746,000 5,854,000

(B) Market-level averages
1976 2014

Wage-bill Herfindahl (Unweighted) 0.36 0.34
Employment Herfindahl (Unweighted) 0.33 0.32
Wage-bill Herfindahl (Weighted by market’s share of total wage-bill) 0.17 0.11
Employment Herfindahl (Weighted by market’s share of total wage-bill) 0.15 0.09
Firms per market 75.70 113.20
Percent of markets with 1 firm 10.4% 9.4%

Market level observations 49,000 52,000

(C) Market-level correlations
1976 2014

Correlation of Wage-bill Herfindahl and number of firms -0.20 -0.17
Correlation of Wage-bill Herfindahl and Employment Herfindahl 0.97 0.97
Correlation of Wage-bill Herfindahl and Market Employment -0.15 -0.16

Market-level observations 49,000 52,000

Table D1: Summary Statistics, Longitudinal Employer Database 1976 and 2014

Notes: All NAICS. Market defined to be NAICS3 within Commuting Zone. Observations rounded to nearest thou-
sand and numbers rounded to 4 significant digits according to Census disclosure rules. Firm-market-level refers to
a ‘firmid by Commuting Zone by 3-digit NAICs by Year’ observation. Market-level refers to a ‘Commuting Zone
by 3-digit NAICs by Year’ aggregation of observations.
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E Mathematical derivations

This section details derivation of mathematical formulae appearing in the main text. It covers:
(i) the household problem, (ii) sectoral equilibria of the firm problem, (iii) the labor share, (iv)
wage pass-through results.

E.1 Household problem derivations

We solve for demand of the final good by taking the first order condition of the household
problem with respect to Ct

u′

Ct −
1

ϕ̄
1
ϕ

N
1+ 1

ϕ

t

1 + 1
ϕ

 = Λt

The Euler equation for households yields:

Rt =
Λt−1

Λt
[rt + δ]

Where the discount rate is given by rt:

rt =
1
β
− 1

To determine labor supply, we proceed with a three-step budgeting problem. Consider the
first stage. Suppose the household must earn St by choosing labor supply across markets:

Nt = min
{Njt}

[ˆ 1

0
N

θ+1
θ

jt dj

] θ
θ+1

s.t
ˆ 1

0
WjtNjtdj ≥ St

The FOC
(
Njt
)

is47

N
− 1

θ
t N

1
θ
jt = λWjt

N
− 1

θ
t

[ˆ 1

0
N

θ+1
θ

jt dj

]
= λ

ˆ 1

0
WjtNjtdj

Nt = λ

ˆ 1

0
WjtNjtdj

47Where we have used
[´ 1

0 N
θ+1

θ
jt dj

] θ
θ+1−1

=

[´ 1
0 N

θ+1
θ

jt dj
]− 1

θ+1
= N

− 1
θ

t
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then define Wt by the number that satisfies WtNt =
´ 1

0 WjtNjtdj, which implies that λ = W−1
t .

Using the wage index in the first-order condition, we obtain:

N
− 1

θ
t N

1
θ
jt = λWjt

Njt =

(
Wjt

Wt

)θ

Nt (E1)

We then recover the wage index by multiplying (E1) by Wjt and integrating across markets:

WjtNjt = W1+θ
jt W−θ

t Ntˆ 1

0
WjtNjtdj =

ˆ 1

0
W1+θ

jt djW−θ
t Nt

WtNt =

ˆ 1

0
W1+θ

jt djW−θ
t Nt

Wt =

[ˆ 1

0
W1+θ

jt dj

] 1
1+θ

Moving to the second stage, suppose that a household must raise resources St within a
market and chooses labor supply to each firm within that market:

Njt = min
{nijt}

(
M

∑
i=1

n
η+1

η

ijt

) η
η+1

s.t.
M

∑
i=1

wijtnijt ≥ St

Let Wjt be the number such that WjtNjt = ∑i wijtnijt. Taking first order conditions and
proceeding similarly to the first stage we obtain the following:

nijt =

(
wijt

Wjt

)η

Njt (E2)

Wjt =

[
∑

i
w1+η

ijt

] 1
1+η

Moving to the third stage, we recast the original problem and take first order conditions for
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Nt:

U = max
{Nt,Ct,Kt}

∞

∑
t=0

βtu

Ct −
1

ϕ̄
1
ϕ

N
1+ 1

ϕ

t

1 + 1
ϕ



subject to the household’s budget constraint which is given by,

Ct +
[
Kt+1 − (1− δ)Kt

]
= NtWt + RtKt + Πt.

This yields the following expression for the aggregate labor supply index:

Nt = ϕ̄Wϕ
t (E3)

Substituting (E1) and (E3) into equation (E2), we derive the labor supply curve in the main
text:

nijt =

(
wijt

Wjt

)η (
Wjt

Wt

)θ

(Wt)
ϕ

Wjt =

[
∑

i
w1+η

ijt

] 1
1+η

Wt =

[ˆ 1

0
W1+θ

jt dj

] 1
1+θ

To obtain the inverse labor supply curve, we use the first order conditions for labor supply
within the market:

nijt =

(
wijt

Wjt

)η

Njt

Inverting this equation yields,

wijt =

(
nijt

Njt

)1/η

Wjt (E4)
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Labor supply across markets is given by the following expression:

Njt =

(
Wjt

Wt

)θ

Nt

Inverting this equation yields,

Wjt =

(
Njt

Nt

)1/θ

Wt (E5)

Combining (E5), (E4) and (E3) yields the expression in the text.

E.2 Derivation of firm problem under Cournot competition

Let yijt = Zzijt

(
k1−γ

ijt nγ
ijt

)α
. The firm problem with capital and decreasing returns to scale is

given by,

max
kijt,nijt

Zzijt

(
k1−γ

ijt nγ
ijt

)α
− Rtkijt − wijtnijt

Taking first order conditions for kijt yields
Rtkijt
yijt

= (1− γ) α. We substitute this expression into
the profit function

max
kijt,nijt

[1− (1− γ) α] yijt − wijtnijt

We solve for capital using the first order condition for capital (again):48

kijt =

(
(1− γ) αzijtZ

Rt

) 1
1−(1−γ)α

n
γα

1−(1−γ)α

ijt

We substitute this into the expression for yijt to obtain firm-level output as a function of nijt:

yijt =

(
(1− γ) α

Rt

) (1−γ)α
1−(1−γ)α

(zijtZ)
1

1−(1−γ)α n
γα

1−(1−γ)α

ijt

The firm profit function becomes:

πijt = [1− (1− γ) α]

(
(1− γ) α

Rt

) (1−γ)α
1−(1−γ)α

(zijtZ)
1

1−(1−γ)α n
γα

1−(1−γ)α

ijt − wijtnijt

48

(1− α) γzi

(
k1−α

i nα
i

)γ
= rki implies ki =

(
(1−α)γzi

r

) 1
1−(1−α)γ n

αγ
1−(1−α)γ

i
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Defining α̃ := γα
1−(1−γ)α

, z̃ijt := [1− (1− γ) α]
(
(1−γ)α

Rt

) (1−γ)α
1−(1−γ)α z

1
1−(1−γ)α

ijt , and Z̃ := Z
1

1−(1−γ)α

yields the firm profit maximization problem, expression (9), in the text.

Define MRPLijt = α̃Z̃z̃ijtnα̃−1
ijt . Define Xt =

1

ϕ̄
1
ϕ

N
1
ϕ−1/θ

t and substitute this into the inverse

labor supply function to derive the following expression:

wijt = n1/η
ijt N1/θ−1/η

jt Xt (E6)

We substitute this expression into the profit function to obtain,

πijt = max
nijt

Z̃z̃ijtnα̃
ijt − n

1
η+1
ijt n

1
θ−

1
η

jt Xt

Before taking first order conditions, we derive a useful result,
∂Njt
∂nijt

nijt
Njt

= swn
ijt .

Lemma E.1.
∂njt
∂nijt

nijt
njt

= swn
ijt

Proof: Using the definition of Njt =

[
∑i n

η+1
η

ijt

] η
η+1

and taking first order conditions yields:

∂Njt

∂nijt
=

[
∑

i
n

η+1
η

ijt

] η
η+1−1

n
η+1

η −1
ijt

= N
− 1

η

jt n
1
η

ijt

This yields the elasticity of market level labor supply:

∂Njt

∂nijt

nijt

Njt
=

(
nijt

Njt

) η+1
η

(E7)

Substituting (E7) into the definition of the wage-bill share:

swn
ijt =

wijtnijt

∑i wijtnijt
=

n
1
η+1
ijt N

1
θ−

1
η

jt X

∑i n
1
η+1
ijt N

1
θ−

1
η

jt X
=

n
1
η+1
ijt

∑i n
1
η+1
ijt

=
n

η+1
η

ijt[
∑i n

η+1
η

ijt

] η
η+1

η+1
η

=
n

η+1
η

ijt

N
η+1

η

jt

=⇒ swn
ijt =

∂Njt

∂nijt

nijt

Njt
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Lemma E.2. The equilibrium markdown µijt is a wage bill share weighted harmonic mean of the monop-
sonistically competitive markup under η or θ.

wijt = µijtMRPLijt

µijt =
εijt

εijt + 1

εijt =

[(
1− swn

ijt

) 1
η
+ swn

ijt
1
θ

]−1

(E8)

Proof: Using Lemma E.1, we take first-order conditions to derive the optimal employment
decision:

0 = MRPLijt −
(

1
η
+ 1
) [

n
1
η

ijtN
1
θ−

1
η

jt X
]
−
(

1
θ
− 1

η

) [
n

1
η+1
ijt N

1
θ−

1
η

jt X
]

1
Njt

∂Njt

∂nijt

MRPLijt =

[
η + 1

η
+

(
θ + 1

θ
− η + 1

η

)
swn

ijt

]
wijt

wijt =

[
1 +

(
1− swn

ijt

) 1
η
+ swn

ijt
1
θ

]−1

MRPLijt

E.3 Equilibrium properties - Labor Share

Using Lemma E.2, an individual firm’s labor share, lsij, can be written in terms of the equilib-
rium markup:

lsij =
wijnij

Z̃z̃ijnα̃
ij

lsij = α̃
wij

MRPLij

lsij = α̃µij

Let yij = Z̃z̃ijnα̃
ij. At the market level, the inverse labor share in market j, LS−1

j , is given by
the following expression:

LS−1
j =

∑i yij

∑i wijnij
= ∑

i

(
wijnij

∑i wijnij

)
yij

wijnij
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Using the definition of the wage-bill share,

LS−1
j = ∑

i
swn

ij α̃−1µ−1
ij

LS−1
j = α̃−1 ∑

i
swn

ij

[
η + 1

η
+ swn

ij

(
θ + 1

θ
− η + 1

η

)]
LS−1

j = α̃−1 η + 1
η

+ α̃−1
(

θ + 1
θ
− η + 1

η

)
HHIwn

j

Aggregating across markets yields the economy-wide labor share:

LS−1 =

´
∑ yij´

∑ wijnij
=

ˆ
∑ wijnij´
∑ wijnij

∑ yij

∑ wijnij
=

ˆ
swn

j LS−1
j

This yields the expression in the text:

LS−1 =
1
α̃

(
η + 1

η
+

(
θ + 1

θ
− η + 1

η

) ˆ
swn

j HHIwn
j dj

)

F Non-Constant Returns to Scale Computation γ 6= 1

We solve the model by (i) guessing a vector of wage-bill shares, swn
j = (swn

1j , . . . , swn
Mj j

), (ii) solving
for firm-level markdowns, firm-level wages, and the sectoral wage index, and (iii) updating the
wage-bill share using firm-level wages and the sectoral wage index.

From the main text, we define the marginal revenue product of labor as follows:

MRPLij = Z̃z̃ijtα̃nα̃−1
ijt

Substituting for nijt using the labor supply equation (6), and defining ẑij = α̃z̃ij and ω = Z̃
ϕ̄1−α̃ ,

then the marginal revenue product of labor can be written as:

MRPLij = ωW(1−α̃)(θ−ϕ)ẑij

{
w−η

ij Wη−θ
j

}1−α̃

Use Lemma E.2 to write the wage in terms of the marginal revenue product of labor:

wij = µijMRPLij

wij = µijωW(1−α̃)(θ−ϕ)ẑij

{
w−η

ij Wη−θ
j

}1−α̃
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Use the fact that Wj = wijs
− 1

η+1
ij to write this expression in terms of wage-bill shares, and

then solve for wij. The resulting expression is given below:

wij = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ µ

1
1+(1−α̃)θ

ij ẑ
1

1+(1−α̃)θ

ij s
− (1−α̃)(η−θ)

η+1
1

1+(1−α̃)θ

ij

We will solve for an equilibrium in ‘hatted’ variables, and then rescale the ‘hatted’ variables
to recover the equilibrium values of nij and wij. Define the following ‘hatted’ variables:

ŵij := µ
1

1+(1−α̃)θ

ij ẑ
1

1+(1−α̃)θ

ij s
− (1−α̃)(η−θ)

η+1
1

1+(1−α̃)θ

ij

Ŵj :=

[
∑
i∈j

ŵη+1
ij

] 1
η+1

Ŵ :=
[ˆ

Ŵθ+1
j dj

] 1
θ+1

n̂ij :=

(
ŵij

Ŵj

)η (
Ŵj

Ŵ

)θ (
Ŵ
1

)ϕ

These definitions imply that

wij = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ ŵij

Wj = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ Ŵj

W = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ Ŵ

These definitions allow us to compute the equilibrium market shares in terms of ‘hatted’ vari-
ables:

swn
j =

(wij

Wj

)η+1
=
( ŵij

Ŵj

)η+1
(F1)

For a given set of values for parameters {Z̃, ϕ̄, α̃, β, δ}, we can solve for the non-constant
returns to scale equilibrium as follows:

1. Guess swn
j = (swn

1j , . . . , swn
Mj j

)

2. Compute {εij} and {µij} using the expressions in Lemma E.2.
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3. Construct the ‘hatted’ equilibrium values as follows:

ŵij = µ
1

1+(1−α̃)θ

ij ẑ
1

1+(1−α̃)θ

ij s
− (1−α̃)(η−θ)

η+1
1

1+(1−α̃)θ

ij

Ŵj =

[
∑
i∈j

ŵη+1
ij

] 1
η+1

Ŵ =

[ˆ
Ŵθ+1

j dj
] 1

θ+1

n̂ij =

(
ŵij

Ŵj

)η (
Ŵj

Ŵ

)θ (
Ŵ
1

)ϕ

4. Update the wage-bill share vector using equation (F1).

5. Iterate until convergence of wage-bill shares.

Recovering true equilibrium values from ‘hatted’ equilibrium: Once the ‘hatted’ equilib-
rium is solved, we can construct the true equilibrium values by rescaling as follows:

ω =
Z̃

ϕ̄1−α̃
(F2a)

W = ω
1

1+(1−α̃)ϕ Ŵ
1+(1−α̃)θ
1+(1−α̃)ϕ (F2b)

wij = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ ŵij (F2c)

Wj = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ Ŵj (F2d)

nij = ϕ̄

(
wij

Wj

)η (
Wj

W

)θ (W
1

)ϕ

(F2e)

F.1 Scaling the economy

We set the scale parameters ϕ̄ and Z̃ in order to match average firm size observed in the
data (AveFirmSizeData = 27.96 from Table 8), and average earnings per worker in the data
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(AveEarningsData = $65, 773 from Table 8):

̂AveFirmSize
Data

=

´ {
∑i∈j nij

}
dj´ {

Mj
}

dj
(F3a)

̂AveEarnings
Data

=

´ {
∑i∈j wijnij

}
dj

´ {
∑i∈j nij

}
dj

(F3b)

To compute the values of ϕ̄ and Z̃ that allow us to match AveFirmSizeData and AveEarningsData,
we substitute the model’s values for nij, wij, and Mj into AveFirmSizeData and AveEarningsData.
We repetitively substitute equations (F2a) through (F2e) into (F3a) and (F3b). We then solve for
ϕ̄ and Z̃ in terms of ‘hatted’ variables as follows:

ϕ̄ =

AveFirmSizeData

̂AveFirmSize
Model(

AveEarningsData

̂AveEarnings
Model

)ϕ (F4)

Z̃ = ϕ̄1−α̃

 AveEarningsData

̂AveEarnings
Model

1+(1−α̃)ϕ

× Ŵ−(1−α̃)(θ−ϕ) (F5)

where

̂AveFirmSize
Model

=

´ {
∑i∈j n̂ij

}
dj´ {

Mj
}

dj

̂AveEarnings
Model

=

´ {
∑i∈j ŵijn̂ij

}
dj

´ {
∑i∈j n̂ij

}
dj

The scaled model equilibrium values (defined by (F2a) through (F2e) evaluated at (F4) and
(F5)) will now match AveFirmSizeData and AveEarningsData.

F.2 Recovering productivities

In Section 6 we discuss the potential to invert the model to recover productivities. We show
how this may be achieved. Proceeding as below one may obtain, non-parameterically, the dis-
tribution of productivities of firms in the economy. In contrast, our approach in the body of the
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paper is instead to make a parameteric assumption on the distribution of productivities. Why?
The approach of non-parameterically determining the distribution requires computation of the
model within the Census Research Data Center, which is costly. However we detail this pro-
cedure here as it is straight-forward to implement on data that researchers have easier access
to.

Take the expression for a firm’s equilibrium wage from above, where we recognize that µij

is a closed form function of the wage-bill share sij:

wij = ω
1

1+(1−α̃)θ W
(1−α̃)(θ−ϕ)
1+(1−α̃)θ µ(sij)

1
1+(1−α̃)θ ẑ

1
1+(1−α̃)θ

ij s
− (1−α̃)(η−θ)

η+1
1

1+(1−α̃)θ

ij

We can divide these expressions for two firms 1 and 2 in sector j. We drop extraneous subscripts:

w1

w2
=

(
µ(s1)

µ(s2)

) 1
1+(1−α̃)θ

(
ẑ1

ẑ2

) 1
1+(1−α̃)θ

(
s1

s2

)− (1−α̃)(η−θ)
η+1

1
1+(1−α̃)θ

.

Recall that sij = (wij/Wj)
η+1. Which implies that (s1/s2) = (w1/w2)

η+1. Using this

(
s1

s2

) 1
η+1

=

(
µ(s1)

µ(s2)

) 1
1+(1−α̃)θ

(
ẑ1

ẑ2

) 1
1+(1−α̃)θ

(
s1

s2

)− (1−α̃)(η−θ)
η+1

1
1+(1−α̃)θ

.

which implies that

ẑ2

ẑ1
=

µ(s1)

µ(s2)

(
s2

s1

) 1+(1−α̃)(η)
η+1

. (F6)

Given data on shares, and our estimates of the parameters η and θ which index the function µ,
the right hand side can be treated as data. We can therefore invert the model to obtain relative
productivities. Additional data on employment and wages in one firm can then be used to
determine absolute productivities.

G Corporate Taxes and Labor Demand

Consider a single firm i. Assume constant returns to scale. Let the corporate tax rate be given
by τc, and let the fraction of capital financed by debt be λ. Accounting profits of a firm (on
which taxes are based) are given by

πA = Pzik1−α
i nα

i − wini − λrki︸︷︷︸
interest expense

−δki
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The pre-tax economic profits of a firm are given by

πE = Pzik1−α
i nα

i − wini − rki − δki

The after-tax economic profits of a firm are given by

π = πE − τcπA

Define z̃i = (1− τc)zi, w̃i = (1 + τc)wi, and r̃ = (1 + λτc)r + (1 + τc)δ. After substituting
and solving, the profit maximization problem of the firm becomes:

max
ki,ni

z̃iPk1−α
i nα

i − w̃ini − r̃ki

Substituting for capital, the profit maximization problem becomes

π = max
ni

[[
(1− α)

1−α
α − (1− α)

1
α

]
z̃

1
α
i r̃−

1−α
α − w̃i

]
ni

We can scale the profits by 1
1+τc

and then use the definition of w̃i to write profits as follows:

π̂ =
π

1 + τc
= max

ni

[
M̂RPLi − wi

]
ni

Where the marginal product is given by,

M̂RPLi =

[
(1− α)

1−α
α − (1− α)

1
α

]
z̃

1
α
i r̃−

1−α
α

1 + τc

In the estimation, we do not need to take a stance on the value of λ (the share of capital financed
by debt), but this expression shows how corporate tax rates map to labor demand.

H Calibration details

We assume there are 5,000 markets. For computational reasons, we must cap the number of
firms per market since the Pareto distribution has a fat tail. We set the cap equal to 200 firms per
market. Our results are not sensitive to the number of markets or the cap on firms per market.
Figure H1 plots the mixture of Pareto distributions from which we draw the number of firms per
market, Mj. The distribution of the number of firms per market, G(Mj), is a mixture of Pareto
distributions. The thin tailed Pareto has the following parameters: Shape=0.67, Scale=5.7, Lo-
cation=2.0. The fat tailed Pareto has the following parameters: Shape=0.67, Scale=6.25×5.7,
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Figure H1: Distribution of the number of firms across sectors

Notes: This is a mixture of Pareto distributions. Thin Tailed: Shape=0.67, Scale=5.7, Location=2.0. Fat Tailed:
Shape=0.67, Scale=6.25×5.7, Location=2.0.

Location=2.0.

I Minimum wage

In order to solve the firm’s problem, we will have to take account of the households multipliers,
νijt on equation (18). Define the perceived wage-bill share:

s̃ijt =
(wijt − νijt)nijt

∑i∈j(wijt − νijt)nijt

Define the perceived sectoral and aggregate wage indexes:

W̃jt :=

[
∑
i∈j

(
wijt − νijt

)1+η
] 1

1+η

, W̃t :=
[ˆ

W̃1+θ
jt dj

] 1
1+θ

.

I.1 Minimum wage solution algorithm

We implement the following solution algorithm. Initialize the algorithm by (i) guessing a value
for W̃(0)

t , (ii) assuming all firms are in Region I, which implies guessing ν
(0)
ijt = 0. These will all

be updated in the algorithm.
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1. Solve the sectoral equilibrium:

(a) Guess perceived shares s̃(0)ijt .

(b) In Region I, where minimum wage does not bind, solve for the firm’s wage as before,
except with the perceived aggregate wage index W̃t instead of Wt:

wijt =

[
ωµ
(
s̃ijt
)

W̃(1−α̃)(θ−ϕ)
t z̃ijt s̃

(l)− (1−α̃)(η−θ)
η+1

ijt

] 1
1+(1−α̃)θ

(c) In all other regions Region II, III, IV, set wijt = w.

(d) Compute perceived wages using the guess ν
(k)
ijt : w̃ijt = wijt − ν

(k)
ijt

(e) Update shares using w̃ijt:

s̃(l+1)
ijt =

w̃1+η
ijt

∑i∈j w̃1+η
ijt

:=
w̃ijtnijt

∑i∈jw̃ijtnijt

=

w̃ijt ϕ̄

(
w̃ijt

W̃jt

)η (
W̃jt

W̃t

)θ

W̃ϕ
t

∑i∈j w̃ijt ϕ̄

(
w̃ijt

W̃jt

)η (
W̃jt

W̃t

)θ

W̃ϕ
t


(f) Iterate over (b)-(e) until s̃(l+1)

ijt = s̃(l)ijt .

2. Recover employment nijt according to the current guess of firm region. First use w̃ijt to
compute W̃jt, W̃t. Then by region:

(I) Firm is unconstrained:

nijt = ϕ̄

(
wijt

W̃jt

)η (
W̃jt

W̃ t

)θ

W̃ϕ
t

(II) Firm is constrained and employment is determined by the household labor supply
curve at w:

nijt = ϕ̄

(
w

W̃jt

)η (
W̃jt

W̃t

)θ

W̃ϕ
t

(III),(IV) Firm is constrained and employment is determined by firm MRPLij curve at w:

nijt =

(
α̃Z̃z̃ijt

w

) 1
1−α̃

3. Update ν
(k)
ijt :
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(a) Use nijt to compute Njt, Nt.

(b) Update νijt from the household’s first order conditions:

ν
(k+1)
ijt = wijt − ϕ̄

− 1
ϕ

(
nijt

N jt

) 1
η
(

Njt

Nt

) 1
θ

N
1
ϕ

t

4. Update W̃(k)
t :

(a) Compute w̃ijt = wijt − ν
(k+1)
ijt

(b) Use w̃ijt to update the aggregate wage index to W̃(k+1)
t .

5. Update firm regions:

(a) Compute profits for all firms: πijt = Z̃z̃ijtnα̃
ijt − wnijt.

(b) If in sector j there exists a firm with wijt < w̄, then move the firm with the lowest
wage into Region II.

(c) If in sector j there exists a firm that was initially in Region II and has negative profits
πijt < 0, move that firm into Region III.49

6. Iterate over (1) to (5) until ν
(k+1)
ijt = ν

(k)
ijt and W̃(k+1)

t = W̃(k)
t .

49We do not need to distinguish Region III from Region IV in the algorithm, since it the determination of equi-
librium wages and employment are the same in each region.
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