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Imperfect Competition, Compensating Differentials,
and Rent Sharing in the US Labor Market†
By Thibaut Lamadon, Magne Mogstad, and Bradley Setzler*
We quantify the importance of imperfect competition in the US
labor market by estimating the size of labor market rents earned
by American firms and workers. We construct a matched employeremployee panel dataset by combining the universe of US business
and worker tax records for the period 2001–2015. Using this panel
data, we identify and estimate an equilibrium model of the labor
market with two-sided heterogeneity where workers view firms as
imperfect substitutes because of heterogeneous preferences over
nonwage job characteristics. The model allows us to draw inference
about imperfect competition, worker sorting, compensating differentials, and rent sharing. (JEL D24, H24, H25, J22, J24, J31, J42)
How pervasive is imperfect competition in the labor market? Arguably, this question is really about the size of rents earned by employers and workers from ongoing
employment relationships (Manning 2011). In the textbook model of a competitive
labor market, the law of one price holds and there should exist a single market compensation for a given quality of a worker, no matter which employer she works for. If
labor markets are imperfectly competitive, however, the employer or worker or both
may also earn rents from an employment relationship. If a worker gets rents, the loss
of the current job makes the worker worse off—an identical job cannot be found
at zero cost. If an employer gets rents, the employer will be worse off if a worker
leaves—the marginal product is above the wage and worker replacement is costly.
To draw inference about imperfect competition in the labor market, it therefore seems natural to measure the size of rents earned by employers and workers.
However, these rents are not directly observed, and recovering them from data has
proven difficult for several reasons. One challenge is that observationally equivalent
workers could be paid differentially because of unobserved skill differences, not
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imperfect competition (see, e.g., Abowd, Kramarz, and Margolis 1999; Gibbons
et al. 2005). Another challenge is that observed wages may not necessarily reflect
the full compensation that individuals receive from working in a given firm. Indeed,
both survey data (e.g., Hamermesh 1999, Pierce 2001, Maestas et al. 2018) and
experimental studies (e.g., Mas and Pallais 2017, Wiswall and Zafar 2018, Chen
et al. 2020) suggest that workers may be willing to sacrifice higher wages for better nonwage job characteristics or amenities when choosing an employer. Thus,
firm-specific wage premiums could reflect unfavorable amenities, not imperfect
competition.
The primary goal of our paper is to address these challenges and quantify the
importance of imperfect competition in the US labor market by estimating the size
of rents earned by American firms and workers from ongoing employment relationships. To this end, we construct a matched employer-employee panel dataset
by combining the universe of US business and worker tax records for the period
2001–2015. Using this panel data, we identify and estimate a model of the labor
market that allows us to draw inference about imperfect competition, compensating
differentials, and rent sharing. We also use the model to quantify the relevance of
nonwage job characteristics and imperfect competition for inequality and tax policy,
to assess the economic determinants of worker sorting, and to offer a unifying explanation of key empirical features of the US labor market.
In Section I, we develop the equilibrium model of the labor market. This model
builds on work by Rosen (1986); Boal and Ransom (1997); Bhaskar, Manning, and
To (2002); Manning (2005); and Card et al. (2018). Competitive labor market theory requires firms to be wage takers so that labor supply to the individual firm is perfectly elastic. The evidence that idiosyncratic productivity shocks to a firm transmit
to the earnings of its workers is at odds with this theory (see, e.g., Guiso, Pistaferri,
and Schivardi 2005). To allow labor supply to be imperfectly elastic, we let employers compete with one another for workers who have heterogeneous preferences over
amenities. Since we allow these amenities to be unobserved to the analyst, they can
include a wide range of characteristics, such as distance of the firm from the worker’s home, flexibility in the work schedules, the type of tasks performed, the effort
required to perform these tasks, the social environment in the workplace, and so on.1
The importance of workplace amenities has long been recognized in the theory of
compensating differentials (Rosen 1986). This is a theory of vertical differentiation:
some employers offer better amenities than others. Employers that offer favorable
amenities can attract labor at lower than average wages, whereas employers offering
unfavorable amenities need to pay premiums as offsetting compensation in order
to attract labor. Our model combines this vertical differentiation with horizontal
employer differentiation: workers have different preferences over the same workplace amenities. As a result of this preference heterogeneity, the employer faces an
upward sloping supply curve for labor, implying wages are an increasing function of
firm size. We assume employers do not observe the idiosyncratic taste for amenities
1
There is limited empirical evidence on which nonwage characteristics matter the most. However, survey data
from Maestas et al. (2018) point to the importance of flexibility in work schedules, the type of tasks performed, and
the amount of effort required. The analysis of Marinescu and Rathelot (2018) suggests distance of the firm from
the workers’ home may be important. Chen et al. (2020) use field experiments to estimate high willingness to pay
for flexibility in work schedules.
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of any given worker. This information asymmetry implies employers cannot price
discriminate with respect to workers’ reservation values. Instead, if a firm becomes
more productive and thus wants to increase its size, the employer needs to offer
higher wages to all workers of a given type. As a result, the equilibrium allocation
of workers to firms creates surplus or rents to inframarginal workers.
The size of rents depends on the slope of the labor supply curve facing the firm.
The steeper the labor supply curve, the more important amenities are for workers’
choices of firms as compared to wages. Therefore, imperfect competition as measured by rents increases in the progressivity of labor income taxes and in the variability of the idiosyncratic taste for amenities. However, the existence of rents does
not imply the equilibrium allocation of workers to firms is inefficient. In our model,
the market allocation will be inefficient if the firms differ in w
 age-setting power,
and, as a result, differ in the extent to which they mark down wages relative to the
marginal product. To allow for such differences, we let workers view firms as closer
substitutes in some markets than others. This structure on the workers’ preferences
captures that workplace characteristics are likely to vary systematically across firms
depending on location and industry.
In Section II, we describe the business and worker tax records, which provide us
with panel data on the outcomes and characteristics of US firms and workers. The
firm data contain information on revenues and expenditures on intermediate inputs
as well as industry codes and geographical identifiers. We merge the firm dataset
with worker tax records, creating the matched employer-employee panel data. The
key variables we draw from worker tax returns are the number of employees and
their annual earnings at each employer.
In Section III, we demonstrate how the model is identified from the data. To
increase our confidence in the empirical findings from the model, we allow for rich
unobserved heterogeneity across workers with respect to preferences and productivity and between firms in terms of technology and amenities. Even so, it is possible
to prove identification of the parameters of interest given the panel data of workers
and firms. For example, the rents earned by workers can be measured given data
on earnings and the elasticity of the labor supply curve specific to the firm. These
elasticities can be recovered from estimates of the p ass-through of firm shocks to
incumbent workers’ earnings. As another example, the correlation structure in a
worker’s tastes for the amenities of firms in the same market can be identified by
comparing estimates of the pass-through rates of shocks specific to the firm versus
common to the market. Estimates of worker effects, firm effects, and worker sorting
allow us to recover the productivity of workers, the compensating differentials due
to the vertical differentiation of firms, and the extent to which preferences for amenities vary by worker productivity. To determine whether productive workers and
firms are complements in production, we take advantage of the estimated interaction
coefficients between worker and firm effects recovered from changes in earnings
when workers move between employers.
Section IV discusses the estimation procedure, parameter estimates, and fit. The
model yields four key findings that we discuss in Section V. First, there is a significant amount of rents and imperfect competition in the US labor market due to horizontal employer differentiation. Workers are, on average, willing to pay 13 percent
of their wages to stay in the current jobs. Comparing these worker rents to those
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earned by employers suggests that total rents are divided relatively equally between
firms and workers. Second, the evidence of small firm effects does not imply that
labor markets are competitive or that rents are negligible. Instead, firm effects are
small because productive firms tend to have good amenities, which pushes down
the wages that these firms have to pay. As a result of these compensating differentials, firms contribute much less to earnings inequality than what is predicted by the
variance of firm productivity only. Third, a key reason why better workers are sorting into better firms is production complementarities, not heterogeneous tastes for
workplace amenities. These complementarities are important to explain the significant inequality contribution from worker sorting. Fourth, the monopsonistic labor
market creates significant misallocation of workers to firms. We estimate that a tax
reform that would eliminate labor and tax wedges would increase total welfare by 5
percent and total output by 3 percent.
The insights from our paper contribute to a large and growing literature on firms
and labor market inequality, reviewed by Card et al. (2018). A number of studies
show that trends in wage dispersion closely track trends in productivity dispersion
across industries and workplaces (Faggio, Salvanes, and Van Reenen 2010; Dunne
et al. 2004; Barth et al. 2016). While this correlation might reflect that some of the
productivity differences across firms spill over to wages, it could also be driven by
changes in the degree to which workers of different quality sort into different firms
(see, e.g., Murphy and Topel 1990; Gibbons and Katz 1992; Abowd, Kramarz, and
Margolis 1999; Gibbons et al. 2005). To address the sorting issue, a growing body
of work has taken advantage of matched employer-employee data. Some studies
use this data to estimate the pass-through of changes in the value added of a firm
to the wages of its workers, while controlling for time-invariant firm and worker
heterogeneity.2 These studies typically report estimates of p ass-through rates in
the range of 0.05–0.20. We complement this work by providing evidence of the
pass-through rates for a broad set of firms in the United States with a variety of
empirical approaches, and by showing how the estimated p ass-through of firm and
market-level shocks can be used to draw inferences about imperfect competition,
rents, and allocative inefficiency.
Another set of studies use the matched employer-employee data to estimate the
additive worker and firm effects wage model proposed by Abowd, Kramarz, and
Margolis (1999).3 We complement this work by extending the Abowd, Kramarz, and
2
See, e.g., Guiso, Pistaferri, and Schivardi (2005); Card, Devicienti, and Maida (2014); Card et al. 2018;
Carlsson, Messina, and Skans (2016); Balke and Lamadon (2020); and Friedrich et al. (2019). A concern with this
approach is that measures of firm productivity may reflect a number of factors. Some studies have therefore examined the p ass-through of specific, observable changes. For example, Van Reenen (1996) studies how innovation
affects firms’ profit and workers’ wages. He also investigates patents as a source of variation, but finds them to be
weakly correlated with profits. Building on this insight, Kline et al. (2019) studies the incidence of patents that are
predicted to be valuable. See also their correction of the reported findings (Kline et al., 2021). A related literature
has examined the wage and productivity effects of adoption of new technology in firms (see Akerman, Gaarder, and
Mogstad 2015, and the references therein).
3
Song et al. (2019) and Sorkin (2018) provide estimates using the approach of Abowd, Kramarz, and Margolis
(1999) for the United States. A recent literature addresses the concern that estimates of firm effects will be biased
upward and estimates of worker sorting will be biased downward when using the approach of Abowd, Kramarz, and
Margolis (1999) due to limited worker mobility across firms. Our main estimates use the bias-correction approach
of Bonhomme, Lamadon, and Manresa (2019) while alternative b ias-correction approaches by Andrews et al.
(2008) and Kline, Saggio, and Sølvsten (2020) are considered in our online Appendix. See Bonhomme et al. (2020)
for a comparison of bias-correction procedures using data from several countries.
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Margolis (1999) model to allow for both fi
 rm-worker interactions and t ime-varying
firm effects, which enable us to economically interpret the firm effects in terms of
rents and compensating differentials, understand the sources of worker sorting, and
clarify the contribution of firm productivity shocks to earnings inequality.
Our paper also relates to a literature that tries to measure the role of compensating
differentials for wage-setting and earnings inequality. This literature is reviewed in
Taber and Vejlin (2020) and Sorkin (2018). Much of the existing evidence comes
from hedonic regressions of earnings on one or more observable nonwage characteristics of jobs, employers, or industries, interpreting the regression coefficients as the
market prices of those amenities. Typical estimates of these coefficients are small in
magnitude and sometimes of the wrong sign (see the discussion by Bonhomme and
Jolivet 2009). These estimates could be severely biased, either due to correlations
between observed amenities and unobserved firm characteristics or because of assortative matching (on unobservables) between workers and firms (see, e.g., the discussion by Ekeland, Heckman, and Nesheim 2004). Several recent studies have used
panel data in an attempt to address these concerns. Like us, Taber and Vejlin (2020),
Lavetti and Schmutte (2018), and Sorkin (2018) take advantage of matched longitudinal employer-employee data to allow for unobserved heterogeneity across firms.
Our paper differs from the existing literature on compensating differentials in
several ways. One important difference is that amenities, in our model, create both
vertical and horizontal employer differentiation. The latter generates imperfect competition, w
 age-setting power and rents; the former acts as standard compensating
differentials. By comparison, compensating differentials have typically been analyzed in models with perfect competition or search frictions (see, e.g., Mortensen
2003). Our paper also allows for e x ante worker heterogeneity in productivity and
preferences that generates sorting between firms and workers, in contrast to, for
example, Sorkin (2018). Our estimates suggest that worker heterogeneity and sorting are empirically important features of the US labor market which are necessary
to take into account to understand the determinants of earnings inequality. By taking
our model to the data, we are able to quantify the relative importance of amenities
versus production complementarities for worker sorting and earnings inequality.
Lastly, our paper differs in that we move beyond the impact of amenities on wages
and worker sorting, examining also the implications for tax policy and allocative
efficiency. In our model, wages are taxed but amenities are not. Thus, progressive
taxation on labor income may distort the worker’s decision of which firm and market to work in. We analyze, theoretically and empirically, the consequences of this
distortion and how changes in the tax system may help improve the allocation of
workers to firms.4

4
Tax theory in the Mirrlees (1971) tradition generally assumes that labor markets are perfectly competitive. A
notable exception is Cahuc and Laroque (2014) who develop a model for optimal taxation under monopsonistic
markets. See also Powell and Shan (2012) and Powell (2012) who argue that marginal tax rates distort the relative
value of amenities to wages. There is also a literature that considers tax design in situations with search frictions.
See Yazici and Sleet (2017) and the references therein.
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I. Model of the Labor Market

This section develops an equilibrium model of the labor market. We begin by
describing the primitives of the model, including the heterogeneous preferences and
productivity of the workers and the heterogeneous technology and nonwage characteristics of the firms. Once the primitives are described, we define the environment,
derive the labor supply and demand functions, and show that there exists a unique
equilibrium. Next, we discuss the sorting of workers to firms, before deriving the key
structural equations to be taken to the data. Lastly, we show the mapping between
these equations and the key economic quantities of interest, including rents, compensating differentials, and sources of allocative inefficiency.
A. Agents, Preferences, and Technology
The economy is composed of a large number of workers indexed by iand a
large set of firms indexed by j = 1, …, J. Each firm belongs to a market r( j). Let
Jrdenote the set of firms in market r. We will rely on the approximation that firms
employ many workers and that each market has many firms. For tractability, we
assume that workers, firms and markets face exogenous birth-death processes that
ensure stationarity in the productivity distributions of workers, firms and markets.
Worker Productivity and Preferences.—Workers are heterogeneous both in preferences and productivity. Workers are characterized by a permanent skill level Xi. In
period t, worker iwith skill Xihas the following preferences over alternative firms j
and earnings W
 :
	
uit( j, W)  = log τ W  λ  + log Gj(Xi) + β  −1 ϵijt,
where Gj(X)denotes the value that workers of quality Xare expected to get from
the amenities that firm joffers, and ϵ i jtdenotes worker i’s idiosyncratic taste for the
amenities of firm j . The parameters ( τ, λ)describe the tax function that maps wages
to income available for consumption. Section IVC shows that this parsimonious tax
function well approximates the US tax system.
This specification of preferences allows for the possibility that workers view
firms as imperfect substitutes. Fixing worker quality X
 , the preference term G
 j( X)
gives rise to vertical employer differentiation: some employers offer good amenities
while other employers have bad amenities. Our preference specification combines
this vertical differentiation with horizontal employer differentiation: workers are
heterogeneous in their preferences over the same firm. This horizontal differentiation has two distinct sources. The first is that G
 j( X)varies freely across values of
X. Thus, we permit systematic heterogeneity in the preferences for a given firm
depending on the permanent component of worker productivity. The second is the
 . The importance of this second source of horiidiosyncratic taste component β  −1 ϵijt
 
zontal differentiation is governed by the parameter β
 . As βbecomes smaller, β
   −1 ϵijt
becomes more dispersed and thus horizontal differentiation becomes more important in determining the worker’s preferred firm.
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We assume that ( ϵi1t
 , …, ϵiJt
 )  ≡  →
ϵ  it  ∼ Ξ(→
  ϵ   |→
   ϵ  it−1, Xi)follows a Markov process
with independent innovations across individuals. This assumption does not imply
strong restrictions on the copula of workers’ skills and preferences over time (and,
by extension, the patterns of mobility across firms by worker quality). We assume,
however, that the (cross-sectional) distribution of →
 ϵ  ithas a nested logit structure in
each period:

[

ρr

) ]

ϵ 
_
  ϵ  it)   = exp − ∑     ∑ e   −  ρ     .
	
F(→

r

(j∈Jr

ijt
r

This structure allows the preferences of a given worker to be correlated across
alternatives within each nest. In the empirical analysis, we specify the nest as the
combination of industry and region, and refer to it as a market. The parameter ρ
 r
measures the degree of independence
in
a
worker’s
taste
for
the
alternative
firms
____________
− corr(ϵi jt, ϵi j′ t)   if r( j)  = r( j′ ) = r. Thus, ρr   = 0
within market r ; i.e., ρr   = √1  
if each worker views firms within the same market as perfect substitutes, while
ρr  = 1if the worker views these firms as completely independent alternatives.
Firm Productivity and Technology.—We let firms differ not only in workplace
amenities but also in terms of productivity and technology. We start by introducing
the total efficiency units of labor at the firm:
	
Ljt  = ∫  X  θj · Djt( X)  dX,

where X
   θj tells us the efficiency of a worker of quality Xin firm j. The component
Djt( X)is the mass of workers with productivity Xdemanded by the firm.
The value added (revenues minus expenditure on intermediate inputs) Yjt generated by firm jin period tis determined by the production function
αr( j)
,
	
Yjt  = Ajt L  1−
jt 

where Ajtis the firm’s total factor productivity (TFP) and 1 − αr( j)is the firm’s
returns to scale. The returns to scale depends on the total efficiency units of labor
(reflecting both the quality and quantity of labor), and we let it vary freely across
markets to allow for differences in technology. Our specification of the value-added
production function abstracts from capital, or equivalently, assumes that capital can
be rented at some fixed price. However, the specification does not require the product market to be competitive. As shown in online Appendix A.6, it is possible to
derive the same specification of the value-added production function (and, by extension, labor demand) if firms have p rice-setting power in the product market.
It is useful to express the productivity component Ajt as
–
–
–
	
Ajt  = A r( j)t Ã  jt   =  P r( j) Z r( j)t P̃ j Z̃ jt,

where A r( j)t, P r( j), and Z r( j)trepresent the overall, the permanent, and the
time-varying components of productivity that are shared by all firms in market r ; while
Ã  jt, P̃ j, and Z̃ jtdenote the overall, the permanent, and the time-varying components
–

–

–
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that are specific to firm j . Let Wjt (X)denote the wage that firm j offers to workers of
quality X
 in period tand Bjt  = ∫  Wjt (X) Djt (X)  dXdenote the wage bill of the firm,
i.e., the total sum of wages paid to its workers. The profit of the firm is then given by
Πj t  = Yjt  − Bjt.
B. Information, Wages, and Equilibrium
We consider an environment where all labor is hired in a spot market and ϵijt is
private information to the worker. Hence, the wage may depend on the worker’s attributes X, but not her value of ϵijt. Given the set of offered wages 𝐖t  = {Wjt (X)}j=1,…,J
by all firms, worker ichooses a firm jto maximize her utility u itin each period:
  uit(j, Wjt(Xi)).
(1)	
j( i, t) ≡ arg max
j

We introduce a wage index at the level of the market rdefined by

(j′∈Jr

(2)	
Irt( X)  ≡    ∑  (τ 

 Gj′ (X) 

1/λ

)

λβ
 _ 

ρ
 _r 
λβ

 Wj′t(X))     ,
ρr

1/λ

from which we can derive the probability that an individual of type Xchooses to
work at firm jgiven all offered wages in the economy:
λβ
_
   

ρ 
Ir(j)t (X)  λβ
Wjt (X) ( )
1/λ
1/λ _
________
    .
	Pr[ j(i, t)  = j | Xi  = X, 𝐖t]  =     
   τ   Gj (X)    
Ir(j)t(X))
∑r′ I
  r′t (X)  λβ(
r j 

We consider an equilibrium where the firm views itself as infinitesimal within the
 and the stationary c ross-sectional
market.5 Thus, given the total mass of workers N
distributions of X, M(X), employer jconsiders the following firm-specific labor supply curve when setting wages Wjt( X):
I  (X)  λβ

r(j)t
W    
	
Sjt(X, W)  ≡ NM(X)  ________
   τ   1/λ Gj (X)  1/λ  _
λβ

∑r′   Ir′t (X)  (

Ir(j)t(X))

λβ
 _ 

ρr(j)

.

This means the firm ignores the negligible effect of changing its own wages on the
 jt (X) by
market-level wage index Irt(X). Then each firm chooses labor demand D
 to maximize profits subject to labor
setting wages W
 jt( X)for each type of worker X
supply S jt( X, W):
1−αr(j)

(3)	
Πjt  =   max  Ajt  (∫   X   Djt (X)  dX) 
{Wjt (X)}X

θj

 − ∫  Wjt (X) Djt (X)  dX,

subject to
	
Djt( X) = Sjt(X, Wjt( X))   for all t, j, X.
5
See Berger, Herkenhoff, and Mongey (2019) for an analysis of strategic interactions in the firms’ wage setting.
See also Jarosch, Nimczik, and Sorkin (2019), who develop a search framework with large firms. However, identification is difficult in models with strategic behavior in the wage setting.
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From this environment, the definition of equilibrium naturally follows.
(j), Ajt , θj}
 j,t
 , worker distributions
DEFINITION 1: Given firm characteristics {
 αr
N, M( · ), preference parameters ( β, ρr, Gj( · )), and tax parameters ( λ, τ); we define
the equilibrium as the worker decisions j( i, t), market-level wage indices Irt (X),
firm-specific labor supply curves S jt( X, W), wages Wjt( X), and labor demand Djt ( X)
such that:
(i) Workers choose firms that maximize their utility, as defined in equation (1).

 jt(X) for each worker
(ii) Firms choose labor demand D
 jt(X) by setting wages W
quality X
 to maximize profits subject to the labor supply constraint Sjt(X, W),
as described in equation (3).

(iii) The market-level wage indices Irt(X)are generated from the workers’ optimal
decisions j( i, t), as described in equation (2).
In Lemma 2 in online Appendix A.1, we show the uniqueness of the equilibrium
that proves useful in the estimation of the model and is needed for the counterfactual
analyses.
C. Sorting in Equilibrium

To understand how workers may sort in our model, it is important to note that
we do not restrict the relationship between amenities Gj(X), permanent productiv–
ity components ( P r(j), P̃ j), and technology (θj, αr(j)) . As a result, our model permits
multiple sources of systematic sorting of worker quality and firm productivity in
equilibrium.
One source of sorting is that we allow workers of different quality Xto be differentially productive across different firms j. For example, if more productive firms
have greater θin the production function, the marginal product of high quality workers is relatively high at more productive firms, so that worker quality and firm productivity are strong complements in production (i.e., strict log supermodularity, as
in Shimer and Smith 2000 and Eeckhout and Kircher 2011). Empirically, we will
find evidence that more productive firms have greater θ and, therefore, conclude that
worker quality is strongly complementary with firm productivity. Thus, firms with
high productivity offer relatively high (log) wages to workers with high X
 , which
contributes to a disproportionate employment of high ability workers in productive
firms.
A second source of systematic worker sorting is captured by the amenity term
Gj( X)in the preference specification. This specification allows the valuation of
the amenities of a given firm to vary freely across worker quality X
 , and it allows
the valuation of amenities for a given worker quality X
 to vary freely across firms.
Empirically, we will find that productive firms tend to have better amenities, and
that high ability workers tend to value amenities more than low ability workers. This
contributes to a disproportionate employment of high quality workers in productive
firms.
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When assessing the sorting patterns, it is important to observe that our model
does not imply that the most productive firms (either in terms of A
 or θ ) hire all
workers (in total or of a given quality X
 ) in the economy. One reason for this is we
find that the labor supply curve is u pward sloping (β < ∞), so the marginal cost
of labor is increasing in the number of workers. Another reason is that we find that
firms face diminishing returns to scale in labor (1 − αr  < 1), which implies that
the marginal product of labor is decreasing in the number of workers.
D. Structural Equations
As shown in Proposition 1 in online Appendix A.1, our model delivers the following structural equations for (log of) wages, value added, and wage bill of firm
j ∈ Jr:

1
1
a–+  _
  
 ã ,
(4)	
wj( x, a–, a ̃) = θj  x + cr  − αr hj  +  _
1 + αr  λβ
1 + αr  λβ / ρr
1 + λβ / ρr
1 + λβ
(5)	
yj( a–, ã ) = (1 − αr) hj  +  _a–+  _
  
  
 ã ,
1 + αr  λβ
1 + αr  λβ / ρr
1 + λβ / ρr
1 + λβ
(6)	
bj( a–, ã ) = cr  + (1 − αr) hj  +  _a–+  _
  
  
 ã ;
1 + αr  λβ
1 + αr  λβ / ρr

where we use lower case letters to denote logs (e.g., 
x ≡ log (X)), cris a
market-specific constant that is equal to log((1 − αr)λβ / ρr ) / (1 + λβ / ρr), and hj is
the solution to a fixed point equation. As shown in Lemma 3 in online Appendix A.1,
hjdepends on the firm’s amenity terms but does not depend on ã  or a–. These equations describe how the potential outcomes of workers and firms are determined; that
is, they tell us the realizations of w
 j( x), yj, and b jthat would have been experienced
had worker productivity x, firm TFP a ̃ , and market TFP a–been exogenously set.
The equations in (4)–(6) show that wj( x, a–, ã ), yj( a–, ã ), and bj( a–, ã )depend on the
same three components: the component of productivity that is specific to the firm
ã , the component of productivity that is common to firms in the same market a–,
and an amenity component h j. In addition, wj( x, a–, ã )depends on the worker’s own
productivity x. Moreover, workers with the same xwho work in different firms can
be paid differentially depending on the fi
 rm-specific parameter θ j. As expected, if a
firm jbecomes more productive (ã  or a– increases) then yj( a–, ã )increases. Because
firm jhas become more productive, it will demand more labor, raising wj( x, a–, ã ) and
bj( a–, ã ).
Combining equations (4)–(6), we obtain a structural equation for the log efficiency units of labor of firm j ∈ Jr:
λβ / ρr
λβ
(7)	
ℓj ( a–, ã ) = hj  +  _a– +  _
  
 ã ,
1 + αr  λβ
1 + αr  λβ / ρr
where h j (see definition in Lemma 3 in online Appendix A.1) can be interpreted as
the efficiency units of labor the firm would have if ã  and a– were exogenously set
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to zero. The key component of hjis the vertical differentiation of firms due to the
amenities. All else equal, better amenities raise the size of the firm, thus increasing
its wage bill and value added. Furthermore, h jalso reflects worker composition,
which depends both on the horizontal amenity differentiation of firms, as captured by
Gj( X); and on the complementarity in production, as captured by θ j .
Another important feature of the structural equations (4)–(6) is that they are additive in the arguments θj  x, hj, a–, and a ̃ . This additivity is useful for several reasons.
First, it makes it straightforward to quantify the relative importance of the determinants of worker and firm outcomes. Second, it forges a direct link between the
structural log wage equation and the log-additive fixed effect models discussed in
Section IVD. This link will help interpret the sources of variation in log earnings
through the lens of the model. Third, it facilitates identification of the parameters of
the model, as shown in Section III.
E. Rents, Compensating Differentials, and Allocative Inefficiencies
We conclude the presentation of the model by showing the mapping between the
structural equations and the key economic quantities of interest, including rents,
compensating differentials, and sources of allocative inefficiency.
Worker Rents.—In our model, rents are due to the idiosyncratic taste component
ϵijtthat gives rise to horizontal differentiation of firms, upward sloping labor supply curves, and employer wage-setting power. We assume that employers do not
observe the idiosyncratic taste for amenities of any given worker. This information
asymmetry implies that firms cannot p rice discriminate with respect to workers’
reservation wages. As a result, the equilibrium allocation of workers to firms creates
surpluses or rents for inframarginal workers, defined as the excess return over that
required to change a decision, as in Rosen (1986). In our model, worker rents may
exist at both the firm and the market level.
RESULT 1: We define the firm-level rents of worker i , R  wit  , as the surplus she derives
from being inframarginal at her current choice of firm. Given her equilibrium choice
j(i, t), R  wit  is implicitly defined by
 (Xi)).
	
uit( j(i, t), Wj(i,t),t( Xi) − R  wit  )  =   max uit( j′, Wj′,t
j′≠j(i,t)

As shown in Lemma 4 in online Appendix A.2, expected worker rents at the firm level
are
1
  
   E W (X)  | j(i, t)  = j].
	
E[ R  wit    | j(i, t)  = j]  =  _
1 + λβ/ρr(j) [ jt i

RESULT 2: We define the market-level rents of worker i, R  wm
it  ,as the surplus
derived from being inframarginal at her current choice of market. Given her equilibrium choice of market r( j(i, t)) , R  wm
it  is implicitly defined by
	
uit( j(i, t), Wj(i,t),t(Xi) − R  wm
it  )  =  

max  uit(j′, Wj′,t
 (Xi)).

j′|r(j′)≠r(j(i,t))
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As shown in Lemma 4 in online Appendix A.2, expected worker rents at the market
level are
1   E W (X)  |  j(i, t)  = j .
_
	
E[ R  wm
it    |  j(i, t)  = j]  =  
]
1 + λβ [ jt i
Market-level rents exceed firm-level rents whenever the next best firm is in the same
market as the current choice of firm. If the preferences of a given worker are independent across firms within each market, then the next best firm will almost surely
be in a different market. If, on the other hand, these preferences are correlated then
there could well exist other firms within the same market that are close substitutes
to the current firm. The next best firm may then be in the same market as the current
w
choice of firm, in which case R
   wm
it  will exceed R  it  .
To interpret the measure of firm-level rents and link it to compensating differentials, it is useful to express R  wit  in terms of reservation wages. The worker’s reservation wage for her current choice of firm is defined as the lowest wage at which she
would be willing to continue working in this firm. Substituting preferences into the
above definition of R
   wit  for a worker whose current firm is jand next best option is
j′, it follows that
 −   
log(W
  
  
R  wit  ) = log 
  
Wj(i,t),t(X  
  
  
Wj′ (i,t),t(Xi) 
 
l  
og Wj(i,t),t( X  
i)
j( i,t),t(Xi) − 
i)− log 


current wage







current wage
wage at best outside option
1
1/λ
_
ϵij(i,t)t
	
+ log 
  
G
  
  j(i,t)  Xi  e    λβ  

reservation wage

( )



current amenities
1/λ
_
  1 ϵij′ (i,t)t
−  log 
G  j′ (i,t 
  
  
 .
) Xi  e  λβ

( )



amenities at best outside option

The average worker choosing firm jmay be far from the margin of indifference and
would maintain the same choice even if her current firm offered significantly lower
wages.
Compensating Differentials.—By definition, marginal workers are indifferent
between the current choice of firm and the next best option. They earn no rents
as their reservation wages equal the actual wages paid by their current firms. The
equilibrium allocation of workers to firms is such that utility gains (or losses) of
marginal workers due to the amenities of their firms are exactly offset by wage
differentials. Thus, wage differentials across firms for the same worker define the
equalizing or compensating differentials.
RESULT 3: Consider worker iof type Xwhose current firm is jand best outside
option is j ′ and who is marginal at the current firm (that is, R  wit    = 0). The compensating differential between jand j′ for a worker of type Xis then defined as

 (X)  − log Wjt (X) 
	
CDjj′t( X) = uit(j′, Wjt (X)) − uit(j, Wjt(X))  = log Wj′t
   − ψjt,
= (θj′  − θj)x + ψj′t
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where the second equality becomes the fact that worker i is marginal, and the last
equality follows from equation (4) and defining the firm effect ψ
 j tas
1
1
 a–   +  _
  
  ã  .
(8)	
ψjt  ≡ cr  − αr hj  +  _
1 + αr  λβ r( j),t 1 + αr  λβ / ρr jt

For any two firms jand j′, there exists a distribution of compensating differentials.
This distribution arises because of differences in technology across firms that interact with the distribution of worker types X. If θ jdoes not vary across firms, there is
only one compensating differential per employer, ψjt, which is paid to all workers
independent of their productivity.
Employer Rents.—The equilibrium allocation of workers to firms may also create
surpluses or rents for employers. The employer rents arise because of the additional
profit the firm can extract by taking advantage of its w
 age-setting power. To measure
employer rents, we therefore compare the profit Πjtthe firm actually earns to what it
would have earned if the employer solved the firm’s problem under the assumption
that the labor supply it faced was perfectly elastic. In other words, wages, profits,
 X)solves the firm’s profit maximization given
and employment are such that D
   pt
jt  (
pt
W  jt  ( X):
1−αr
(j)

	
Π  pt
 Ajt (∫  X  θj · D  pt
jt    =   max
jt  (X)  dX) 
pt
{D  jt  (X)}X

pt
  − ∫  D  pt
jt  (X) · W  jt  (X)  dX.

The only difference in the firm’s problem in this counterfactual environment is that
the firm does not take into account its w
 age-setting power through the u pward-sloping
labor supply curve. In other words, the firm behaves as if it faces a perfectly elastic
labor supply curve, i.e., as if it was a “price taker”; thus the superscript pt. Similarly,
 X), D  ptm
 X), and Π
   ptm
we define W  ptm
jt  (
jt  (
jt  as the equilibrium outcome when all firms in
a market act as price takers.
RESULT 4: We define the employer rents at the firm level R  fjt and at the market level
R  fm
jt  as the additional profit that firm jin market rderives by taking advantage of its
wage-setting power:
(1−αr)λβ
_

−  ρ+αλβ 
 r(ρr  + λβ) _
α
λβ
_
−        
  
) Πjt ,
ρr  + αr  λβ ( ρr  + λβ )

	
R  fjt  = Πjt  

− Π  𝑝𝑡
jt   = 
(1

	
R  fm
Πjt  
jt   = 

− Π  𝑝𝑡𝑚
jt   = 
(1

r

r

(1−αr)λβ
_

−  1+αλβ 
 (ρ  + λβ)
α
) Πjt ;
ρr  + αr  λβ ( ρr  + λβ )

λβ
r r
−  _
     _
 
  

r

where the latter equality in each equation is shown in Lemmas 5 and 6 in online
Appendix A.3.
To understand how and why employer rents may differ at the firm and the market
level, recall that ρ
 rmeasures the degree of independence in a worker’s taste for the
alternative firms within market r. If ρr  = 1, the worker views these firms as completely independent alternatives, and the rents at the firm level equal the rents at the
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market level. In contrast, if ρr  = 0then each worker views firms within the same
market as perfect substitutes. In this case, firms do not get any rents from imperfect
competition at either the firm or the market level. For values of ρ
 between zero and
one, the rents at the market level will strictly exceed the rents at the firm level.
It is important to observe that R  fjt and R  fm
jt  do not necessarily represent ex ante
rents. Suppose, for example, that each employer initially chooses the amenities
offered to the workers by deciding on the firm’s location, the working conditions,
or both. Next, the employers compete with one another for the workers who have
heterogeneous preferences over the chosen amenities. These heterogeneous preferences give rise to wage-setting power which employers can use to extract additional profits or rents. Of course, the existence of such ex post rents could simply be
returns to costly choices of amenities.
Empirically, it is difficult to credibly distinguish between e x ante and e x post
employer rents. It would require information (or assumptions) about how firms
choose and pay for the amenities offered to workers. Given our data, we are severely
limited in the ability to distinguish between ex ante and e x post rents. Instead, we
assume firms are endowed with a fixed set of amenities, or, more precisely, we
restrict amenities to be fixed over the estimation window. It is important to note
what is not restricted under this assumption. First, it does not restrict whether or how
 r( j), θjor the productivity comamenities G
 j( X)relate to the technology parameters α
–
ponents P
 ̃ j, P r(j). Second, it neither imposes nor precludes that employers initially
choose amenities to maximize profits. Indeed, it is straightforward to show that permitting firms to initially choose amenities would not affect any of our estimates. Nor
   fm
would it matter for the interpretation of any result other than whether R
   fjt and R
jt  
should be viewed as ex ante or ex post rents.
Wedges and Allocative Inefficiencies.—We conclude the model section by investigating the questions of whether and in what situations the equilibrium allocation
of workers to firms will be inefficient. We present here the key results, and refer to
online Appendix A.4 for details and derivations. To draw conclusions about allocative inefficiencies, we compare the allocation and outcomes in the monopsonistic
labor market to those that would arise in a competitive (Walrasian) labor market. By
a competitive market, we mean that there are no taxes (λ = τ = 1)and that all
firms act as price takers, as if they faced perfectly elastic labor supply curves. This
comparison allows us to draw inferences about allocative inefficiencies within and
between markets.
Within each market, there is a tax wedge that arises because λ < 1. It is the
only source of allocative inefficiency at this level, distorting the worker’s ranking of
firms in favor of those with better amenities. As λdecreases and thereby the wage
tax becomes more progressive, amenities become more valuable relative to (pretax)
wages. Thus, with progressive taxation, firms with better amenities can hire workers
at relatively low wages, and, therefore, get too many workers as compared to the
allocation in the competitive labor market. Between markets, allocative inefficiencies may arise not only because of the tax wedge but also due to differences in labor
wedges across markets, where the labor wedge is the ratio of the marginal revenue
product of labor to the wage. To understand the latter source of inefficiencies, consider the special case when λ = 1, β > 0, and ρris nonzero but the same across all
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markets. In this case, taxes are proportional but there are still labor wedges and rents
in the economy. However, the labor wedges will be the same across all markets. As
a consequence, the monopsonistic market allocation of workers to firms is identical
to the allocation one would obtain in the competitive equilibrium. A corollary of
this result is that tax wedges are the only source of allocative inefficiencies if one
assumes a standard logit structure on the distribution of →
 ϵ  it (as in, for example, Card
et al. 2018).
With the nested logit structure on the distribution of →
  ϵ  it, allocative inefficiencies
across markets may arise because ρ
 rcan vary across markets, implying that workers
may view firms as closer substitutes in some markets than others. This will create
differences across markets in the wage-setting power of firms, and so in their abilities to mark down wages. Markets facing an elastic labor supply curve (i.e., low
value of ρr) will have relatively high wages and, as a result, attract too many workers
compared to the allocation in the competitive equilibrium. Progressive taxation will
amplify any differences in ρ
 racross markets, leading to an even larger misallocation
of workers to firms.
To improve the allocation of workers to firms, the government can change the
tax system in two ways. First, a less progressive tax system (i.e., increase λ) may
reduce the misallocation that arises from the tax wedge. Second, letting τ vary across
markets may improve the allocation of workers by counteracting differences in the
wage-setting power of firms. For example, τ could vary across markets (defined as
the combination of geographical area and industry) due to state income taxes or
because of subsidies to certain industries or regions.6 After estimating the parameters of the model, we perform, in Section V, counterfactual analyses that quantify the
impacts of such tax reforms on the equilibrium allocation and outcomes, including
earnings, output and welfare. In interpreting these results, it is important to note
that we assume firms initially choose amenities Gj( X), but do not change Gj( X) in
response to counterfactuals. With better data on, and an instrument for, amenities, it
would be interesting to extend this analysis to allow for firms to adjust amenities in
response to these counterfactuals.
II. Data Sources and Sample Selection

A. Data Sources
Our empirical analyses are based on a matched e mployer-employee panel dataset with information on the characteristics and outcomes of US workers and firms.
This data is constructed by linking US Treasury business tax filings (IRS 2021a)
with worker-level filings (IRS 2021b) for the years 2 001–2015. Below, we briefly
describe data sources, sample selection, and key variables; while details about
data construction and the definition of each of the variables are given in online
Appendix B.
6
Income taxes vary considerably across geographic regions. For example, the 2015 state income tax rates
were 0 percent in Florida and Texas, between 3 and 4 percent in Illinois and Pennsylvania, and above 5 percent in
Massachusetts and North Carolina (Tax Foundation 2015). Moreover, the US Empowerment Zone Program provides a 20 percent wage subsidy (up to a cap) to firms located in a designated disadvantaged location (IRS 2004).
Furthermore, minimum wages vary considerably across regions.
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Business tax returns include balance sheets and other information from forms
1120 (C-corporations), 1120S (S-corporations), and 1065 (partnerships). The key
variables that we draw on from the business tax filings are the firm’s employer
identification number (EIN) and its value added, commuting zone, and industry
code. Value added is the difference between receipts and the cost of goods sold.
Commuting zone is constructed using the ZIP code of the firm’s business filing
address. Industry is defined as the first two digits of the firm’s North American
Industry Classification System (NAICS) code. In our baseline specification, we
define a market as the combination of an industry and a commuting zone, with
alternative market definitions provided in sensitivity checks. We will occasionally
aggregate these markets into “broad markets” according to the combination of census regions (Midwest, Northeast, South, and West) and broad sectors (goods and
services).
Earnings data are based on taxable remuneration for labor services reported
on form W-2 for direct employees and on form 1099 for independent contractors.
Earnings include wages and salaries, bonuses, tips, exercised stock options, and
other sources of income deemed taxable by the Internal Revenue Service. These
forms are filed by the firm on behalf of the worker and provide the firm-worker link.
All monetary variables are expressed in 2015 dollars, adjusting for inflation using
the consumer price index (Federal Reserve Board of St Louis, 2021).
B. Sample Selection
In each year, we start with all individuals aged 2 5–60 who are linked to at least
one employer. Next, we define the worker’s firm as the EIN that pays her the greatest direct (W-2) earnings in that year. This definition of a firm conforms to previous
research using the US business tax records (see, e.g., Song et al. 2019). The EIN
defines a corporate unit for tax and accounting purposes. It is a more aggregated
concept than an establishment, which is the level of analysis considered in recent
research on US census data (see, e.g., Barth et al. 2016), but a less aggregated concept than a parent corporation. As a robustness check, we investigate the sensitivity
of the estimated firm wage premiums to restricting the sample to EINs that appear
to have a single primary establishment. These are EINs for which the majority of
workers live in the same commuting zone. It is reassuring to find that the estimated
firm wage premiums do not materially change when we use this restricted sample.
Since we do not observe hours worked or a direct measure of f ull-time employment, we follow the literature by including only workers for whom annual earnings are above a minimum threshold (see, e.g., Song et al. 2019). In the baseline
specification, this threshold is equal to $15,000 per year (in 2015 dollars), which is
approximately what people would earn if they worked full-time at the federal minimum wage. As a robustness check presented in our online Appendix, we investigate
the sensitivity of our results to other choices of a minimum earnings threshold. We
further restrict the sample to firms with n onmissing value added, commuting zone,
and industry. The full sample includes 447.5 (39.2) million annual observations on
89.6 (6.5) million unique workers (firms).
In parts of the analysis, we consider two distinct subsamples. The first subsample,
which we refer to as the stayers sample, restricts the full sample to workers observed
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with the same employer for eight consecutive years. This restriction is needed to allow
for a flexible specification of how the worker’s earnings evolve over time. Specifically,
we omit the first and last years of these spells (to avoid concerns over workers exiting
and entering employment during the year, confounding the measure of annual earnings) and analyze the remaining s ix-year spells. Furthermore, the stayers sample is
restricted to employers that do not change commuting zone or industry during those
eight years. Lastly, we restrict the stayers sample to firms with at least ten such stayers
and markets with at least ten such firms, which helps to ensure sufficient sample size
to perform the analyses at both the firm and the market levels. The stayers sample
includes 35.1 (6.5) million spells on 10.3 (1.5) million unique workers (firms).
The second subsample, which we refer to as the movers sample, restricts the full
sample to workers observed at multiple firms.7 That is, it is not the same EIN that
pays the worker the greatest direct (W-2) earnings in all years. Following previous work, we also restrict the movers sample to firms with multiple movers. This
restriction might help reduce limited mobility bias and makes it easier to compare
the estimates of firm effects across methods (as the approach of Kline, Saggio, and
Sølvsten 2020 requires at least two movers per firm).8 The movers sample includes
32.1 (3.6) million unique workers (firms).
Online Appendix Table A.1 compares the size of the baseline, the stayers, and the
movers samples. Detailed summary statistics of these samples of linked firms and
workers are given in online Appendix Table A.2. The samples are broadly similar,
both in the distribution of earnings but also in firm-level variables such as value
added, wage bill, size, and the distribution across regions and sectors. The most
noticeable differences are that the stayers have, on average, somewhat higher earnings and tend to work in firms with higher value added.
III. Identification

We now describe how to take our model to the data, providing a formal identification argument while summarizing, in Table 1, the parameters needed to recover
a given quantity of interest and the moments used to identify these parameters. Our
results reveal that many of these quantities do not require knowledge of all the structural parameters. Thus, some of our findings may be considered more reliable than
others.
A. Rents of Workers and Employers
It follows from Results 1, 2, and 4 that the expected rents of workers and employers depend on the parameters (β, ρr, αr)and the data ( Yit, Wit , jit, rit ). Our identification argument therefore proceeds by showing how these parameters can be
identified from the panel data on workers and firms. However, before we present
the formal identification argument, it is useful to consider what one can and cannot
7
Note that, since workers outside the movers sample are not necessarily stayers for eight consecutive years
(e.g., due to a year in which earnings at the primary employer are below the full-time equivalence threshold, or
aging in or out of the sample), the stayers sample is a subset of the nonmovers sample.
8
See our online Appendix for such a comparison and an analysis of limited mobility bias.
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Table 1—Quantities of Interest, Model Parameters, and Targeted Moments
Unique
parameters

Mean
estimate

β

1

4.99

Taste correlation parameter

ρr

Market
pass-through

8

0.70

Returns to scale parameter

αr

Net
pass-through

8

0.21

Labor share

Unique
parameters

Var.
estimate

10,669,602

0.02

Name
Panel A. Rents and scale
Idiosyncratic taste parameter

Name
Panel B. Firm and worker heterogeneity
Time-varying firm premium
Firm-specific technology parameter
Worker quality

ψjt 
θj
x i

10

0.04

61,670,459

0.31

h j
ã jt

1,953,915

0.14

Time-varying firm-specific TFP

10,669,602

0.14

Time-varying market-specific TFP

a–rt

111,829

0.12

Unique
parameters

Var.
estimate

6,974,519

0.20

Amenity efficiency units at neutral TFP

Name
Panel C. Model counterfactuals
Preferences for amenities for:
Firm j for workers of quality X

gj(X)

Moments of the data
E[∆y rt(w rt+e − w rt−e′)|Si= 1]
_________________
   
   
–

–

E[∆y  (w 

−w 

) | S = 1, r( j) = r]

̃jt ̃ it+e ̃ it−e′ i
_____________________
     
E[∆ỹ jt (ỹ jt+e
  − ỹ jt−e′) | Si= 1, r( j) = r]

E[b j(i,t) − yj(i,t)
   | r( j) = r]

Moments of the data
ρ
Structural E[wit  − ____
  1 +1λβ  y–r,t − _____
  ρ  +rλβ ỹ j,t | r( j) = r]
r
wage equation

Wage changes
around moves
Total labor
input and
time-varying
firm premium

 it+1
  | j → j′] − E[w
 it  | j′ → j]
E[w
E[wit  | j′ → j] − E[wit+1  | j → j′ ]
ℓjt  = log ∑  Xθij and 
ψjt 

Moments of the data
Firm size
Firm
composition
Market
composition

Market r for workers of quality X

–

E[∆y–rt(y–rt+e − y–rt−e′)|Si= 1]

Pr[ j]

Pr[x | k( j) = k]
Pr[x | r( j) = r]

Note: This table displays the model parameters and the moments targeted in their estimation.

identify directly from an ideal experiment. This consideration clarifies the necessary
assumptions even with an ideal experiment and the additional ones needed in the
absence of such an experiment.
Ideal Experiment.—To see how one may recover ( β, ρr, αr) , consider the structural equations (4) and (5) that express wages wj(x, a–, ã )and value added yj(a–, ã )
as functions of model primitives Γ = (p– r, p̃ j, gj(x), xi)and potential firm and market-level productivity outcomes (a–, ã ). Suppose we were able to independently and
exogenously change a ̃ , the component of productivity that is specific to a firm, and
a–, the component of productivity that is common to all firms in a market. As evident
from equations (4) and (5), exogenous changes in ã  and a– affect both the wages a
firm offers to its workers of a given quality, wj( x, a–, ã ), and the firm’s value added,
yj( a–, ã ). We can express the ratio of these effects as
∂ w(x, a–, ã ) ∂ y(a–, ã )
∂ ã 
∂ ã 

−1

∂ w(x, a–, ã ) ∂ y(a–, ã )
∂  a¯
∂  a¯

−1

j
j
1
_
  (______
 
 
  ≡ γr,
	 ________
)   =  

1 + λβ / ρr

j
j
1  ≡ ϒ;
_
  (______
 
 
	 ________
)   =  

1 + λβ
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where we refer to γr and ϒas the firm-level and market-level pass-through rates.
Since λ
 is a known (or pre-estimated) tax parameter, β
 and ρrcan be identified
from these two equations. In this ideal experiment, the p ass-through of value added
yj( a–, ã )to wages wj( x, a–, ã )of an a–induced change would identify β. Similarly, given
this parameter, the pass-through of y j( a–, ã )to wj( x, a–, ã )of an ã induced change
would identify ρ
 r. Importantly, in this framework, we only need to be able to induce
a change in productivity then observe how value added and wages change; we do not
need to observe productivity directly.
Next, equations (5) and (6) imply
λβ / ρr
 
  .
(9)	
E[yjt  − bjt  | j ∈ Jr] = − cr  = − log(1 − αr)  − log _
( 1 + λβ / ρ )
r

 is known,
Since E
 [ yjt  − bjt  | j ∈ Jr]can be estimated directly from the data, and λ
it follows that α
 ris identified given ( β, ρr ), which are in turn identified from ( γr, ϒ).
Thus, the key challenge for identifying (β, ρr , αr )is to identify ( γr, ϒ).
While it is not feasible to perform such an ideal experiment, it is possible to
achieve identification of ( β, ρr, αr) either by using the panel data to construct internal
instruments (i.e., instruments implied by model restrictions) or by finding external
instruments (instruments based on data other than or external to the data generating
process of our model). We now discuss identification with these two types of instruments in turn.
Difference-in-Difference Illustration of Internal Instruments.—Before presenting
the formal identification argument behind the internal instruments, we graphically
illustrate how such instruments can be constructed through d ifference-in-difference
(DiD) strategies.
Consider first how to recover the market-level pass-through rate, ϒ
 . Let y–rt denote
market-level average log value added and w– rtdenote market-level average log earnings for the sample of stayers in market r . Suppose for simplicity that workers can
be assigned to two groups of firms in year t: one half has Δ y–r(i)t  = + δ (treatment
group) and the other half has Δ
  y–r(i)t  = − δ (control group). Implicitly conditioning
Jr), we construct the followon stayers (Si  = 1) at firms in region r ( j(i, t)  = j ∈ 
ing estimand:
   − w– rt−e′
   | + δ]− E[w– rt+e
   − w– rt−e′
   | − δ]
E[w– rt+e
    
    
 ,
	 _______________________________
–
–
–
–
E[yrt+e  − yrt−e′  | + δ]− E[yrt+e  − yrt−e′  | − δ]
where e + tis a p ostperiod eyears after tand t − e′is a p reperiod e ′years before
t. The numerator is a DiD estimand for market-level changes in log earnings while
the denominator is DiD estimand for market-level changes in log value added. As
shown formally below, the ratio of these DiD estimands recover ϒ
 if amenities
are fixed over time (at least within the estimation window) and the measurement
error in value added, if any, is transitory. Under these assumptions, the observed
market-level changes in value added and log earnings (within firms and workers)
surrogate for the ideal experiment.
In Figure 1, we visualize and assess this DiD strategy at the market level. The
blue line in this figure is constructed as follows: in any given calendar year t , we (i)
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Figure 1. DiD Representation of the Estimation Procedure
Notes: This figure displays the mean differences in log value added (VA; solid lines) and log earnings (dashed
lines) between firms that receive an above-median versus below-median log value-added change at event time zero.
Results are presented for the measures of log value added and log earnings net of market interacted with year effects
(red lines) and for the averages of log value added and log earnings by market and year (blue lines). The shaded
area denotes the time periods during which the orthogonality condition need not hold in the identification of the
permanent p ass-through rate.

order markets according to the increase Δ y–rt; (ii) separate the firms at the median in
the w
 orker-weighted distribution of Δ y–rt, letting the upper half constitute the treatment markets and the lower half the control markets; and (iii) plot the differences
in y–rt+ebetween these two groups in period e = 0as well as in the years before
(e < 0) and after (e > 0). We perform these steps separately for various calendar
years, weighting each market by the number of workers. The solid (dashed) blue
line represents the difference in log value added (earnings) for the treatment and
control markets.
By construction, the treatment and control groups differ in the value-added growth
from period t − 1to period t. On average, markets in the treatment group experience
about 13 percentage points larger growth in value added as compared to markets in
the control group. Furthermore, we find a similar trend in both log value added and
log earnings between the treatment and control groups before e = − 2 and after
e = 2. In other words, markets that experienced large growth in value added and
earnings in period 0 are no more or less likely to experience growth in value added
or earnings in periods −6 to −3 or in periods 3 to 6. This observation of common
trends between the treatment and control groups at the market level supports our
assumption that the measurement error is transitory.
To recover the market-level pass-through rate γr, we apply the same logic as
above, taking the ratio of a DiD estimand for firm-level changes in log earnings
to a DiD estimand for firm-level changes in log value added. This ratio recovers
γrunder the same assumptions as above, except now applied to the firm level. To
visualize and assess this DiD strategy, consider the red lines of Figure 1. These lines
are constructed using firm-level deviations from market-level averages. We plot
 ̃ it  ≡ 
value-added deviations ỹ jt  ≡ yjt  − y–rt  (solid line) and earnings deviations w
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wit  − w– rt  (dashed line), splitting firms into the treatment and control groups at the
median in the distribution of Δ
  ỹ jtand weighting each firm by the number of workers. We find that firms that experienced large growth in value added in period 0 are
no more or less likely to experience growth in value added or earnings in periods −6
to −3 or in periods 3 to 6. This observation of common trends between the treatment
and control groups at the market level supports our assumption that the measurement error is transitory.
Formal Identification Using Internal Instruments.—We now turn to the formal
identification argument for the internal instruments to identify ( γr, ϒ). To this end,
we specify a process for the productivity shocks to firms. Suppose that firm productivity evolves as a unit root process at both the firm level and market level:9
(10)	
a ̃jt  = p ̃ j  + z ̃jt,  where  z̃ jt  = z̃ jt−1  + ũ jt;
z–rt  = z–rt−1  + u–rt.
(11)	a–rt  = p– r  + z–rt,  where  
To ensure relevance of the internal instrument, we first assume that productivity
shocks exist. Denoting the variance of u ̃ by σ  2ũ   and the variance of u–by σ  u2  ¯,  we
require the following.
ASSUMPTION 1: The variances of productivity shocks at the firm and market levels are strictly positive; i.e., σ
   2ũ    > 0and σ  u2  ¯    > 0.
We also allow for measurement error νj tin the observed value added
in the form of a transitory component with finite time dependence; i.e.,
yjt  = yj(a–r(j)t, ã jt)  + νjt. It is necessary to invoke some restrictions on the relationships between the primitives. Denoting the history of time-varying unobservables at
time tby Ωt  ≡ {ũ jt′ , u–rt′, ϵi jt′}i, j,r,t′≤t, we assume the following.
ASSUMPTION 2: The value-added measurement error νjt is (i) mean independent
 [νjt  | ΩT ]  = 0; and (ii) has finite time dependence, i.e., E
 [ νjt νjt′  | ΩT ] 
of Ω
 T , i.e, E
= 0if |t − t′ | ≥ 2.
We also allow for measurement errors vitin earnings; i.e., wit  = wj(i,t)(xi, a–r( j(i,t))t,
ã j(i,t)t) + vit . We then make the following assumption.
ASSUMPTION 3: The wage measurement error v itis mean independent of val , …, νjT
 , ΩT ]  = 0.
ue-added measurement error and ΩT ; i.e., E[ vit   | νj1
Under Assumptions 2 and 3, we derive in online Appendix C.1 the following moment
conditions that identify ( γr, ϒ):
(12)   E[Δ ỹ jt(w ̃ it+e  − w̃ it−e′   − γr(ỹ jt+e  − ỹ jt−e′)) | Si  = 1, j(i)  = j ∈ Jr]  = 0,

9
The assumption of a unit root process for productivity can be replaced by any process with persistence beyond
the persistence of the measurement error in value added.
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(13) 
E[ Δ y–rt(w– rt+e
   − w– rt−e′
   − ϒ(y–rt+e  − y–rt−e′)) | Si  = 1, j(i)  = j ∈ Jr]  = 0;

for e ≥ 2, e′ ≥ 3, where y–rt   ≡ E[yjt   | Si  = 1, j(i, t)  = j ∈ Jr] and w– rt   ≡ E[wit   | Si 
 ̃ it  = wit  − w– rt and ỹ jt  = yjt  − y–rt
= 1, j(i)  = j ∈ Jr]are market-level means, w
are deviations from market-level means, and Si  = 1denotes a worker who does not
change firms between t − e′and t + e. These moment conditions are equivalent to
regressions of long differences in log earnings on l ong differences in log value added,
instrumented by short differences in log value added. In addition, Assumption 1
ensures the rank condition and consequently the identifiability of these parameters.
To interpret these assumptions, it is useful to return to Figure 1. From Assumption
2, the growth in value added should be the sum of a permanent component and a
transitory, mean-reverting component. Due the transitory component, Δ y–rtcould be
correlated with Δ y–rt+eat e = − 2, …, 2. However, Δ y–rtshould be orthogonal to
Δ y–rt+ein the periods before e = − 2and after e = 2. Consistent with this orthogonality condition, Figure 1 shows a very similar trend in log value added between the
treatment and control groups at these periods. By similar reasoning in Assumption 3,
  w– rt+ein the periods before e = − 2and after e = 2.
Δ y–rtshould be orthogonal to Δ
Consistent with this orthogonality condition, Figure 1 shows a very similar trend in
log earnings between the treatment and control groups at these periods.
It is useful to observe what is and is not being restricted by Assumptions 2 and
3 that deliver the internal instruments. Importantly, these assumptions permit arbitrary correlation between the components of Γ, that is (p– r, p̃ j, gj( x), xi).As a result,
our model allows for rich heterogeneity of both firms and workers, and systematic
sorting of different workers into different firms. However, Assumption 2 implies
that worker-specific innovations to productivity are independent across coworkers
and orthogonal both to innovations to firm productivity and to idiosyncratic taste
realizations. Moreover, worker-specific wage measurement error is independent of
the choice of firm, and, thus, does not matter for worker mobility. This is key to
identifying the p ass-through rates of firm shocks by looking at changes over time in
the earnings of incumbent workers.
Identification Using External Instruments.—To complement the analyses
based on internal instruments, we also use external instruments that allow us to
relax assumptions on the joint process of amenities, firm productivity, and measurement error in value added. In particular, we can allow both firm-specific and
market-specific amenities to vary over time as well as unrestricted dependence over
time in the value-added measurement error. The key limitation of the external instruments is that we only have a firm-specific shock for a single industry, not all industries in the economy.
To see why external instruments can achieve identification under weaker assumptions, we derive the wage equation in the presence of time-varying firm (g̃ jt)  and
market (g–rt)level amenities. As shown in Lemma 8 in online Appendix A.5, the
structural wage equation is the same as in (6) except for the amenity term hj which
is now time-varying and given by
αr(i,t)  β
α(i,t)  β / ρ(i,t)
   g–r(i,t)t  +  ___________
  
    g̃ j(i,t)t,
	
hjt  = hˇ j(i,t)  +  _
1 + αr
(i,t)  λβ
1 + αr(i,t)  λβ / ρr
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–

and can be aggregated at the market level to h rt  ≡ E[hjt  | j ∈ Jr].
Suppose we observe an instrument for firm-level TFP a ̃ , denoted Λ̃ jt, satisfying
the following firm-level condition.
ASSUMPTION 4: The firm-level instrument Λ̃ jtis relevant for firm-level productivity
changes, 
E[ Λ̃ jt(ã j(i), t+e  − ã j(i), t−e) | Si  = 1, j(i)  = j ∈ Jr]  ≠ 0; and exogenous
of changes in firm-level amenities hjt, E[Λ̃ jt( hj(i), t+e  − hj(i), t−e′) | Si  = 1, j(i)  = j
∈ 
Jr]  = 0.
Furthermore, suppose we observe a market-level instrument for market-level TFP a–,
–
denoted Λ rt, satisfying the following market-level condition.
ASSUMPTION 5: The market-level instrument Λ rtis relevant for market-level
–
productivity changes, E

[Λ rt(a–rt+e  − a–rt−e) | Si  = 1, j(i)  = j ∈ Jr]  ≠ 0, and
–
–
– –
exogenous of changes in market-level amenities h rt, E[ Λ rt(h rt+e  − h rt−e) | Si  = 1,
j(i)  = j ∈ Jr]  = 0.
–

Impose Assumptions 4 and 5 and invoke the restrictions on the measurement errors
from Assumptions 2 and 3. Then it follows directly that equation (12) recovers γ
 r
–
using Λ̃ jtinstead of Δ ỹ jt, and equation (13) recovers ϒ using Λ rtinstead of Δ y–rt.
See online Appendix C.3 for additional details.
In the empirical implementations below, we consider two external instruments.
We estimate the firm-level p ass-through γrin the construction sector using the
research design of Kroft et al. (2021). In particular, we instrument for changes in
value added using plausibly exogenous product demand shocks at the fi
 rm level
generated by government procurement auction outcomes. We estimate the market-level pass-through ϒ
 using a s hift-share research design in the tradition of Bartik
(1991) and Blanchard and Katz (1992). In particular, we instrument for changes
in market-level value added using industry-wide value-added growth shocks interacted with the past concentration of that industry’s value added across commuting
zones.
B. Quality of Workers and Technology and Amenities of Firms
To draw inferences about compensating differentials and the sources of wage
inequality, we need to recover the quality of workers as well as the technology and
amenities of firms. The identification argument consists of three steps. First, we
use equations (4) and (8), which show that the variation in log earnings can be
decomposed into firm effects (ψjt), interactions between worker quality (x) and firm
complementarities (θj), and the pass-through of productivity shocks from firms to
workers. We demonstrate how to use the observed changes in earnings for workers moving across firms to separately identify each of these components. Second,
we combine these results with equation (7) and the parameters (β, ρr, αr, λ) identified in the previous subsection to decompose the variation in firm effects into
 arket level (a–rt)
the time-varying TFP components at the fi
 rm level (ã jt) and the m
as well as the amenity component (hj). Lastly, we use equations (10) and (11) to
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recover the permanent components of TFP at the fi
 rm level (p̃ j) and m
 arket level (p– r),
2
as well as the variances of TFP shocks at the firm level (σ  ũ )  and market level (σ  u2  ¯)  .
We now go through these three steps, referring to online Appendix C.4 for derivations and additional details. Consider first how to recover the time-invariant
 rm-worker interaction parameter
firm-specific earnings premium ψ
 jas well as the fi
θjusing the earnings of movers. To do so, we remove time-varying firm- and market-level components of earnings, which allows us to express the expected earnings
of worker iin firm jin terms of only xi, ψj, and θj:

|

⎢

⎡

⎥
⎤

ρr
1 ( y–   − y–   
_
(14)	
E  w
     
  +  _
 ỹ    − ỹ j1)    j(i, t)  = j ∈ Jr  
it  −   
rt
r1)  
(
)
1
+
λβ
ρ


 
+
λβ ( jt
r

a
⎣
⎦
w  it 

     = 
θj xi  + ψj;

Jrwe define the firm
where we refer to w  ait  as adjusted log earnings, and for j ∈ 
fixed effect as
ρr –
1  p̃    +  _
 p .
(15)	
ψj  ≡ cr  − αr hj  +  _
1 + λβ r ρr  + λβ j

The fixed effect ψjis the common wage intercept in the firm that can be attributed to
permanent productivity and amenities.
The structure of the adjusted log earnings equation (14) matches the model of
earnings of Bonhomme, Lamadon, and Manresa (2019) and implies the following
set of moments:

|

ψj′ 
w  a  _
w  a   ψj
  it+1
   −      −  _
  it   −  _      j(i, t)  = j, j(i, t + 1)  = j′  = 0.
	
E  _
θj′  ) ( θj
θj )
[( θj′ 
]

Bonhomme, Lamadon, and Manresa (2019) show that this set of moments uniquely
identifies ( ψj , θj )if a rank condition holds that workers moving to a firm are not of
the exact same quality as workers moving from that firm; i.e.,
	
E[xi   |  j(i, t)  = j, j(i, t + 1)  = j′] ≠ E[xi  | j(i, t)  = j′, j(i, t + 1)  = j].

We test this rank condition and find that it holds in our data. Given ( ψj , θj ), xiis identified from E[(w  ait   − ψj(i,t))   / θj (i,t) | i]. The estimates of xiand θj allow us to construct
the total efficiency units of labor for each firm, which together with the time-varying
part of the wage premium at the firm give us a linear system of equations in h j, ã jt,
and a–rt for each firm and time. Using the process assumptions on ã jtand ã rt
and the market-level normalization of p j, we can then identify (p– r, p̃ j, σ  2ũ ,   σ  u2  ¯)  . See
online Appendix C.4 for further details.
C. Amenities and Worker Preferences
To make inference about welfare and to perform counterfactuals, it is necessary
to also recover the preference term Gj(X).This is done through a revealed preference
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argument: holding wages fixed, firms with favorable amenities (for a given type of
worker) are able to attract more workers (of that type). Conditional on wages, the
size and composition of firms and markets should therefore be informative about
unobserved amenities.
We formalize this intuition in Lemma 9 in online Appendix C.5, showing that G
 j( X)
can be identified from data on the allocation of workers to firms and markets. Using
the probability that workers choose to work for firm jconditional on selecting market r, Pr[ j(i, t)  = j | X, r( j)  = r], we consider two firms jand j′in the same market
r. The differences in size and composition of these firms depend on the gaps in
wages and amenities:
   
  xi  + ψ
  
  
Gj(  
X)  − log  
Gj′(X)
      
λ
j′)
j  − ψj′ )+ log 
((θj  − θ  


wage gap



amenity gap

Pr[ j(i, t)  = j | X, r(j)  = r]
ρr
_
        =  
    
log  ___________________
   
   
   
  ,
β
Pr[ j(i, t)  = j′ | X, r(j′) = r]

relative size by worker type

where ρ
 r  / βis the inverse (pretax) firm-specific labor supply elasticity. Since both
the wage gap and the w
 ithin-market elasticity are already identified, we can recover
the value of amenities up to a common market factor by comparing the size and
composition of firms. Using a similar argument, we show in online Appendix C.5
that comparing the size and composition of firms across markets allows us to pin
down the common market factor.
IV. Estimation Procedure, Parameter Estimates, and Fit

We now present the estimates of the key empirical quantities, including the
p ass-through rates, the worker and firm effects, and the sorting of workers to firms.
Armed with these estimates, we empirically recover and discuss the key model
parameters, such as the labor supply curve, the firms’ technology, TFP, and amenities, as well as the workers’ preferences and productivity. The estimation procedure
follows closely the identification arguments laid out in Section III and summarized
in Table 1, mostly replacing the population moments with their sample counterparts.
In the estimation, however, we impose a few additional restrictions on the heterogeneity of workers, firms and markets. These restrictions are not necessary for identification, but they help reduce the number of parameters to estimate. We now describe
these restrictions before presenting the parameter estimates, assessing the fit of the
model, and examining overidentifying restrictions.
A. Empirical Specification
We begin by restricting the market-specific parameters α
 rand ρrto be the same
within broad markets (as defined in Section II). The restriction on αrmeans the scale
parameter can vary freely across (but not within) broad regions and sectors of the
economy. The assumption on ρrrestricts the nested logit structure of the preferences.
Recall that the parameter ρ
 rmeasures the degree of independence in a worker’s taste
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for alternative firms within the nest. We specified the nest as the combination of
commuting zone and two-digit industry. We now restrict the parameter ρ
 rto be the
same for all nests within each broad market. As a result, labor wedges may vary
across but not within broad regions and sectors. In online Appendix Table A.5, we
demonstrate that the estimates of ( β, ρr, αr) and rent shares are robust to alternative
definitions of nests, such as states instead of commuting zones and t hree-digit rather
than two-digit industries.
 j
A second set of restrictions is that we draw the firm-specific components θ jand ψ
from a discrete distribution. We follow Bonhomme, Lamadon, and Manresa (2019)
in using a two-step grouped fi
 xed-effects estimation, which consists of a classification and an estimation step. In a first step, firms are classified into groups indexed
by kbased on the empirical earnings distribution using the k-means clustering algorithm. The k-means classification groups together firms whose earnings distributions are most similar.10 Then, in a second step, we estimate the parameters θ k( j)and
ψk( j). In the baseline specification, we assume there exist ten firm types. We view the
assumption of discrete heterogeneity as a technique for dimensionality reduction in
the estimation. The estimates of firm effects do not change materially if we instead
allow for 20, 30, 40, or 50 firm types (see our online Appendix).
Lastly, we also make the following discreteness assumption for the systematic
components of firm amenities:
	
Gj( X)  = G r( j) G̃ j Gk( j)( X),
–

where we define the firm class k( j)within market rusing the classification discussed
above interacted with the market. This multiplicative structure reduces the number
of parameters we need to estimate while allowing for systematic differences in ame–
nities across firms and markets (G̃ j, G r( j)) and heterogeneous tastes according to the
quality of the worker Gk( j)( X). As a result, amenities may still generate sorting of
better workers to more productive firms, and compensating differentials may still
vary across firms, markets, and workers. For estimation purposes, we take advantage
of the derivations in online Appendix C.5, which express the preference components
–
(G r( j), G̃ j, Gk( j)( X))as functions of the size and composition of firms and markets. In
 into ten points of support
the estimation of G
 k( X), we discretize the distribution of X
by ranking the estimated values of X
 and evenly grouping workers into ten bins. In
–
the estimation of G
  r, we also group markets into ten different market types based on
their realized empirical distribution of earnings, using the same k-means algorithm
as discussed above.
B. Estimates of the Pass-Through Rates
We now present the estimates of the pass-through rates, finding that the internal
and the external instruments give very similar results.

10
Here, we follow Bonhomme, Lamadon, and Manresa (2019). Concretely, we use a weighted k-means algorithm with 1 00randomly generated starting values. We use the firms’ empirical distributions of log earnings on a
grid of 10 percentiles of the overall log-earnings distribution.
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Table 2—Estimates of Pass-through Rates and Labor Supply Elasticities
Panel A
Instrumental variable
Internal instrument:
Lagged firm-level value-added shock under MA(1) errors
External instrument:
Procurement auction shock at fi
 rm level
Panel B
Instrumental variable
Internal instrument:
Lagged market-level value-added shock under MA(1) errors
External instrument:
Shift-share industry value-added shock

Firm-level estimation
Implied elasticity

Pass-through (E[γr ])
0.13
(0.01)
0.14
(0.07)

6.52
(0.56)
6.02
(3.37)

Market-level estimation
Implied elasticity

Pass-through (ϒ)
0.18
(0.03)
0.19
(0.04)

4.57
(0.80)
4.28
(1.13)

Notes: This table summarizes estimates of the p ass-through rates and implied p retax labor supply elasticities when
using internal or external instrumental variables. Panel A provides these estimates at the firm level, while panel B
provides these estimates at the market level.

Estimates Using Internal Instruments.—In Table 2, we use the internal instruments to estimate the pass-through rates and the implied labor supply elasticities at
both the firm and market levels. We directly implement the sample counterpart to
equation (12) at the firm level under the assumption that measurement errors fol r, to vary by broad
low an MA(1) process (e = 2, e′ = 3). We allow γr, and thus ρ
11
market, where a broad market is a set of markets. In practice, we consider eight
broad markets defined by a census region and goods versus services sectors (see
Section II). Similarly, we directly implement the sample counterpart to equation
(13) to estimate ϒ
 .
In the first row of panel A, we estimate that the average firm-level pass-through
rate γris about 0.13 with a standard error of about 0.01. This suggests that the earnings of an incumbent worker increases by 1.3 percent if her firm experiences a 10
percent permanent increase in value added, controlling for common shocks in the
market. The firm-level p ass-through rate implies a firm-level (pretax) labor supply
elasticity of about 6.5. This estimate implies that, holding all other firms’ wage
offers fixed, a 1 percent increase in a firm’s wage offer increases that firm’s employment by 6.5 percent.12
In the first row of panel B, we estimate that the market-level p ass-through rate ϒ
 
is about 0.18 with a standard error of about 0.03. This suggests that the earnings of
incumbent workers increases by 1.8 percent if all firms in their market experience a
10 percent permanent increase in value added. This finding highlights the importance
of distinguishing between shocks that are specific to workers in a given firm versus
those that are common to workers in a market. The market-level pass-through rate
11
We estimate γ
 rand ϒ
 separately for each cohort tand then average across t. By doing so, we avoid the problem pointed out by Callaway and Sant’Anna (2021) that cohorts can be negatively weighted in pooled cohort DiD
estimators.
12
This estimate is at the upper end of the range of estimates found in a recent empirical literature. Card et al.
(2018) pick 4 percent as the preferred value in their calibration exercise. A related literature using experimentally
manipulated p iece rates for small tasks typically finds labor supply elasticities in the 2 –6 percent range (Caldwell
and Oehlsen 2018; Dube, Manning, and Naidu 2020; Sokolova and Sorensen 2020).
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implies a market-level (pretax) labor supply elasticity of about 4.6. This e stimate
implies that, if all firms in a market increase their wage offers by 1 percent, each
firm’s employment in the market increases by 4.6 percent.
In online Appendix D.1, we provide a number of specification and robustness
checks for the p ass-through estimates using internal instruments. First, we show
that the firm-level and market-level pass-through rates are not sensitive to using
an MA(2) specification rather than an MA(1) specification for the transitory shock
process, which is consistent with previous work (see, e.g., Guiso, Pistaferri, and
Schivardi 2005; Friedrich et al. 2019). Second, when allowing for transitory shocks
to value added to also pass-through to earnings, we find very small pass-through
rates of transitory shocks while the pass-through rates for permanent shocks are
not materially affected. Third, in online Appendix Figure A.1, we explore robustness of the pass-through estimates across subsamples of workers, finding that the
pass-through rates do not vary that much by the worker’s age, previous wage, gender, or tenure. Fourth, while value added is a natural measure of firm performance
(see the discussion by Guiso, Pistaferri, and Schivardi 2005), it is reassuring to
find that the estimates of the p ass-through rates are broadly similar if we measure
firm performance by operating profits; earnings before interest, tax and depreciation
(EBITD); or value added net of reported depreciation of capital. We also show that
the estimated pass-through rates are in the same range as our baseline result if we
exclude multinational corporations or exclude the largest firms.
Lastly, to compare with existing work (e.g., Guiso, Pistaferri, and Schivardi 2005),
we also consider estimating the restricted specification that imposes γ
 r  = ϒ, ∀ r. In
our model, this is equivalent to imposing ρr  = 1, ∀ r, so that idiosyncratic worker
preferences over firms are uncorrelated within markets. The estimated pass-through
rate is then 0 .14, which is broadly similar to the existing literature that ignores the
distinction between firm- and market-level shocks.
Estimates Using External Instruments.—Our analyses so far have relied on statistical processes of earnings and value added. An advantage of our approach is that
it provides both a market-level and a firm-level instrument for each firm, allowing
us to draw inference for the entire population. While we have provided a number of diagnostics and sensitivity checks that support our approach, the identifying assumptions remain debatable. To examine the sensitivity of our results to the
assumptions on the statistical processes for value added and earnings—and thereby
improve the quality and credibility of our analyses—we now provide complementary analyses based on external instruments.
To recover the firm-level pass-through and labor supply elasticity, we take advantage of the same research design as Kroft et al. (2021), except we apply it to our
estimation sample and parameters of interest.13 In particular, we examine how firms
in the construction sector respond to a plausibly exogenous shift in product demand
through a DiD design that compares fi
 rst-time procurement auction winners to the
13
The main limitation of the approach using external instruments is that the instrument may only be available
for a subsample of firms. The instrument of Kroft et al. (2021) is only defined for the construction industry, which
may not be nationally representative. To investigate this possibility, we apply the internal instruments design to the
construction industry, finding a firm-level pass-through rate of about 0.15 and a firm-level labor supply elasticity of
about 5.5, which are similar to the estimates for the full sample.
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firms that lose, both before and after the auction. Formally, consider the cohort of
firms that received a procurement contract in year t (jt  = 1) and the set of comparison firms that bid for a procurement in year tbut lost (jt  = 0). Let e denote
an event time relative to t and e–denote the omitted event time. For each event time
e = − 4, …, 4, the DiD regression is implemented as

∑
  
  1{e′ = e} μte′
    + ∑
  
    
1{j′ = j} ψ
  j′t
  +   ∑
  
  1{e′ = e} jt  ϑte′
    +  νjte .
	wjt+e  =    
e′≠
e–
j′
e′≠
e–



residual
⏟
event time fixed effect

firm fixed effect

treatment status by event time

We report the average across tof the estimated ϑt eparameter, which can be interpreted
as the average treatment effect on the treated for those firms receiving an exogenous
demand shock.14 We use the same regression model to estimate the effects of an
exogenous demand shock on log value added. The ratio of the effects on log mean
earnings and log value added is the p ass-through rate. We cluster standard errors at
the fi
 rm level and find a strong first stage coefficient; see online Appendix C.3 for
additional details. Using this external instrument, we find in the second row of panel
A in Table 2 a firm-level pass-through rate of 0.14 and labor supply elasticity of
about six, which are very similar to our baseline estimates under Assumptions 2–3.
In order to provide instrumental variable estimates of the market-level p ass-through
and labor supply elasticity, we follow Bartik (1991) and Blanchard and Katz (1992)
in constructing a shift-share instrument. Let czdenote a commuting zone and ind
denote a two-digit NAICS industry, and recall that a market is defined by the pair
–
Let Y cz,ind,tdenote the total value added in the
(cz, ind)in our main specification.
–
–
  cz,ind,tdenote aggregate industry value added.
(cz, ind)at time t, and Y 𝑖𝑛𝑑,t  ≡ ∑𝑐𝑧 Y
Then, the shift-share total value-added shock to the commuting zone is constructed
–
–
 S
 cz,ind,t0 ζ𝑖𝑛𝑑,t, where S cz,ind,t  ≡ Y cz,ind,t  / ∑ind
 Y
 cz,ind,tis the exposure of the c z
as ∑ind
–
–
to a particular ind (the “share” component), ζ𝑖𝑛𝑑,t  ≡ log Y 𝑖𝑛𝑑,t  − log Y 𝑖𝑛𝑑,t−τis the
log change in industry value added (the “shift” component), and we measure the
share component at the earliest period in the sample. To estimate the market-level
pass-through, we regress the log change in earnings per stayer in the commuting
zone on the log change in total value added in the commuting zone, instrumented by
the s hift-share value-added shock. We find a strong first stage; see online Appendix
C.3 for additional details. We find in the second row of panel B in Table 2 a market-level p ass-through rate of 0.19 and labor supply elasticity of about 4.3, which
are very close to our baseline estimates under Assumptions 2 and 3.
C. Estimates of the Parameters Needed to Recover Rents
Once we have estimates of firm-level and market-level pass-through rates (γr, ϒ)
and tax progressivity λ, we can recover the model parameters ( β, ρr, αr)needed to
identify rents. We begin by estimating the tax progressivity parameter λ
 as well as
the proportional tax parameter τoutside the model. In each year, we regress log
14
We estimate ϑ
 tefor all tand e and then average across t, using the delta method to compute standard errors
(which are clustered at the firm level jto account for serial correlation). By doing so, we avoid the problem pointed
out by Callaway and Sant’Anna (2021) that cohorts can be negatively weighted in pooled cohort DiD estimators.
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net household income (earnings plus other income minus taxes) on log household
gross income (earnings plus other income) for our sample. The construction of these
income measures is detailed in online Appendix B . The intercept from this regression
gives us τ while λ
 is identified from the slope coefficient. We estimate τ of around
0.89whereas λis estimated to be about 0.92.15 In a proportional tax-transfer system,
λis equal to one and (1 − τ)is the proportional effective tax rate. By contrast, if
0 < λ < 1, then the marginal effective tax rate is increasing in earnings. Thus,
our estimate indicates modest progressivity in the US tax system. Online Appendix
Figure A.2 shows how well our parsimonious tax function approximates the effective
tax rates implicit in the complex US tax-transfer system. Comparing predicted log
net income from the regression to the observed log net income across the distribution
of log gross income, we find this specification provides an excellent fit.
Armed with λ
 , we can identify ( β, ρr, αr) using the p retax labor supply elasticities at the firm level and market level summarized in Table 2 and the equations in
Section IIIA. We estimate the (posttax) market-level labor supply elasticity β to be
4.99. This finding suggests considerable variability across workers in the idiosyncratic tastes for firms. We estimate the average ρracross markets to be 0.70. This
implies a substantial correlation of about 0.5in the idiosyncratic tastes of workers across firms within the same industry and location. We estimate the average αr
across markets to be 0.21. This indicates that returns to labor 1 − αr are about 0.79
on average, consistent with modestly diminishing returns.
In online Appendix Figure A.3(a), we report the estimates of (posttax) firm-level
labor supply elasticities from the main specification. On average, this elasticity is
about 7.3. Behind this average, however, there is important variation. Empirically,
labor supply is most inelastic in the goods sector (which has lower rates of unionization) and more elastic in the Northeast (which has lower rates of right-to-work law
coverage). These results are consistent with stronger institutions that favor workers
being associated with less wage-setting power of firms. However, these are only
correlational patterns and may not be given a causal interpretation.
In online Appendix Table A.5, we demonstrate that the estimates of (β, ρr, αr) 
as well as the rent shares are robust to various alternative market definitions. First,
we show that the estimates of βand the average rent shares are robust to shutting
–
 ). Next,
down broad market heterogeneity (that is, restricting ρr  = ρ– and αr  = α
we find that the results are materially unchanged when, instead of NAICS two-digit
codes, we define the industry to be more aggregated (NAICS supersectors) or less
aggregated (NAICS three-digit codes). Lastly, we demonstrate that the results are
materially unchanged when, instead of commuting zones, we define the geographic
units to be more aggregated (states) or less aggregated (counties).
D. Worker Heterogeneity, Firm Wage Premiums, and Worker Sorting
 j(i), and firm-worker interacWe estimate worker effects x i, firm wage premiums ψ
tion parameters θ j(i)following closely Section IIIB. To do so, we first construct adjusted
log earnings w
   ait  using equation (14) and the estimates of ( β, ρr, αr, λ)discussed in
15
These results mirror closely existing US estimates of τand λ (Guner, Kaygusuz, and Ventura 2014; Heathcote,
Storesletten, and Violante 2017).

VOL. 112 NO. 1

199

LAMADON ET AL.: IMPERFECT COMPETITION

Worker quantile
1

10

40

70

20

50

80

30

60

90

Predicted log earnings

0.5

0

−0.5

−1

1

2

3

4

5

6

7

8

Firm type (ordered by mean log earnings)

9

10

Figure 2. Predicted Log Earnings from the Estimated Model
Notes: In this figure, we summarize the estimates of worker ability xi, time-invariant firm premiums ψk( j), and
 rm-worker interactions θk( j)for ten firm groups k. On the y -axis, we plot the predicted log earnings for each firm
fi
type using the estimated equation ψk  + θk  · xq, where each quantile in the distribution of worker types xqis presented as a separate line. On the x -axis, firm types are ordered in ascending order, where “lower” and “higher” types
refer to low and high mean log earnings.

the previous subsection.16 Given the classification of firms into groups discussed
above, we implement the estimating equations provided in online Appendix C.4
on w  ait  in order to recover ( ψk( j), θk( j))for each group k . Then, given (ψk, θk), we
recover x ifrom equation (14), as described in Section IIIB.17
Figure 2 summarizes the estimates (see our online Appendix for further details).
On the y -axis, we plot the predicted log earnings for each firm type using the equation ψ
 k  + θk xq, where each quantile in the distribution of worker types x qis presented as a separate line. On the x -axis, firm types are ordered in ascending order
of mean log earnings. If ψ
 k( j) did not vary across firm types k , the typical worker
would not experience an upward slope when moving from lower to higher firm
types. We find a weakly positive slope, indicating some role for time-invariant firm
16
In a preliminary step, we regress log earnings on a full set of indicators for calendar years and a cubic polynomial in age, where we follow Card et al. (2018) in restricting the age profile to be flat at age 40. Thus, w
 itis log
earnings net of age effects and common aggregate time trends. We verify that the two-way fixed-effect estimates are
nearly identical if jointly estimating the age and year effects with the firm and worker fixed effects.
17
Note that ( ψk( j), θk( j)) are estimated using the movers in the connected set of firms, while x iis estimated for
both movers and n onmovers in this connected set. Since x iis estimated using an average over time for a given
worker, the estimated variance in ximay be upward biased due to serial correlation in earnings measurement errors
or finite sample bias. In our online Appendix, we derive and estimate the bias in the estimated variance of xifor the
case in which the error process is unit root plus MA(0), finding a small bias for our panel length.
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fixed effects. If θk
( j) did not vary across firm types, then the lines in this plot would
have the same slope for lower and higher worker types. Instead, the results show
clear evidence that higher worker types experience a more positive slope across firm
types. As shown in online Appendix C.4, the parameters governing nonlinearities
are identified from comparing the gains from moving from a low to a high type of
firm for workers of different quality. As evident from Figure 2, the gains from such
a move are considerably larger for better workers. For example, moving from the
lowest to the highest type of firm increases earnings by 15, 47, and 80 percentage
points for individuals at the 20, 50, and 80 percentiles of worker quality.
To compare and interpret the estimates of xi, ψjt, and θj, we rearrange equation
(14) so that we can decompose log earnings as
–
–
  
)+   
ψj(i,t),t  − ψ
  
  
θj(i,t)  − θ )(  
xi  − x–)+ vit,
	
wit  = θ (xi  − x
j(i,t)+   
j( i,t)x )+   
(
(ψj(i,t)  + θ


x̃ i
⏟
ϱij(i,t)
ψ̃ 

ψ̃  
–

–

j( i,t),t

j(i,t)

where θ   ≡ E[θj (i,t)]  and x– ≡ E[xi]. This equation decomposes the earnings of
worker iin period tinto four distinct components: x̃ igives the direct effect of the
quality of worker i  (evaluated at the average firm), ψ
 ̃ j(i,t),tis the time variation in the
firm premium due to the pass-through of value-added shocks, ψ̃ j(i,t)represents the
average effect of firm j (evaluated at the average worker), ϱ
 i j(i,t) captures the interaction effect between the productivity of firm j and the quality of worker i , and v it is
the measurement error.
Using this representation, we obtain a variance decomposition of log earnings:
–

̃     +   
  
  +  var
  
2  
cov[x̃ i, ψ̃ j(i,t)] 
 var[wit]  =  var
[x̃ i]
[ψ j(i,t)]


i) Worker⏟
Quality: 71.6%
ii) Firm Effects: 4.3%
iii) Sorting: 13.0%
	
+  var[vit] 
  +     
var[ϱij(i,t)]      
+ 2cov[x̃ i  + ψ̃  
j( i,t), ϱij(i,t)]
 

⏟
iv) Meas.
Error: 10.0%
v) Interactions: 0.9%
	
+ var
   
ψ ̃ j(i,t),t]  + 2cov[x̃ i, ψ̃ j( 
i,t),t].
[   


vi) Time-varying Effects: 0.3%

The first conclusion is that the most important determinant of earnings inequality is
worker quality, which explains about 72 percent of the variation in log earnings. The
second conclusion is that firm fixed effects explain around 4 percent of the variation
in log earnings, with a standard deviation of firm effects of about 0.12. In order to
place the firm effect estimates in context, we compare them to the literature on the
effects of job displacement. The majority of these studies focus on the United States
and find that long-run earnings losses from a job displacement are around 10-20
percent (see the survey by Couch and Placzek 2010). Thus, a job displacement has
about the same effect on earnings as moving to a firm that is one standard deviation
lower in the b ias-corrected firm effects distribution.
The third conclusion is that the US economy is characterized by strong sorting
of high quality workers to high paying firms, with a correlation of 0.37 between
worker and firm fixed effects. Indeed, sorting explains about three times as much of
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the variation in log earnings as firm fixed effects on their own. The fourth conclusion
is that the dispersion of interaction effects across firms explains about 1 percent of
earnings inequality.18 The final conclusion is that the time-varying component of
firm effects due to the pass-through of TFP shocks at the firm level and market level
explains less than half of a percent of earnings inequality, indicating a small role for
the pass-through of shocks in cross-sectional earnings inequality.
In online Appendix D.2, we discuss a number of specification checks. First, we
consider estimating the model when excluding firm-worker interactions (imposing
–
θj  = θ ) or excluding time-varying effects (imposing γr  = ϒ = 0). Second, we
assess the degree of limited mobility bias in our data. Third, we consider increasing
the number of groups in the k-means algorithm from the baseline value of 10 up to
50 in increments of 10, finding that the estimates are not sensitive to the number
of groups. Fourth, we compare estimates for two distinct time periods, finding that
the variance decomposition estimates change little over time. Fifth, we consider a
number of checks on the reliability of the estimates of the interaction parameters
θj. These include a comparison between our estimates and the interaction effects
that arise due to observed worker heterogeneity and a check against data on hourly
wages instead of annual earnings.
E. Estimates of Remaining Parameters and Overidentification Checks
We conclude this section by discussing estimates of the remaining parameters.
We recover TFP and amenity components ( ã jt, a–rt, hj)from the estimates of ( xi, ψj, θj)
using the approach explained in Section IIIB. Given estimated TFP and amenities,
we can use them to construct predicted values of firm effects, value added, efficiency units of labor, and wage bill. In online Appendix Figure A.4, we compare the
observed and the predicted values of these variables in order to examine the model
fit. We make this comparison separately according to the actual and predicted firm
size.19 It is reassuring that the model fits them well.
As an overidentification check, in online Appendix Figure A.5, we take advantage
of the fact that there are two distinct methods to identify the amenity component
hj. One possibility is the baseline approach discussed in Section IIIB, which recovers it from the equation for firm wage premiums. Another possibility is to use the
–
fixed-point definition of hjas a function of (P̃ j, P r, Gj( X)), as shown in Lemma 3 in
online Appendix A.1. This definition comes from the equilibrium constraint of the
model, which we do not directly use in the baseline estimation. Online Appendix
Figure A.5 shows that the estimates of hjwe obtain from solving the equilibrium
constraint of the model are very similar to the baseline estimates. This finding
increases our confidence in the moment conditions implied by our economic model.

18
Using a random effects approach, Woodcock (2015) also provides a decomposition with fi
 rm-worker interactions in the United States. He also finds that interactions explain less variation than firm effects. However, the
approach of Woodcock (2015) requires that match heterogeneity is purely idiosyncratic. By contrast, we find systematic deviations from the linear model in a way that is structurally related to other sources of heterogeneity, such
as worker effects and firm effects.
19
Note that firm effects and efficiency units of labor are targeted directly, while the relationship with firm size
is not, so subfigures (b and c) in online Appendix Figure A.4 are only untargeted in the relationship with firm size.
The other subfigures are untargeted in both dimensions.
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As another overidentification check, we combine the earnings equation (4) with
the equation for the wage bill (6) (instead of value-added equation (5)) to estimate
the firm-specific labor supply elasticity using our internal instruments. This does
not alter the conclusion that each firm is facing an economically and statistically
significant u pward-sloping labor supply curve. In other words, firms have considerable wage-setting power. In terms of magnitudes, we estimate a fi
 rm-specific labor
supply elasticity above six based on value-added changes and around five based
on wage bill changes. Given the precision we have, however, one may want to be
cautious in drawing strong conclusions about meaningful differences between these
point estimates.
V. Empirical Insights from the Model

We now present five sets of empirical insights from the estimated model. These
insights require an explicit model of the labor market, and, thus, they may be susceptible to model misspecification. As shown in Section III, however, many of the
insights do not require knowledge of all the structural parameters. Thus, some of our
findings may be considered more reliable than others. To make this clear, we first
present the findings that rely on the least assumptions and then move to those that
require additional restrictions on the functioning of the labor market.
A. Rents and Labor Wedges
Our first set of insights from the estimated model is about the rents and labor
wedges that arise due to imperfect competition in the labor market. Table 3 presents
estimates of the size of rents earned by American firms and workers from ongoing
employment relationships. We report national averages and refer to online Appendix
Table A.7 for the market-specific results.
We find evidence of a significant amount of rents and imperfect competition in
the US labor market due to horizontal employer differentiation. At the firm level,
we estimate that workers are, on average, willing to pay 13 percent of their annual
earnings to stay in their current jobs. This corresponds to about $5,400 per worker.
By comparison, firms earn, on average, 11 percent of profits from rents (with profits
being measured as value added minus the wage bill). This amounts to about $5,800
per worker in the firm. Thus, we conclude that firm-level rents from imperfect competition in the labor market are split equally between employers and their workers.
At the market level, we estimate that rents are considerably larger than firm-level
rents. Workers are, on average, willing to pay about $7,300 (18 percent of their annual
earnings) to avoid having to work for a firm in a different market, which is almost
$1,900 more than they would pay to avoid having to work for a different firm in the
same market. The relatively large market-level rents reflect that firms within the same
market are more likely to be close substitutes than firms in different markets. At the
market-level, rents are again split almost evenly between firms and their workers.
In online Appendix Figure A.3, we show that labor wedges are significant and
vary substantially across markets. On average, the marginal revenue product of
labor is 15 percent higher than the wage. Furthermore, the labor wedges are most
pronounced in the goods sector (which have higher values of ρr). In the Western
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Table 3—Estimates of Rents and Rent Sharing (National Averages)
Rents and rent shares
Firm level
Market level

Workers’ rents
  Per-worker dollars
Share of earnings

5,447
13%

(395)
(1%)

7,331
18%

(1,234)
(3%)

Firms’ rents
 Per-worker dollars
Share of profits

5,780
11%

(1,547)
(3%)

7,910
15%

(1,737)
(3%)

Workers’ share of rents

49%

(4%)

48%

(3%)

Notes: This table displays our main results on rents and rent sharing. Standard errors are in
parentheses and are estimated using 40 block bootstrap draws in which the block is taken to
be the market.

region of the United States, for example, the labor wedge is 6 percentage points
larger for firms in the goods sector as compared to those in the service sector.
B. Compensating Differentials
The estimates of rents suggest the average American worker is far from the margin of indifference in her choice of firm, and would maintain the same choice even
if her current firm offered significantly lower wages. In other words, the average
worker considers amenities important to her choice of firm. This finding does not,
however, imply marginal workers view the amenities of the current firm as much
better or much worse than those offered by other firms. The second insight from our
estimated model is the quantification of the preferences for amenities of marginal
workers, as captured by the compensating differentials.
The estimates of the expected compensating differentials are displayed in online
Appendix Figure A.6. To estimate these quantities, we randomly draw two firms, j
and j′, from the overall distribution of firms (where each firm is drawn with probability proportional to its size). Using Result 3, we compute the compensating differential between jand j′for a worker of given quality x  as ψj′  + x θj′  − ψj  − x θj. We
repeat this procedure for many draws of firms.
The solid horizontal line in online Appendix Figure A.6 shows the mean absolute
value of compensating differentials for marginal workers. For two randomly drawn
firms, the one with worse amenities can be expected to pay an additional 18 percent
in order to convince marginal workers (of average quality) to accept the job. There
is, however, considerable heterogeneity in compensating differentials according to
worker quality. The upward-sloping solid line shows how the expected compensating differential varies with worker quality. For high quality workers (ninety-fifth
percentile in the national distribution), the expected compensating differential is as
large as 30 percent. By comparison, marginal workers of low quality (fifth percentile
in the national distribution) require less than 10 percent additional pay to work in the
firm with unfavorable amenities.
The dashed lines of online Appendix Figure A.6 display the compensating differentials across firms within a market. To compute these quantities, we use the
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same procedure as above, except we now compare firms within each market. For
two randomly drawn firms in the same market, the one with worse amenities can be
expected to pay an additional 14 percent in order to convince marginal workers (of
average quality) to accept the job. This suggests that three-quarters of compensating
differentials reflect differences in amenities within, rather than between, markets.
C. Understanding Firm Effects and Their Implications for Inequality
The third set of insights from our estimated model shed light on why different
firms pay identical workers differentially and the implications of firm premiums for
inequality in wages versus total compensation (inclusive of amenities). As evident
from equation (8), variation in the firm effects ψ
 jtdepends not only on the heterogeneity in firm amenities, but also on the differences in productivity across firms as
well as the covariance between productivity and amenities within firms. The reason is that firms have wage-setting power, which generates a positive relationship
between the firm’s productivity and the wages it pays. To quantify the importance of
these sources, consider the decomposition
1
1
_
  
j(i,t))+     
var _
 
 a–   +  
  
  
 
 
  ã 
 var(ψj(i,t),t)  = var
r  − αr h  
(c  
1 + αr  λβ rt 1 + αr  λβ / ρr j(i,t),t)
(


Amenities

TFP

1
1 
_
	
+ 2cov
     
cr  − αr h    
 a–   +  _
  
 .
  ã 
j(i,t),  
1 + αr  λβ rt 1 + αr  λβ / ρr j(i,t),t)
(

Covariance between amenities and TFP

These components can be broken down between and within broad markets and,
within broad markets, further decomposed within and between markets.20
The results from these decompositions are reported in Table 4. The first panel
reports results from our preferred approach described in Section IIIB. The second
panel reports results from the standard approach of Abowd, Kramarz, and Margolis
(1999), which may suffer from bias due limited worker mobility across firms and
rules out firm-worker interactions. We find that the shares of the variance in firm
effects explained by each component are fairly insensitive across these alternative
estimation procedures. Either way, the results suggest substantial variation in amenities and productivity across firms. If one were to ignore the covariance between
amenities and productivity, the considerable heterogeneity in amenities and productivity across firms would imply that firm effects should have a large contribution
to inequality. However, productive firms tend to have good amenities, which act as
compensating differentials and push wages down in productive firms. As a result,
firm effects explain only a few percent of the overall variation in log earnings. For
example, firm effects within detailed markets explain 3.1 percent of the variation in
log earnings, which is much less than predicted by the variances of firm productivity
(8.6 percent) and amenities (7.1 percent).
20
Recall that a broad market is a census region interacted with a broad sector (goods or services), while a market is a commuting zone interacted with a two-digit NAICS industry.
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Table 4—Decomposition of the Variation in Firm Premiums
Within broad markets

Panel A. Preferred specification
Total
Decomposition
Amenity differences
TFP differences
 Amenity-TFP covariance
Panel B. L
 og-additive fixed effects specification
Total
Decomposition
Amenity differences
TFP differences
 Amenity-TFP covariance

Between
broad markets

Between detailed
markets

Within detailed
markets

0.4%

2.0%

3.1%

16.0%
15.5%
−31.1%

7.8%
11.9%
−17.7%

7.1%
8.6%
−12.6%

0.6%

2.8%

6.6%

15.7%
14.6%
−29.8%

6.5%
13.2%
−16.9%

7.2%
10.0%
−10.5%

Notes: This table displays our estimates of the decomposition of time-varying firm premium variation in three
levels: variation between broad markets, between detailed markets (within broad markets), and between firms
(within detailed markets). Broad markets are defined as the combination of census regions and broad sectors, and
detailed markets are defined as the combination of industries and commuting zones. We decompose the variation in
time-varying firm premiums into the contributions from amenity differences, TFP differences, and the covariance
between amenity and TFP differences. All components are expressed as shares of log earnings variation. The first
panel reports results from our preferred approach described in Section IIIB. The second panel reports results from
the standard approach to estimate firm effects, as in Abowd, Kramarz, and Margolis (1999), which may suffer from
bias due to limited worker mobility across firms and does not permit firm-worker interactions.

The positive correlation between TFP and amenities gives a negative contribution
to earnings inequality, as indicated by the negative terms reported in the last row
of Table 4. Since labor supply is upward sloping, more productive firms must offer
greater total compensation per worker (inclusive of amenities) than smaller firms
to achieve their optimal size. Since TFP and amenities are positively correlated,
high TFP firms disproportionately offer compensation through amenities rather than
wages. Thus, earnings inequality would be even greater if amenities were uncorrelated with TFP, since high TFP firms would rely more heavily on paying higher
wages instead of higher amenities.
D. Understanding Why Different Workers Sort into Different Firms, and the
Implications of This Sorting for Inequality
We now present the fourth insight from our estimated model: Production complementarities are important both to understand why better workers are sorting into better firms and to explain the significant inequality contribution from worker sorting.
To understand how we reach these conclusions, recall that the data reveal positive
sorting between worker and firm fixed effects, which contributes significantly to
inequality in earnings (see the discussion in Section IVD and our online Appendix).
In Figure 3 panel A, we present the sorting of workers to firms in our data. In this
figure, firm types are ordered along the x-axis in ascending order of mean log earnings. On the y -axis, we rank workers by their worker effects x iand divide them into
five equally sized quintile groups. The bars present the share of workers within each
firm type belonging to each quintile group. Figure 3 panel A reveals that the highest
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Panel A. Actual: baseline estimates

Panel B. Actual: simulating from the
equilibrium model
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Panel D. Counterfactual: shrink θj

Panel C. Counterfactual: shrink gj(x)
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Figure 3. Actual and Counterfactual Composition of the Workforce by Firm Types
Notes: In this figure, we first compare the baseline estimates of the worker quality composition by firm type from
the equation for firm wage premiums (15) in panel A versus those estimated using the equilibrium constraint by
–
solving the fi
 xed-point definition of hjas a function of (P̃ j, P r, Gj( X)), as shown in Lemma 3 in online Appendix A.1,
then simulating the sorting of workers to firms (panel B). Then, we reduce the heterogeneity across firms in ame–
nities or production complementarities
by replacing either g j( x)with ( 1 − s) gj( x)  + s g–jor θjwith ( 1 − s) θj  + sθ ,
–
where g–j  = Ex[gj( x)], θ  = E[θj], then resimulate the equilibrium. Here, s ∈ [0, 1]is the shrink rate with s = 0
corresponding to the baseline model. We report the quality of the workforce by firm type for the counterfactual
economies with s = 1/2for either amenities (panel C) or production complementarities (panel D).

quality workers are vastly overrepresented at the highest paying firms. For example,
in the lowest firm type, less than 10 percent of workers belong to the top quality
quintile group. By contrast, in the highest firm type, about 60 percent of workers
belong to the top group.
To build confidence in the estimated pattern of sorting, we exploit that there are
two distinct methods to estimate sorting. One possibility is the baseline approach
discussed in Section IIIB, which recovers worker and firm fixed effects from the
equation for firm wage premiums (14) and uses the allocation of workers to firms
observed in the data. Another possibility is to use the fixed-point definition of h j
–
as a function of the estimated values of (P̃ j, P r, Gj( X)), as shown in Lemma 3 in
online Appendix A.1 , then simulate the allocation of worker quality to firm types
using only estimated model parameters. This approach relies on the equilibrium
constraint of the model, which we do not directly use in the baseline estimation.
The results from this simulation are presented in Figure 3 panel B. The strong
similarity between panels A and B in Figure 3 serves as an overidentification
check that increases our confidence in the moment conditions implied by our economic model.

VOL. 112 NO. 1

LAMADON ET AL.: IMPERFECT COMPETITION

207

As discussed in Section IC, there are several possible reasons why better workers
are overrepresented in higher paying firms. One possible reason is that productive
firms have better amenities, and high ability workers may value amenities more than
low ability workers. Another possible reason is complementarities in production,
which lead productive firms to offer relatively high wages to better workers and thus
incentivizes better workers to sort into productive firms. We now perform counterfactuals that help quantify the importance of these distinct reasons for sorting.
In the counterfactuals we consider, we reduce the heterogeneity across firms
in amenities or production complementarities by replacing either 
g( x) with
–
– j
(1 − s) gj( x)  + s g–jor θ jwith (1 − s) θj  + sθ , where g–j  = Ex[gj( x)] and θ  = E[θj].
Here, s ∈ [0, 1]is the shrink rate with s = 0corresponding to the baseline model.
By reducing the heterogeneity in production complementarities, we are effectively
making amenities more important for the allocation of workers to firms (and vice
versa). Keeping ψ
 jtfixed at baseline values (s = 0), we solve for the counterfactual
allocation of workers to firms given the chosen counterfactual values of gj( x)or θj.
Figure 3 panels C and D illustrate the importance of amenities versus production complementarities for the sorting of workers to firms. Here, we solve the equilibrium counterfactual economies with s = 1 / 2for either amenities (panel C) or
production complementarities (panel D). The results suggest that production complementarities are the key reason why better workers are sorting into higher paying
firms. Online Appendix Figure A.7 complements these results by plotting estimates
of corr(xi, ψj(i,t))  and 2cov(xi, ψj(i,t)) for counterfactual economies with many values
of s . These findings indicate that production complementarities are the driving force
of the strong positive correlation between worker and firm effects and the significant
inequality contribution from worker sorting.
E. Implications of Imperfect Competition for Progressive Taxation and Allocative
Efficiency
Our final set of insights from the model are to quantify the misallocation of workers to firms that arise because of the monopsonistic labor market, and to empirically
illustrate how this misallocation may be corrected through tax policy.
As discussed in Section IE, there are two types of wedges. Within each market,
there is a tax wedge that arises because there is a progressive tax on wages but not
on amenities. As λdecreases and thereby the wage tax becomes more progressive,
amenities become more valuable relative to (pretax) wages. This distorts the worker’s ranking of firms in favor of those with better amenities. Thus, with progressive
taxation, firms with better amenities can hire workers at relatively low wages, and,
therefore, get too many workers as compared to the allocation in the competitive
labor market. Between markets, allocative inefficiencies may arise not only because
of the tax wedge but also due to differences in labor wedges across markets. This is
because the labor supply curves and, as a result, the wage markdowns vary systematically across markets.
As shown in Section IE, the government can improve the allocation of workers to
firms in two ways. First, a less progressive tax system may reduce the misallocation
that arises from the tax wedge. Second, letting the tax rates vary across markets may
improve the allocation by counteracting the differences in the wage-setting power of
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firms. We now use the estimated model to perform a counterfactual that quantifies
the impacts of such a tax reform on the equilibrium allocation and outcomes, including wages, output and welfare.
The counterfactual we consider involves two changes to the monopsonistic labor
market. First, we eliminate the tax wedge in the first-order condition, which distorts
the worker’s ranking of firms in favor of those with better amenities. This is done
by setting the tax progressivity (1 − λ)equal to zero. Second, we remove the labor
wedges in the first-order conditions of the firms. These wedges cause misallocation
of workers across firms with different degrees of wage-setting power. As shown
in Lemma 7 in online Appendix A.4, labor wedges can be eliminated by setting
τrequal to the labor wedge 1 + ρr  / (λβ)in each market r. After changing these
parameters of the model, we solve for the new equilibrium allocation and outcomes,
including wages, output and welfare. For a set of wages {
 Wjt( X)}j,tand a tax policy
(λ, τ), we define the welfare as
  uit( j, (1 + ϕt)τ Wjt (Xi)  λ)],
	
t  = E[max
j

where ϕt is the government spending rule set so that the government budget clears
and profits and tax revenues are distributed among all the workers in proportion to
their earnings:
1   ∑ Π    +    
λ
  
E[τ Wjt (X  
   λ] =  _
E[W  
	
ϕt  ·   
i)
jt
j(Xi)  − τ Wj (X 
i)  ] .
N


government revenue
profits
redistribution
⏟
In other words, we redistribute aggregate profits and government tax revenues to
workers in a n ondistortionary way.
The results are presented in Table 5. They suggest the monopsonistic labor market creates significant misallocation of workers to firms. Eliminating labor and tax
wedges increases total welfare by 5 percent and total output by 3 percent. When we
decompose this change by performing the counterfactuals one at a time, we find
that 4 percentage points of the welfare gains are due to eliminating the labor wedge
while the remaining 1 percentage point is due to eliminating the tax wedge. We also
find that removing these wedges would increase the sorting of better workers to
higher paying firms and lower the rents that workers earn from ongoing employment
relationships. When we decompose this change by performing the counterfactuals
one at a time, we find that nearly all of the change in sorting is due to eliminating the
tax wedge, with the labor wedge having a small impact on sorting.
In interpreting these results, it is important to recall that we assume firms initially
may choose amenities gj( x), but they do not change gj( x)in the counterfactuals. With
better data on, and an instrument for, amenities, it would be interesting to extend this
analysis to allow for firms to adjust amenities in response to these counterfactuals.
VI. Conclusion

The goal of our paper was to quantify the importance of imperfect competition in the
US labor market by estimating the size of rents earned by American firms and workers from ongoing employment relationships. To this end, we constructed a matched
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Table 5—Consequences of Eliminating Tax and Labor Wedges

Log of expected output
Total welfare (log dollars)
Sorting correlation
Labor wedges
Worker rents (as share of earnings):
  Firm level
 Market level

log E[Yjt]
corr(ψjt , xi)
ρ
1 + _____
  r  
βλ
ρr
_________
 
 
ρr  + βλ
1  
 _________
1 + βλ

Monopsonistic
labor market
(1)

No labor or tax
wedges
(2)
11.41
12.21
0.47

0.03
0.05
0.03

1.15

1.00

−0.15

13.3%

12.4%

−0.9%

18.0%

16.7%

−1.3%

11.38
12.16
0.44

Difference between
(1) and (2)

Notes: This table compares the monopsonistic labor market to a counterfactual economy which differs in two ways.
First, we eliminate the tax wedge in the first order condition by setting the tax progressivity (1 − λ)equal to zero.
Second, we remove the labor wedges in the first order conditions of the firms by setting τ requal to the labor wedge
1 + ρr  / (λβ)in each market r. After changing these parameters of the model, we solve for the new equilibrium allocation and outcomes, including wages, output, and welfare. Results are displayed for output, welfare, the sorting
correlation, the mean labor wedge, and worker rents.

e mployer-employee panel dataset by combining the universe of US business and
worker tax records for the period 2 001–2015. Using this panel data, we identified
and estimated an equilibrium model of the labor market with two-sided heterogeneity where workers view firms as imperfect substitutes because of heterogeneous
preferences over nonwage job characteristics. The model allowed us to draw inference about imperfect competition, compensating differentials and rent sharing. We
also used the model to quantify the relevance of nonwage job characteristics and
imperfect competition for inequality and tax policy, to assess the economic determinants of worker sorting, and to offer a unifying explanation of key empirical features
of the US labor market.
When considering the interpretation and generality of our study, we emphasize
a few caveats and extensions. One of these is that we focus on distortions in the
allocation of workers to firms and markets. However, tax and labor wedges may
also distort the choices of whether and how much to work. Relatedly, we do not
consider unemployment, and, as a result, we are reluctant to draw conclusions about
how imperfect competition matters for the impact of minimum wages. Doing so
is an important but challenging task, as it requires identification of the value of
nonemployment and a n onlinear supply curve. We also assume the labor market is
a spot market and, thus, we are unable to analyze the role of long-term contracts
and firm insurance against shocks.21 Furthermore, our structural model makes several simplifying assumptions, partly because of data availability but also to prove
identification. For example, we abstract from observed heterogeneity in preferences
and skills and, moreover, model individual behavior, and hence do not consider any
interdependencies between spouses in the choices of whether and where to work.22
See Balke and Lamadon (2020) for a model and empirical analysis of l ong-term contracts and firm insurance.
Autor et al. (2019) and Blundell et al. (2016) estimate a life cycle model with two earners jointly making
consumption and labor supply decisions. Their findings suggest an important role for consumption smoothing
through household labor supply.
21
22
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Moreover, we assume no mobility costs or search frictions, and we do not explicitly
model human capital investments or work experience. While incorporating these
features would be interesting, it would also present severe challenges to identification, especially if one allows for t wo-sided heterogeneity. Additionally, we focus on
the wage-setting power of firms, and the analyses do not incorporate that firms may
have price-setting power in the product market. Extending the model to allow for
both forms of imperfect competition and how they interact is an important avenue
for future research.23 Lastly, we consider an equilibrium where each firm views
itself as infinitesimal within the market. This assumption is motivated by the fact
that very few firms in the United States have a large share of the local labor market
(as measured by commuting zone). Thus, optimizing firms would essentially ignore
the negligible effect of changing their own wages on the overall supply of workers to the market as a whole. However, if labor markets are sufficiently segmented
(geographically or by industry), it is possible that strategic interactions can play an
important role.24
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