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Sammendrag

I denne artikkelen kvantifiseres betydningen og omfanget av ufullkommen konkurranse i det
amerikanske arbeidsmarkedet ved a estimere stgrrelsen pa monopolprofitten som bedrifter og
arbeidstakere tjener pa lgpende ansettelsesforhold. For dette formalet benytter vi administrative data
med skatteopplysninger for samtlige amerikanske virksomheter og arbeidstakere i perioden 2001-2015
til & konstruere et paneldatasett med koblinger mellom arbeidstakere og arbeidsgivere. Vi beskriver og
kvantifiserer flere viktige karakteristikker ved det amerikanske arbeidsmarkedet, som starrelsen pa
bedriftsspesifikke lannspremier, sortering av arbeidstakere til bedrifter,
produktivitetskomplementariteter mellom arbeidstakere og bedrifter, og overferingen av bedrifts- og

markedsspesifikke sjokk til arbeidstakernes Ignninger.

Med utgangspunkt i disse empiriske resultatene utvikler, identifiserer og estimerer vi en
likevektsmodell for et arbeidsmarked med tosidig heterogenitet, hvor arbeidstakerne ser pa bedrifter
som imperfekte substitutter pa grunn av heterogene preferanser for ikke-pekunizre former for
avlgnning. Modellen tillater oss a trekke slutninger om graden av ufullkommen konkurranse,
kompenserende lgnnsforskjeller, og fordelingen av monopolprofitt mellom bedrifter og arbeidstakere.
Videre bruker vi modellen til a kvantifisere betydningen av ikke-pekunizre former for avlgnning og
ufullkommen konkurranse for inntektsulikhet og skattepolitikk, til & studere de gkonomiske
mekanismene bak sorteringen av arbeidstakere til bedrifter, og til a utarbeide en helhetlig forklaring pa

sentrale empiriske kjennetegn ved det amerikanske arbeidsmarkedet.



1 Introduction

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 existing 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 nat-
ural 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 differently because of
unobserved skill differences, not imperfect competition (see e.g. Abowd et al., 1999; Gibbons
et al., 2005). Another challenge is that observed wages may not necessarily reflect the full com-
pensation 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, 2017) suggest that workers may be willing to sacrifice higher
wages for better non-wage job characteristics or amenities when making firm choices. 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 U.S. 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 data set by combining the universe of U.S. business and
worker tax records for the period 2001-2015. Using this panel data, we describe several important
features of the U.S. labor market, including the size of firm-specific wage premiums, the sorting of
workers to firms, the production complementarities between high ability workers and productive
firms, and the pass through of firm and market shocks to workers’ wages. Guided by these
empirical results, we develop, 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 non-wage 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 U.S. labor market.

In Section 2, we describe the business and worker tax records, which provides us with panel
data on the outcomes and characteristics of U.S. firms and workers. The firm data contain
information on sales, revenues and inputs as well as industry codes and geographical identifiers.
We merge the firm data set with worker tax records, creating the matched employer-employee

panel data. In Section 3, we use this panel data data to describe key features of the U.S. labor

1For a recent review of the literature, see Manning (2011).



market. This description is based on estimates from a statistical model of earnings that allows
us to control for time-invariant unobserved heterogeneity of workers and firms while examining
both the pass through of changes in firm performance to the earnings of its employees as well
as the determinants of the cross-sectional distribution of earnings.

The pass through analysis follows the approach of Guiso et al. (2005), except we allow the
earnings of an incumbent worker to respond differently to an idiosyncratic value added shock
to the current firm than to a (same size) shock to all firms in the same local labor market. The
analysis of cross-sectional earnings inequality builds and extends on the log additive worker and
firm effects wage model proposed by Abowd et al. (1999, AKM hereafter). Unlike AKM, we
allow for interactions between worker and firm effects and we let firm effects evolve over time
as firm shocks pass through to workers’ earnings. In contrast to much of the existing work, we
also attempt to address the concern that estimates of firm effects will be biased upward and
estimates of worker sorting will be biased downward in finite samples, with the size of the bias
depending inversely on the degree of worker mobility among firms (Andrews et al., 2008).

The findings from the statistical model of earnings may be summarized with six broad
conclusions. First, most of the variation in earnings is explained by heterogeneity in the quality
of the workers as measured by their fixed effects. Second, firm effects explain only a few percent
of the variation in earnings. Third, a substantial share of the variation in earnings is due
to positive sorting of better workers to higher paying firms. Our preferred estimates suggest a
correlation between worker effects and firm effects of about 0.4. Fourth, the gains in log earnings
from moving to higher paying firms are considerably larger for better workers. These positive
interaction effects are especially pronounced at the upper tails of the distributions of worker
and firm effects. Fifth, idiosyncratic value added shocks to a firm transmit significantly to the
earnings of its employees. Controlling for time-invariant firm and worker heterogeneity through
a difference-in-differences strategy, we estimate that a 10 percent increase in the value added of
a firm leads to a 1.4 percent increase in the earnings of incumbent workers. Lastly, the earnings
of incumbent workers respond significantly less to an idiosyncratic value added shock to the
current firm than to a (same size) shock to all firms in the same industry and location.

Motivated and guided by these findings, we develop in Section 4 an equilibrium model of
the labor market that builds on work by Rosen (1986), Boal and Ransom (1997), Bhaskar et al.
(2002), Manning (2003), 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. To allow labor supply to be imperfectly elastic, we let multiple 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.?

2There is limited empirical evidence on which non-wage 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,



The importance of workplace amenities has long been recognized in the theory of compen-
sating differentials (Rosen, 1986). This is a theory of vertical differentiation: some employers
offer better amenities than others. Employers that offer favorable amenities attract labor at
lower than average wages, whereas employers offering unfavorable amenities pay premiums as
offsetting compensation in order to attract labor. Our model combines this vertical differentia-
tion with a 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 that wages are an increasing function of firm size. We
assume that employers do not observe the idiosyncratic taste for amenities of any given worker.
This information asymmetry implies that employers cannot price discriminate with respect to
workers’ reservation values. Instead, if a firm becomes more productive and thus wants to in-
crease 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 is determined by 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 is inefficient.
In our model, the market allocation will be inefficient if the firms differ in wage setting power,
and, thus, in the ability to mark down wages relative to the marginal product of labor. 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 5, we take the model to 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. To this end, we first show the restrictions on the model primitives that deliver the
statistical model of earnings used to describe the labor market. This forges a direct link between
our model of the labor market in Section 4 and the panel data analyses in Section 3. Once this
link is established, we proceed by showing how the estimates produced by the statistical model
allow us to recover the model-based quantities of interest. For example, the rents earned by
workers can be measured by the elasticity of the labor supply curve to the firm. This elasticity
can be recovered from the difference-in-differences estimate of the pass through of firm shocks to
incumbent workers’ earnings. Another example is the correlation structure in a worker’s taste for
amenities, which can be identified by comparing difference-in differences estimates of the pass-
through rates of firm versus market level shocks. The estimates of worker effects, firm effects

and worker sorting are also important for identification, allowing us to recover the productivity

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.



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, we take advantage of the estimated interaction
coefficients between worker and firm effects.

The model yields four key findings that we discuss in Section 6. First, there is a significant
amount of rents and imperfect competition in the U.S. labor market due to horizontal employer
differentiation. Workers are, on average, willing to pay 14 percent of their wage to stay in the
current jobs. Comparing these worker rents to those earned by employers suggests that total
rents are divided relatively equally between firms and workers. Second, the evidence of small firm
effects do 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, the primary reason why better workers are sorting into better
firms is production complementarities, not heterogeneous tastes for workplace amenities. These
complementarities are key 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 which would eliminate labor and tax wedges would increase total
welfare by 5 percent and total output by 3 percent.

Our paper relates to a considerable, but largely theoretical, literature on imperfect competi-
tion and rents in the labor market, reviewed in Boal and Ransom (1997) and Manning (2011).
While our model creates wage setting power and rents from horizontal employer differentiation,
alternative micro-foundations of the same imperfectly elastic labor supply curve may be possi-
ble. In such cases, the conclusions drawn about imperfect competition and rent sharing do not
necessarily change. As noted by Manning (2011), the type of monopsony model that we use
can generate a positive relationship between firm-specific productivity and wages that mimics
models in which workers bargain with employers over wages. But in our model, firms set wages
unilaterally and rents are shared only because of information asymmetries. Distinguishing be-
tween alternative sources of imperfect competition and rent sharing is interesting but beyond
the scope of our paper. However, Card et al. (2018) argue that a monopsony type of explanation
for rent sharing is more plausible than one based on worker bargaining power, particularly in
countries that lack strong unions. One interesting implication of the monopsony explanation for
rents is that there is no hold-up problem in the firm’s investment decision. Card et al. (2013a)
find support for this prediction in the data.

The insights from our paper contribute to a large and growing literature on firms and labor
market inequality, reviewed in 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 et al., 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 et al., 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.? These studies typically report estimates of pass-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 U.S. and by showing how the estimated pass 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 AKM. These studies tend to conclude that
firms play an important role in the wage determination, with a typical finding that about 15-
20 percent of the variance of wages is attributable to firm effects (Card et al., 2018). Some
studies interpret the sizable firm effects as evidence of rents and imperfect competition in the
labor market. Our paper contributes to this literature in three ways. First, our study makes
clear that firm effects neither imply nor are implied by rents. The relevant quantity to measure
imperfect competition and rents is the sensitivity of wages to changes in firm productivity, not
the firm effects. Second, we show that firm effects are small in the U.S. labor market, explaining
only a few percent of the variation in earnings. This finding contrasts with recent work from the
U.S. (Sorkin, 2018; Song et al., 2018) as well as many studies from other developed countries
(Card et al., 2018). The reason is that these studies do not address the concern that estimates
of firm effects will be biased upward and estimates of worker sorting will be biased downward
due to limited worker mobility across firms (Andrews et al., 2008). Following the approaches of
Bonhomme et al. (2019, BLM hereafter) and Kline et al. (2018b), we try to correct for these
biases. Both approaches show that firm effects explain very little of the variation in earnings in
the U.S. economy, once one corrects for bias due to limited mobility. Instead, a substantial part
of the variation in earnings is due to positive sorting of high wage workers to high paying firms.
These findings conform to what BLM find for Sweden. Third, we find evidence of non-additivity
in the U.S. wage structure. The interaction effects are economically significant, incentivizing
better workers to sort into productive firms.

Our paper also relates to a literature that tries to measure the role of compensating differ-
entials for wage setting and earnings inequality. This literature is reviewed in Taber and Vejlin
(2016) and Sorkin (2018). Much of the existing evidence comes from hedonic regressions of
earnings on one or more observable non-wage 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 (Bonhomme and

3See e.g. Guiso et al. (2005), Card et al. (2013a), Card et al., 2018, Carlsson et al. (2016), Lamadon (2016),
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 examine the pass through of specific, observable changes. For example,
Van Reenen (1996) studies how innovation affects firms’ profit and workers’ wages. He also investigated patents
as a source of variation, but found them to be weakly correlated with profits. Building on this insight, Kline et al.
(2018a) studies the incidence of patents that are predicted to be valuable. A related literature has examined the
wage and productivity effects of adoption of new technology in firms (see Akerman et al., 2015, and the references
therein).



Jolivet, 2009). However, these estimates could be severely biased, either due to correlations be-
tween observed amenities and unobserved firm characteristics or because of assortative matching
(on unobservables) between workers and firms (see e.g. the discussion in Ekeland et al., 2004).
Several recent studies have used panel data in an attempt to address these concerns. Like
us, Taber and Vejlin (2016), Lavetti and Schmutte (2017), 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 generate imperfect competition ,wage 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 ex-ante worker heterogeneity in produc-
tivity and preferences which generate sorting between firms and workers, in contrast to, for
example, Sorkin (2018). Our estimates suggest that worker heterogeneity and sorting are em-
pirically important features of the U.S. 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 the (idiosyncratic taste for) ameni-
ties 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.*

2 Data Sources and Sample Selection

2.1 Data sources

Our empirical analyses are based on a matched employer-employee panel data set with infor-
mation on the characteristics and outcomes of U.S. workers and firms. This data is constructed
by linking U.S. Treasury business tax filings with worker-level filings for the years 2001-2015.
Below, we briefly describe data sources, sample selection, and key variables, while details about
the data construction and the definition of each of the variables are given in Online Appendix
A.

Business tax returns include balance sheet and other information from Forms 1120 (C-

corporations), 1120S (S-corporations), and 1065 (partnerships). The key variables that we

4Tax theory in the Mirrlees (1971) tradition generally assumes the labor markets are perfectly competitive. A
notable exception is Cahuc and Laroque (2014) who develop a model for optimal taxation under monopsonistic
markets. A larger literature considers tax design in situations with search frictions. See Yazici and Sleet (2017)
and the references therein.



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 NAICS code.
We define a market as the combination of an industry and a commuting zone. At times we will
aggregate these markets according to the combination of Census regions (Midwest, Northeast,
South, West) and broad sectors (Goods and Services). We will refer to this classification as
broad markets.

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 IRS. These forms are filed by the firm on behalf of the worker and provide the firm-
worker link. We express all monetary variables in 2015 dollars, adjusting for inflation using the

Consumer Price Index.

2.2 Sample Selection

In each year, we start with all individuals aged 25-60 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 U.S. business tax
records (see, e.g., Song et al., 2018). 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 U.S. Census data (see, e.g., Barth et al., 2016), but a less
aggregated concept than a parent corporation. As a robustness check, we investigated 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 full-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., 2018). 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 work
full-time at the federal minimum wage. As a robustness check, we investigate the sensitivity of
our results to other choices of a minimum earnings threshold. We further restrict the sample to
firms with non-missing 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 with the same

employer for eight consecutive years. This restriction is needed to allow for a flexible specification

5Tn the baseline sample, the AKM (BLM) estimates of firm effects are around 10 (3) percent. By comparison,
the restricted sample gives AKM (BLM) estimates of approximately 9 (3) percent.
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‘Workers Firms

Panel A. Baseline Sample

Unique Observation-Years Unique Observation-Years

Full Sample: 89,570,480 447,519,609 6,478,231 39,163,975
Panel B. Movers Sample

Unique Observation-Years Unique Observation-Years
Movers Only: 32,070,390 207,990,422 3,559,678 23,321,807
Panel C. Stayers Sample

Unique 6 Year Spells Unique 6 Year Spells
Complete Stayer Spells: 10,311,339 35,123,330 1,549,190 6,533,912
10 Stayers per Firm: 6,297,042 20,354,024 144,412 597,912
10 Firms per Market: 5,217,960 16,506,865 117,698 476,878

Table 1: Overview of the Sample

Notes: This table provides an overview of the full sample, movers sample, and stayers sample, including the
steps involved in defining the stayers sample.

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 six-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
10 such stayers and markets with at least 10 such firms, which helps to ensure sufficient sample
size to perform the analyses at both the firm and the market level. 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. 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 at least two movers. This restriction might help reduce the limited mobility
bias. It also makes it easier to directly compare the AKM and BLM estimates of firm effects to
those produced by the approach of Kline et al. (2018b) (which requires at least two movers per
firm). The movers sample includes 32.1 (3.6) million unique workers (firms).

Table 1 compares the size of the baseline, the stayers, and the movers samples. Detailed
summary statistics of these samples of linked firms and worker are given in Online Appendix
Table A.1. 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 geographic 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.

3 Key features of the U.S. labor market

In this section, we use the panel data on workers and firms to describe key features of the U.S.

labor market. We begin by describing the statistical model of earnings that we will apply to this
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data. Next, we present the empirical findings, and then discuss how they motivate and guide

our choices of how to model the labor market.

3.1 Statistical model of earnings

We assume that workers’ earnings can be described by the following equation:
log Wy = X[,0 + wyy, (1)

where W;; denotes the earnings for individual i in year ¢, X;; is a vector of covariates which
includes a full set of indicators for calendar years and a cubic polynomial in age, and w;; denotes
log earnings net of age effects and common aggregate time trends. As described below, we allow
w;; to depend on both the workers’ own productivity and the firm in which she works. Our

measure of firm performance is value added, which is determined by the equation:
log i = Z{¢p + yjt, (2)

where Y}; denotes the value added for firm j in year ¢, Z; includes a full set of indicators
for calendar years, and y;; is log value added net of common aggregate time trends. The key
elements of equations (1) and (2) are the time series properties of w;; and y;¢, which we now

specify.

3.1.1 Specification of processes

We assume that y;; evolve according to the following process:

Yje = G+ Y5 + &ie + 0¥ (3)
y;]t = y;')tfl + ujit,

Ujt = Ujt + Up(j),L

where 7(j) denotes the market of firm 7, ¢; is a fixed effect for the firm, and the time-varying part
of y;; is decomposed into a permanent component, assumed to follow a unit root process with
innovation shock u;¢, and a transitory component, which is assumed to follow a MA(1) process
with coefficients 0¥ and innovation variance ag. The permanent innovation wu;; consists of a
common innovation to all firms in a given market r, @, (;)+ = E [uj:|r(j)=r], and an idiosyncratic
innovation specific to the firm, w;; = wji—y(jy,-

We assume that w;; evolve according to the following process:

Wit = Gy + wh + vig + 0%y (4)

wiy = Wiy + V(i) + Vle,e + it

where j(i,t) and r(4,t) denote the firm and market of worker ¢ in year ¢, and ¢;; is a fixed effect

for worker ¢ if she works in firm j. The time-varying part of w;; is decomposed into a permanent
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component w?, and a transitory component, assumed to follow a MA (1) process with coefficients
§* and innovation variance 2. The permanent earnings component evolves for three reasons:
worker-specific innovations p;;, pass through of firm-specific value added shocks ;) ¢+, and

pass through of market level value added shocks T'u,.; ¢ ¢-

3.1.2 Parameters of interest and assumptions

Our interest is centered on two aspects of this statistical model of earnings. The first is how
changes in firm performance affect the earnings of incumbent workers, as measured by the pass-
through rates v and 7. The second is the determinants of the cross-sectional distribution of
earnings, which we measure by decomposing ¢;; into components that capture worker hetero-
geneity, firm-specific wage premiums, worker sorting, and interactions between worker and firm
effects.

For these purposes, it is necessary to invoke some restrictions on the statistical model of
earnings. Let J = {j(i,t)}i¢ and U = {t¢, Up(j) 1}, and Q = {&;:};,:. We make the following

assumptions:
Assumption 1. E[§;,|r(j)=r, J, U] = E [ &i|r(G)=r, J, U]l = 0 for all j,r.t,t'.
Assumption 2. E [y, v J,U, Q] =0 for all i,t.

Assumption 1 is the same restriction on the error structure of the value added process as in Guiso
et al. (2005). It implies that transitory shocks to value added are mean zero and uncorrelated
with past transitory shocks to value added. Assumption 2 is a condition on the relationship
between the worker-specific innovations to earnings, worker mobility, and innovations to firm
value added. The assumption embodies two types of economic restrictions. The first restriction,
from conditioning on j (4, t), implies that mobility is exogenous to the worker-specific innovations
to earnings (which are paid to the worker independent of the choice of firm). This is the
same restriction on worker mobility as invoked in the Abowd et al. (1999) model. The second
restriction, from the conditioning on the innovations to firm value added, implies that the
worker-specific innovations to earnings neither co-vary across coworkers nor with shocks to firm
value added. This is the same restriction as in Guiso et al. (2005).

It is important to observe what is not being restricted under Assumptions 1 and 2. First,
we do not restrict whether or how workers sort into firms according to the worker effects, the
firm effects, or the interactions between the worker and firm effects. Second, we do not restrict
whether or what type of workers move across firms in response to innovations to firm value
added. In fact, workers with different values of ¢;; may have arbitrarily different mobility
patterns. Third, the statistical model of earnings does not specify why individuals choose the
firm that they do. However, it also does not preclude the possibility that individuals choose firms
to maximize earnings or utilities. For instance, Assumptions 1 and 2 are consistent with each
worker choosing the firm that offers his preferred combination of wages and non-wage attributes,

as shown in Section 5.
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3.2 Pass through of firm shocks

In this section, we are interested in estimating the parameters v and 7", which we refer to as
the pass-through rates of firm-specific and market level value added shocks. Before presenting
estimates of the pass-through rates, we show how these parameters can be identified through a
difference-in-differences (DiD) strategy.

3.2.1 Identification, moment conditions and DiD representation

To compare with existing work, we first consider a special case of the statistical model of earnings
where v = 7. That is, we assume the pass-through rate of an idiosyncratic value added shock to
the current firm is of the same size as the pass-through rate of a value added shock to all firms
in the current market. We focus on the sample of stayers as captured by the indicator variable
Si =1[j(, 1)=...=5(3,T)].

As shown in Lemma 1 in Online Appendix B.5, Assumptions 1 and 2 give the following

moment conditions:

E [Ayjii (Wittr = Wit—rr =7 (Y5664 ~ Yj()a-r)) [Si=1] =0 (5)
forr>2,7>3

Solving for v we identify the pass through of a firm-specific shock to the earnings of incumbent

workers:

L B[ War = i) 1Si=1]
E [Ay;ay (Y0 — Yiti)t—r) [8i=1]

Thus, we can identify the pass through of a firm-specific shock from our panel data on firms

and workers.

DiD interpretation

To interpret this identification result and assess the underlying assumptions, note that the sta-
tistical model of earnings includes fixed effects for time and agents. By controlling for these fixed
effects we obtain a DiD strategy, looking within workers and firms while eliminating common
changes over time in the labor market or the economy more generally. To see the DiD represen-
tation, suppose for simplicity the workers can be assigned to two groups of firms: one half has
Ay = +6 and the other half has Ay;;)y = —d . We then get the following interpretation of
v as the ratio of two DiDs.

E [wit+r — wit—r|+0,8i=1] = E [Wit4r — wit—r/|=6, 5;=1]
E [yj)t4r — Yj),t—r |46, 9i=1] = E [Y;0),047 — Yj(i),e—r|—0, Si=1]

Under an assumption of common underlying trends between the two groups, the numerator
gives the treatment effect on log earnings; the denominator gives the treatment effect on log

value added; and the ratio gives the elasticity of earnings with respect to value added.
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Graphical evidence

In Figure 1, we empirically assess the DiD strategy. The figure is constructed in the following
way: In any given calendar year (denoted period ¢t = 0), we i) order firms according to the
increase Ayj;; ii) separate the firms at the median in the distribution of Ay;;y, letting the
upper half constitute the treatment firms and the lower half the control firms; and iii) plot
the differences in y;; between these two groups in period ¢ = 0 as well as in the years before
(periods t < 0) and after (periods ¢ > 0). We perform these three steps separately for various
calendar years, always weighting each firm by the number of workers. The solid (dashed) black
line represents the difference in log value added (wages) for the treatment and control firms
where each firm is weighted by the number of workers.

By construction, the treatment and control groups differ in the value added growth from
period t—1 to period t. On average, firms in the treatment group experience about 30 percentage
points larger growth in value added as compared to firms in the control group. According to the
value added process (3), the growth in value added should be the sum of a permanent component
and a transitory, mean-reverting component. Due to the transitory component, Ay;y, could
be correlated with Ay;), at 7 = ¢ —2,...,¢t + 2. However, Ay;;); should be orthogonal to
Ay, in the periods before 7 = ¢ — 2 and after 7 = ¢ 4 2. Consistent with this orthogonality
condition, the figure shows a very similar trend in log value added between the treatment and
control group at these periods. Reassuringly, firms that experienced large growth in value added
in period 0 are no more or less likely to experience large growth in value added in periods -6 to
-3 or in periods 3 to 6.

The dashed black line performs the same exercise, but this time for log wages of incumbent
workers who stay in the firm in all six years. On average, workers in treatment firms experience
an additional 5 percentage points increase in earnings in period 0 as compared to workers in
the control firms. Interpreted through the lens of the DiD design, this finding suggests a pass-
through rate of firm shocks v above .15. The growth in earnings is also the sum of a permanent
component and a transitory, mean-reverting component. Therefore, Aw;; could be correlated
with Aw;- at 7 =t — 2,...,t + 2, but it should be orthogonal to Aw;, in the periods before
7 =t — 2 and after 7 = t + 2. Reassuringly, the dashed line shows a very similar trend in log

earnings between workers in the treatment and control group during these periods.

Firm versus market level shocks

We now shift attention to the general case where v may differ from 7, thereby allowing the
earnings of an incumbent worker to respond differently to an idiosyncratic value added shock
to the current firm than to a (same size) shock to all firms in a given market. To identify the
firm-level pass-through rate -y, we then need to demean the variables of interest using a within
market times year transformation, Wy = wy — E [wi|r(i, t)=r] and g = y;¢ — E [y;¢|r(j)=r]. As
shown in Online Appendix B.5, Assumptions 1 and 2 then give the following moment conditions

that we can use to identify the pass-through rates of firm-specific value and market level added
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Figure 1: Difference-in-differences representation of the estimation procedure

Notes: This figure displays the mean differences in log value added (solid lines) and log earnings (dotted lines)
between firms that receive an above-median versus below-median log value added change at event time zero.
Results are presented for the unconditional measures of log value added and log earnings (black lines), 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
pass-through rate.

shocks by solving for v and T :

J=0 (6)
E [Agj(i),t (wit—i-r — Wip—gr — 1 (gj(i),tJrT - ?j(i),pr/)) |Si:1] 0 (7)
fort>2,7>3

E [Agj(i),t (@mrr — Wit—r — ¥ (Yja) pr — gj(i),t—-r’)) |Si=1

where 9,jy.+ = E[y;¢|r(§)=r] and w,(;)+ = E [wje|r(j)=r].

The red and blue lines in Figure 1 represent the differences between the treatment and control
group in (Wi, ;¢) and (Wy(; 1) ¢, Yr(5),¢) Over time. These lines are constructed in the same way as
the black lines, except the red and blue lines use the demeaned variables w and § and the market
averages w and ¥, respectively. Comparing the red solid line to the red dashed line reveals that
conditioning on the full set of year times market fixed effects attenuates slightly the treatment
effect on log earnings relative to the treatment effect on log value added. Interpreted through the
lens of the DiD design, this finding suggests the estimated pass-through rate of a firm-specific
shock will be slightly lower once we allow for 1" to differ from . By way of comparison, the DiD
applied to the market averages of wages and value added suggests a relatively large estimate of
T. Thus, we expect the estimated pass-through rate of an idiosyncratic value added shock to

the current firm v to be smaller than the pass-through rate of a same size shock to all firms in
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the market 7.

3.2.2 Estimates of the pass-through rates

To obtain point estimates and standard errors of the pass-through parameters, we jointly esti-
mate the earnings and value added processes (3) and (4) using generalized method of moments
(GMM). These processes are estimated on the stayers sample, pooling the data for all years but
taking out common calendar year effects. The parameter estimates are summarized in Table 2.
We refer to Online Appendix B.5 for the full set of parameter estimates and for details on how
the processes are estimated. Specification checks are reported in Online Appendix Table B.1,

supporting our main specification of the time series properties of w;; and y;;.

Main results

To compare with existing work, we first consider the estimation results from the restricted
specification that imposes 7 = 7. These results are reported in the first two columns of Table
2. The standard deviation in log earnings growth is 0.17. Decomposing the variance in log
earnings growth, we find that almost 40 percent is due to permanent shocks at the worker level,
58 percent can be attributed to transitory shocks at the worker level, and 3 percent is due to the
pass through of permanent shocks to value added at the firm level. The estimated pass-through
rate 4 is 0.14 with a standard error of 0.01, suggesting that a 10 percent permanent increase
in the value added of the firm leads to a 1.4 percent permanent increase in the earnings of
incumbent workers.

As shown in the last two columns of Table 2, however, the estimated pass through differs
materially depending on whether the shock is specific to the firm or common to all firms in the
same market. Conditional on the full set of year times market fixed effects, the pass-through
rate of a firm-level shock is very precisely estimated at 0.13. By way of comparison, a common
shock to firms in the same market has a much larger pass through. The estimated market pass-
through rate T is 0.18 with a standard error of 0.02, suggesting 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 common to workers in a market.

Our specification of the earnings process allows permanent shocks to value added to be
transmitted to workers’ earnings, whereas transitory firm shocks are not. As a specification
check, we allow transitory innovations to value added to transmit to workers’ earnings. We find
little if any pass through of transitory shocks. As a result, transitory shocks explain as little as
0.1 percent of the variation in log earnings. This finding is consistent with previous work (see
e.g. Guiso et al. 2005; Friedrich et al. 2019). A possible interpretation of this finding is that
transitory changes in value added reflect measurement error that do not give rise to economic
responses. In the remainder of the paper, we will treat the transitory changes in value added as

measurement error and focus on the pass through of the permanent shocks.
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Parameters and Growth Decomposition

Firm Only Accounting for Markets
Parameter Var. (%) Parameter  Var. (%)
Permanent Worker Shock (Std. Dev.) 0.10 39.5% 0.10 38.1%
(0.00) (0.00)
Transitory Worker Shock (Std. Dev.) 0.13 57.6% 0.13 57.4%
(0.00) (0.00)
Permanent Firm Shock Passed-through (Std. Dev.) 0.03 2.8% 0.02 1.8%
(0.00) (0.00)
— Permanent Firm Shock Passthrough Coefficient 0.14 0.13
(0.01) (0.01)
Transitory Firm Shock Passed-through (Std. Dev.) 0.00 0.0% 0.00 0.0%
(0.00) (0.00)
— Transitory Firm Shock Passthrough Coefficient -0.01 0.00
(0.01) (0.00)
Market Shock Passed-through (Std. Dev.) 0.02 1.1%
(0.00)
Market Shock Passthrough Coefficient 0.18
(0.02)

Table 2: GMM estimates of the earnings and value added processes

Notes: This table displays the pass-through rates and the decomposition of earnings growth of the joint
processes of log value added and log earnings. These results come from joint estimation of the earnings and
value added processes (3) and (4) using GMM. Columns 1-2 report results from the specification which imposes
T =~ (“Firm only”), while columns 3-4 report results from the specification which allows 7" to differ from ~
(“Accounting for Markets”). “Var. (%)” refers to the percent of log earnings changes explained. The variance
explained by transitory worker shock refers to the share of the total variance explained by the MA(1) process.
The variance explained by permanent firm (market) shock passed-through refers to the share of the total
variance explained by permanent value added shocks at the firm (market) level that are passed through to
workers’ earnings. Standard errors are estimated using 40 block bootstrap draws in which the block is taken to
be the market. See Online Appendix Table B.1 for the full set of parameter estimates (Panel A) and for results
from the MA(2) specification of the transitory process (Panel B)

Heterogeneity and robustness

In Online Appendix Figure B.1, we explore heterogeneity and robustness of the pass through
estimates. This figure reports separate estimates of the earnings and value added processes (3)
and (4) for each subgroup of stayers. Conditional on a full set of year times market fixed effects,
we find that the pass-through rates do not vary that much by the worker’s age, previous wage,
or gender. Moreover, the pass through rates do not change materially if we restrict the sample
to new workers who were first hired at the firm in the beginning of the eight year employment
spell versus those that have stayed in the firm for a longer time.

In Online Appendix Figure B.1b, we present results from several specification checks. Fol-
lowing Guiso et al. (2005), our main measure of firm performance is value added. They offer two
reasons for using value added as a measure of firm performance. First, they argue, value added
is the variable that is directly subject to stochastic fluctuations. Second, firms have discre-
tionary power over the reporting of profits in balance sheets, which makes profits a less reliable
objective to assess. Nevertheless, it is reassuring to find that the estimates of the pass-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.
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We also show that the estimated pass-through rate is in the same range as our baseline result if
we exclude multinational corporations (for which it can be difficult to accurately measure value
added) or exclude the largest firms (that are more likely to have multiple plants, which may not

necessarily have the same wage setting).

3.3 Worker heterogeneity, firm wage premiums and worker sorting

We now turn attention to quantifying the importance of worker heterogeneity, firm wage premi-
ums, worker sorting, and interactions between worker and firm effects as sources of inequality
in the U.S. labor market.

3.3.1 Two-way (worker and firm) fixed effect model

To begin with, we consider a special case which assumes that ¢;; = x; +; and that y =7 = 0.
The first restriction imposes a log additive structure on the earnings that worker i can expect
to receive from working in firm j. Under this functional form, the worker fixed effect captures
the (time-invariant) portable component of earnings ability, whereas the firm fixed effect can
be interpreted as a firm-specific relative pay premium. The second restriction assumes there is
no pass through of firm or market level shocks. As a result, the firm effects on earnings do not
vary over time. By invoking these two restrictions, our statistical model of earnings reduces to
the two-way (worker and firm) fixed effect model of AKM.

Under the above restrictions, the variance of log earnings can be written as:

Var(logWiy) = Var(z; + X;,b) + Var(yji) +2Cov(z; + Xib, i)+ Var(er)  (8)

Worker component  Firm component Sorting component Residual

where the worker and firm components tell us how much of the variation in log earnings can
be attributed to heterogeneity in worker and firm effects, respectively. The third component
captures the contribution to earnings inequality from the sorting of workers to firms. The goal
is to quantify these three components to draw inference about the determinants of earnings
inequality in the U.S. economy. The decomposition includes both workers who move between
firms and stayers. However, the firm and worker effects are only separately identified within a
connected set of firms that are linked by worker mobility. Consistent with previous work, we
therefore restrict our sample of workers (including stayers and movers) to those who work at a
firm in the largest connected set in each time interval (2001-2008 and 2008-2015). In the U.S.,

this set covers more than 90 percent of the workers (see Online Appendix Table B.2).

Limited mobility bias

Even if the above restrictions hold, it is challenging to draw inference about the inequality
contribution from firm effects and worker sorting. A key challenge is the incidental parameter
bias caused by the large number of firm-specific parameters that are solely identified from workers

who move across firms. The analysis of Andrews et al. (2008) suggests this limited mobility bias
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Figure 2: Empirical Characterization of Limited Mobility Bias

Notes: In this figure, we consider the subset of firms with at least 15 movers. We randomly remove movers
within each firm and re-estimate the variance of firm effects using the AKM and BLM estimators. For each
estimator, we repeat this procedure several times, and then take averages of the variance estimates across these
repetitions. The procedure allows us to keep the connected set of firms approximately the same and examine
the bias that results from having fewer movers available in estimation.

can be substantial. With few movers per firm, the firm component is biased upwards while the
sorting component is biased downwards, with the size of the bias depending inversely on the
degree of worker mobility among firms.

To get a better sense of the scope for limited mobility bias in the U.S. data, we would ideally
apply the AKM estimator to alternative samples of workers and firms that are comparable
except for the number of movers per firm. Figure 2 presents the results from such an analysis,
suggesting that the variance of firm effects declines monotonically as the number of movers
per firm increases. To construct this figure, we consider a subsample of firms with reasonably
many movers; that is, at least 15 movers per firm over the period 2001-2008. Applying AKM
to this subsample gives an estimate of the variance of firm effects of 6.7 percent. Next, we
remove movers randomly within firms (keeping the connected set of firms approximately the
same) before re-estimating the AKM model. The solid line displays the AKM estimates of
the variance of firm effects after randomly removing movers. Consistent with limited mobility
bias, the fewer the number of movers per firm, the larger the variance of firm effects. For
approximately the same set of firms, the estimated variance of firm effects is several times as
large (23 percent) if we only keep ten percent of the movers within each firm (on average, 7
movers per firm) as compared to what we obtained if we keep all the movers per firm (at a
minimum 15 and, on average, 62 movers per firm). By way of comparison, there are around
18 movers per firm in the full estimation sample (which roughly corresponds to the number of

movers per firm when randomly removing 40% of movers).

20



Until recently, the procedures for addressing limited mobility bias required strong and ques-
tionable assumptions about the covariance structure of the time-varying errors (see e.g. the
discussion in Card et al., 2018). To address this shortcoming, BLM and Kline et al. (2018b)
propose approaches to address limited mobility bias that rely on a different or weaker set of
assumptions.® The first approach reduces the dimension of firm heterogeneity to a finite num-
ber of types. BLM show how this approach can be used to alleviate the biases arising from
low mobility rates. The second approach uses a version of the Jackknife method. Kline et al.
(2018b) show how this approach allows one to relax the homoskedasticity assumption in the bias
correction procedure proposed by Andrews et al. (2008). Since it is computationally infeasible
to apply Andrews et al. (2008) and Kline et al. (2018b) to very large data sets (as one needs
to compute the trace of the inverse of the mobility matrix), our main analysis is based on the
approach of BLM. As a robustness check, however, we use a subset of the U.S. states to assess
the sensitivity of the results to the choice of procedure for addressing limited mobility bias.

In Figure 2, the dotted line shows estimates of the variance of firm effects based on the
procedure of BLM that addresses limited mobility bias. As described in Section 5.4, firms are first
classified into groups based on the empirical earnings distribution using the k-means clustering
algorithm. The k-means classification groups together firms whose earnings distribution is most
similar. Then, in a second step, the worker effects and firm effects are estimated. While the
specification of BLM in Figure 2 assumes there exists 10 firm types, Online Appendix Figure
B.4 shows the BLM estimates do not materially change if we instead allow for 20, 30, 40 or
50 firm types. Consistent with limited mobility bias, the BLM estimates are noticeably smaller
than the standard AKM estimates in the samples with few movers. As expected, the AKM
estimates become more similar to the BLM estimates when there is a large number of movers

per firm, and thus, limited mobility bias should be small.

Estimates of worker effects, firm effects, and worker sorting

While the analysis in Figure 2 is useful to illustrate the scope for limited mobility bias, it does
not offer estimates of firm effects for the entire connected set. In Table 3, we present results
from the variance decomposition in (8) based on data for all firms and workers in the connected
set (which includes both workers who move between firms and stayers). This table reports
estimates of the worker, firm and sorting components as defined in equation (8).

Consider first Panel A of Table 3 where we present estimates from the AKM estimator for two
different time periods (2001-2008 and 2008-2015) as well as pooled estimates where we combine
the data from these time periods. The results show that the worker, firm and sorting components
change little over time. Therefore, we focus attention on the pooled estimates. These results
suggest that the firm effects explain around 9 percent of the variation in log earning, whereas
worker sorting accounts for 5 percent. The correlation between firm effects and worker effects

is only 0.1.

5Borovickova and Shimer (2017) propose a different approach that redefines firm types as the average firm wage
rather than the wage premium, and relies on independence restrictions to recover the variance decomposition for
this alternative definition.
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Next, consider Panel B of Table 3 where we report the BLM estimates. As discussed above,
a possible advantage of the BLM estimator is that it addresses limited mobility bias. Once we
correct for such bias we find that firm effects are very small in the U.S. labor market, accounting
for only 3 percent of the variation in log earnings. Instead, a larger part of the earnings variation
is explained by worker sorting. The correlation between firm effects and worker effects exceeds
0.4 once we correct for limited mobility bias. This finding suggests that sorting of better workers
to better firms is an empirically important feature of the U.S. labor market.

Our findings of small firm effects and strong sorting are at odds with recent work from the
U.S. (Sorkin, 2018; Song et al., 2018) as well as many studies from other developed countries
(Card et al., 2018). We argue the reason is that the existing literature do not properly address
the concern over limited mobility bias.” This raises questions such as: How do our results from
the AKM estimator compare to those reported in the existing literature? Are the bias-corrected
estimates sensitive to the procedure used?

To examine the first question of how our AKM results compare to existing work, consider
Song et al. (2018, using SSA data from all U.S. states) and Sorkin (2018, using LEHD data for
a subset of states). Both studies apply the AKM estimator, finding that firm effects explain 12
percent (Song et al., 2018) and 14 percent (Sorkin, 2018) of the variation in log earnings.® By
comparison, our AKM estimates suggest that firm effects explain 9 percent of the variation in
log earnings. The key reason for this discrepancy seems to be the sample restrictions. We only
include workers with earnings above the full-time minimum wage threshold. By comparison,
Song et al. (2018) and Sorkin (2018) include individuals who work part time as long as their
annual earnings exceed 25 percent of the full-time minimum wage threshold. In Online Appendix
Figure B.2, we investigate what happens if we use their earnings cutoff. The AKM estimates
then suggest that firm effects explain 11 percent of the variation of log earnings, which is nearly
identical to the estimate of Song et al. (2018) and fairly similar to Sorkin (2018). This figure
also shows estimates for a range of alternative earnings cutoffs. While the total log earnings
variance increases substantially as the earnings cutoff decreases, the share of variation explained
by AKM firm effects is relatively stable.

To investigate the second question of the sensitivity of the bias-corrected estimates, we
restrict attention to workers and firms from a set of smaller states. This is necessary because it
is computationally infeasible to apply Andrews et al. (2008) and Kline et al. (2018b) to the entire
U.S. data. Online Appendix Figure B.5 compares the results from these alternative procedures
for correcting for limited mobility bias to the estimates from BLM and AKM. The conclusion is
clear: Limited mobility bias leads to upward bias in the AKM estimate of the firm component

and downward bias in the AKM estimate of the worker sorting component. On average across

7Sorkin (2018) and Song et al. (2018) point out that limited mobility may bias their AKM estimates. In
an attempt to investigate this issue, Sorkin (2018) also performs a few checks, including restricting the sample
to large firms and splitting the sample in half on the basis of workers (which lets him compare results from
two separate samples). Limited mobility bias, however, is about having few movers per firm, not small firms.
Furthermore, the checks he perform involve significant changes in the composition of firms and workers in the
estimation sample, in part because the connected set changes. Thus, it is not clear what, if any, conclusions one
may draw about limited mobility bias from these checks.

8See Song et al. (2018), Appendix Table 2, and Sorkin (2018), Appendix Table 1.
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Years: 2001-2008 2008-2015 Pooled

Panel A. AKM Estimation
Share explained by:
i) Worker Effects Var(x;) 75% 75% 75%
ii) Firm Effects ~ Var(y;)) 9% 9% 9%
iii) Sorting 2C0v(xi, V() 5% 6% 5%
Sorting Correlation:  Cor(z;, ¥;(;)) 0.09 0.11 0.10
Panel B. BLM Estimation
Share explained by:
i) Worker Effects Var(z;) 72% 72% 72%
ii) Firm Effects ~ Var(y;)) 3% 3% 3%
iii) Sorting 2Cov(x4,(i) 13% 14% 14%
Sorting Correlation:  Cor(z;, ¥;(;)) 0.43 0.46 0.44

Table 3: Decomposition results using AKM and BLM

Notes: This table presents the decomposition of log earnings variation using the AKM and BLM estimators for
two time intervals. The analysis uses both workers who move between firms and stayers.

the states we consider, AKM suggests that firm effects explain more than 11 percent of the
variation in log earnings. By contrast Andrews et al. (2008) and Kline et al. (2018b) suggest
that firm effects explain about 5 percent, whereas the BLM method produces an estimate of

firm effects around 2-3 percent.
Inequality within and between firms
We now shift attention to describing the inequality within and between firms. To do so, we

follow Song et al. (2018) in expressing the variance of log earnings as:

Var(logWit) = Var (log Wi — E [log Wit|j(i,t) = j]) + Var (E [log Wit|j(i,t) = j]) (9)
Within—firm Between—firm

=Var(z; + Xiltb —E[z; + ‘Xi,tb|j(i7 t) = j]) + Var(eu),
——

‘Worker heterogeneity within firms Residual
+Var () +2Cov (zi + Xjpb,vj,) + Var (B + Xbl5 (i, t) = j])

Firm effects Sorting Segregation

where the first equality expresses the variance of log earnings in terms of inequality within and
between firms, and the second equality decomposes these terms into economically interpretable
subcomponents. Our interest is centered on the last three subcomponents, which capture distinct
sources of inequality between firms: dispersion of firm pay premiums (“Firm effects”); sorting of
high earning workers into high paying firms (“Sorting”); and worker segregation which reflects

differences in the quality of the workforce across firms (“Segregation”). Both worker sorting
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and segregation reflect non-random allocation of workers to firms. However, sorting matters for
aggregate inequality, whereas segregation does not. This is because an increase in segregation
will be offset by a reduction in within-firm inequality. Thus, changes in segregation by itself does
not affect earnings inequality; it does, however, matter for the relative importance of inequality
within versus between firms.

To perform the decomposition in (9), we use exactly the same sample as in Table 3 which
includes both workers who move between firms and stayers. The results are presented in Table
4. In Panel A, we report the terms in the first equality. We find that around one-third of the
variance of log earnings can be accounted for by the dispersion of average earnings between
firms. The remainder is due to heterogeneity across workers within firms. A comparison of the
estimates across the two first columns suggests the between firm component has become slightly
more important for inequality over time. This finding is broadly consistent with the results
reported in Song et al. (2018).°

In the next two panels of Table 4, we use the procedures of AKM and BLM to estimate
the subcomponents from the second equality. There are three main findings from this analysis.
First, a vast majority of the inequality within firms can be accounted for by the observable
characteristics and the fixed effects of the workers. Indeed, only 16 percent of the within-firm
inequality reflects time-varying unobservables of the worker. Second, once one addresses limited
mobility bias then firm effects explain only 10 percent of the inequality between firms. By
comparison, sorting of high earning workers to high paying firms accounts for 40 percent while
the remaining 50 percent can be attributed to worker segregation that is unrelated to firm pay
premiums. Third, there seems to be little if any changes in the relative importance of firm
effects, worker sorting and segregation over the time intervals we consider.

Our finding of the inequality contribution from firm effects changing little over time is con-
sistent with Song et al. (2018), albeit their analysis uses AKM and thus suffers from limited
mobility bias. Table 4 reveals, however, that this bias does not change materially over the
time intervals we consider. As a result, bias correction seems to be empirically important for
accurately describing the cross-sectional distribution of earnings in the U.S., but not for under-

standing the growth in earnings inequality.'®

3.3.2 Extensions

The assumptions that ¢;; = x; +¥; and v = 7 = 0 implies strong restrictions on the wage
structure. The absence of interactions between worker and firm effects rules out strong comple-
mentaries in production, as in Shimer and Smith (2000) and Eeckhout and Kircher (2011). The

9The analyses in Song et al. (2018) is based on data from 1978 to 2013. Over this longer time period, they
show that earnings inequality increased considerably, primarly due to a significant rise in the dispersion of average
earnings across firms. During the period we consider, however, Song et al. (2018) also report a modest increase
in earnings inequality, overall and between firms.

10Song et al. (2018) also argue that increases in sorting and segregation caused a large increase in between-firm
inequality from 1981 to 2013. At first sight, it would seem like this is inconsistent with our findings. However,
most of these increases happen before our data start. During the intervals since 2001 that we consider, Song
et al. (2018) report modest increases in the contributions to between-firm inequality from sorting and segregation
and a modest decrease from firm effects, consistent with our AKM estimates.
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Years: 2001-2008 2008-2015 Pooled
Panel A. Total Decomposition
Within Firm Share: Var(wy — Elwg|j]) 67% 64% 66%
Between Firm Share: Var(Elwg|j]) 33% 36% 34%
Panel B. AKM Decomposition
Shares of Within Firm Variance:

Worker Heterogeneity: Var(z; + X[;b — E[z; + X[,bl7]) 84% 85% 84%

Residual: Var(ei) 16% 15% 16%
Shares of Between Firm Variance:

Firm Effects: Var(i;) 27% 25% 26%

Segregation: Var(Elz; + X[,blj]) 58% 59% 59%

Sorting: 2Cov(z; + X|,b, ;) 15% 16% 15%
Panel C. BLM Decomposition
Shares of Within Firm Variance:

Worker Heterogeneity: Var(z; + X[,b — E[z; + X[,b]5]) 83% 84% 84%

Residual: Var(e;) 17% 16% 16%
Shares of Between Firm Variance:

Firm Effects: Var(vy;) 10% 10% 10%

Segregation: Var(Elx; + X/,blj]) 50% 50% 50%

Sorting: 2Cov(z; + X[,b, ¥;) 40% 40% 40%

Table 4: Decomposition of Inequality Within and Between Firms using AKM and BLM

Notes: This table presents the decomposition of log earnings variation within and between firms using the
AKM and BLM estimators for two time intervals. The analysis uses both workers who move between firms and
stayers.

assumption of no pass through of firm and market shocks is at odds with our data and a large
body of evidence from many other developed countries. Thus, investigating these assumptions

seems important to draw credible conclusions about the functioning of the U.S. labor market.

Non-additivity and complementarities

The assumption that ¢;; = x; + v, implies that all workers who move from firm j to j" will
experience an earnings change of 1, - 1;, no matter their quality ;. An informal way to assess
this log additive structure is to perform an event study of the earnings changes experienced by
workers moving between different types of firms. Card et al. (2013b) and Card et al. (2018)
use matched employer-employee data from Germany and Portugal to perform such event-study
analyses of the earnings changes experienced by workers moving between different types of firms.
In Online Appendix Figure B.3, we perform the same exercise, but this time for our U.S. data.
This analysis uses the movers sample. As in Card et al. (2013b) and Card et al. (2018), we
define firm groups based on the average pay of coworkers.

The results from the event study mirror those reported in Card et al. (2013b) and Card
et al. (2018). Workers who move to firms with more highly-paid coworkers experience earnings
raises, while those who move in the opposite direction experience earnings decreases of similar
magnitude. Additionally, the gains and losses for movers in opposite directions between any

two groups of firms are relatively symmetric. By comparison, earnings do not change materially
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when workers move between firms with similarly paid coworkers. Another relevant finding from
the event study is that the earnings profiles of the various groups are all relatively stable in
the years before and after a job move. This lends support to Assumption 2, as it suggests
that worker mobility does not seem to depend strongly on the trends in earnings beforehand or
afterwards. Lastly, it is interesting to observe that the gains and losses for movers seem to be
permanent. In contrast, in a large class of search models with job ladders, moves to firms that
currently pay less is rationalized by arguing that these firms will pay more in the future.

Although the event study results are consistent with the log additive functional form, we
cannot rule out interaction effects between worker and firm effects. Indeed, Bonhomme et al.
(2019) point out that even if the functional form is non-additive, the gains and losses may look
symmetric if workers making upward moves are of the same quality as those making downward
moves. More generally, the degree of asymmetry one observes in the event study depends both
on the magnitudes of any interaction effects and on the extent to which workers making upward
moves differ in quality from those making downward moves. Thus, the event study analysis
needs to be interpreted with caution.

To obtain an actual estimate of the importance of interactions between worker and firm

effects, we follow BLM in using the following model of earnings:

Wi = 05,0y - Ti FPj(a0) + €t (10)
———

interaction

which reduces to AKM when §; is the same for all firms. Under Assumptions 1 and 2 , we

obtain:

Elwits1lja = j1] = Elwi|jr — jo] = 05, (E[z4]52 — j1] — E [zi]51 — ja])
Elwit1|i1 = j2] — Elwi|jz — j1] = —0j, (E[zilje = j1] — E[zilj1 — j2])

where j; — jo (j2 — Jj1) is an indicator for a worker moving from firm 1 to 2 (firm 2 to 1). As
long as the workers moving from 1 to 2 are not exactly the same as those moving from 1 to 2,
the right hand side of these equalities are non-zero and we can recover 6;1/6;5 from the moment
condition:

Elwiti1lj2 = j1] — Elwitljs = jo] _ 05

- - - — = - 11
Elwit|jo — 1] — Elwity1|jr — j2] 0 (1)

Thus, provided that the composition of movers differs across firms, it is possible to identify §;
(up to scale) for every firm. To take (10) to the data, however, it is useful to reduce the number
of parameters to estimate. As above, we follow BLM in classifying firms to ten types according
to the empirical earnings distribution within firms. Then we restrict §; to be the same for all
firms of a given type. We refer to Section 5.4 for details on the estimation procedure.

Figure 3 displays the estimated nonlinearities. We plot the means of log earnings for each
firm type and at 10 deciles of worker heterogeneity. On the z-axis, firm types are ordered in
ascending order, where “lower” and “higher” types refer to low and high mean log earnings. The

results show clear evidence of worker heterogeneity: For the same type of firm, better workers
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Figure 3: Estimates of Interactions between Firm and Worker Effects using BLM

Notes: In this figure, we present estimates of interactions between firm and worker effects using the BLM
estimator. We plot the means of log earnings for each firm type and deciles of worker heterogeneity. On the
z-axis, firm types are ordered in ascending order, where “lower” and “higher” types refer to low and high mean
log earnings.

earn significantly more. For a given worker, there is also some variation in log earnings between
firm types, although to a lesser extent. As shown in equation (11), 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 3, 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 22, 47 and 78 percentage points for individuals at the 20, 50
and 80 percentile in the worker quality distribution.

The evidence of nonlinearities raises several questions. To what extent do interaction effects
bias the estimates from the log additive model? Are nonlinearities empirically important as
a source of earnings inequality? In Table 5, we investigate these questions by extending the
AKM decomposition to incorporate the contribution from interactions between worker and firm

effects. Re-arranging equation (10), we get

wiy = 0(z; — T) + (7/Jj(i,t) + ej(i,t)ff) +(0(,6) — 0)(zi — Z) +ei (12)

i bt Qi (i,t)

where § = E [ej(i,t)] and Z = E|[x;]. This equation decomposes the earnings of worker i in
period t into three distinct components: ; gives the direct effect of the quality of worker ¢

(evaluated at the average firm), zﬁj(i’t) represents the direct effect of firm j (evaluated at the
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Model Specification
(1) (2) 3) (4)

Share explained by:

i) Worker Quality Var(z;) 724% 70.4% 73.5% 71.6%
ii) Firm Effects Var(y;) 32%  43%  3.0% 4.3%
iii) Sorting 2C0v(z45,Yj(s)) 12.9% 13.1% 12.8% 13.1%
iv) Interactions Var(oij) 3.0% 3.3%
+2Cov(z; + Vi), 0i5) -1.8% -2.5%
v) Time-varying Effects Var(¥iey e — ¥ia)) 0.3%  0.3%
+2Cov(wi, Vi), — ¥ici))
Sorting Correlation: Cor(zs, V() 0.43 0.38 0.43 0.37
Variance Explained: R? 0.89 0.89 0.90 0.90
Specification:
Firm-Worker Interactions X v X v
Time-varying Firm Effects X X v v

Table 5: Comparison of BLM Specifications

Notes: This table presents the decomposition of log earnings variation into firm and worker effects using the
BLM estimator for four specifications: baseline, allowing for worker effects to interact with firm effects
(“Firm-Worker Interactions”), allowing for a time-varying component in the firm effects due to the pass through
of value added shocks (“Time-varying Firm Effects”), and allowing for both interactions between firm and
worker effects and time-varying firm effects. The analysis uses both workers who move between firms and
stayers.

average worker), and ;;(; 1) captures the interaction effect between firm j and worker i quality.

Using equation (12), we obtain a new variance decomposition of log earnings:

Var(wit) =Var [.CEIL] + Var {J)j(i,t)} + 2Cov |:57i, Jjj(i,t)} (13)
+ Var [Qij(i,t)} +2Cov {i‘i + lﬁj(i,t)a Qij(i,t)]

The first three components are informative about the inequality contribution from worker ef-
fects, firm effects and worker sorting, net of interaction effects. The last two components are
informative about the inequality contribution from interaction effects, as measured by the dis-
persion of ;(;) across firms and the extent to g;;(; ) is larger in firms with high wages. If
0; = 6 for every firm j, then these two components would be zero, and the decomposition in
(13) reduces to the standard AKM decomposition.

The results from the decomposition in (13) are presented in column (2) of Table 5. Our
estimates suggest the dispersion of interaction effects across firms explains three percent of the
earnings inequality. However, the total contribution to earnings inequality from nonlinearities
is muted by the interaction effects being larger in firms with higher paid workers. We also find
that omitting interaction effects causes a downward bias in the firm effects and an upward bias

in the worker effects.
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Pass through of shocks and time-varying types

The assumption that v = 7 = 0 restricts firm effects to be constant over time. However, the
significant pass-through rates imply that firm effects actually evolve over time as employers
experience changes in the value added at the firm or market level. To capture this, we now let
v differ from 7" and propose an adjustment to the AKM model which allows us to isolate the
time-invariant component of the firm effects.

Our approach proceeds in two steps. First, we construct an adjusted earnings measure by
removing the time-varying firm and market specific component of earnings. To do so, we use
the firm and market level value added multiplied by the estimated passthrough coefficients at
the firm and market level (see Table 2). Second, we recover the time-invariant firm and worker
effects by applying the methods of AKM or BLM to the adjusted measure of earnings. Consider

the following adjusted two-way specification for earnings of workers across firms:

Elwir = YWjci.00.e — Yii1) — =) riiye — Iriyn) 130 1), 0, (0, T)] = x5 + ;.

The left-hand side removes the earnings dynamics due to passthrough of firm-specific shocks,
Y(Wjit),t — Ur(i,e),e), and market shocks, 1'%,; ). What remains is the worker effect z; and the
time-invariant firm effect ¢;, which can be estimated by applying AKM or BLM to the adjusted
earnings measure.

In column (3) of Table 5, we extend the BLM decomposition of the variance of log earnings
in (9) to incorporate the contribution from time-invariant and time-varying firm effects. We
find that time-varying firm effects explain little if any of the variation in log earnings, and that
the importance of firm effects and worker sorting do not change materially if we take the pass
through of firm shocks into account. Comparing the results in column (4) to those presented in
column (2) shows that time variation also has little to no explanatory power when accounting

for nonlinearities.

3.4 How the empirical findings inform our modeling choices

Before we present the model of the labor market, it is useful to explain how our modeling choices
are guided by the empirical findings reported above.

One of these findings is that most of the dispersion in firm average earnings is driven by
heterogeneity in the composition of workers who are employed at different firms. This finding
highlights the importance of allowing for heterogeneity in worker productivity and sorting in
the labor market. To accommodate this, we develop an equilibrium model of the labor market
with two-sided heterogeneity.

A related finding is the existence of firm wage premiums, although they explain relatively
little of the earnings inequality once one corrects for limited mobility bias. In the textbook model
of a perfectly competitive labor market, the law of one price holds and there should exist a single
market wage for a given quality of a worker, no matter the employer for which she works. Firm

wage premiums are at odds with this theory. To allow for firm effects, we let employers differ in

29



workplace characteristics or amenities. Employers that offer favorable working conditions attract
labor at lower than average wages, whereas employers offering unfavorable working conditions
must pay premiums as offsetting compensation in order to attract labor.

Another important finding is that idiosyncratic value added shocks to a firm transmit to the
earnings of incumbent workers. To capture such a pass through, we will allow workers to have
heterogeneous preferences over the same amenities. As a result of this preference heterogeneity,
the employer faces an upward sloping supply curve for labor, implying that wage is an increasing
function of size. We will assume that employers do not observe the idiosyncratic taste for
amenities of any given worker. This information asymmetry implies that 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 must offer higher wages to all
workers.

A related finding is that the earnings of incumbent workers respond significantly less to an
idiosyncratic value added shock to the current firm than to a (same size) shock to all firms in
their current industry and area. One way to rationalize this finding is to partition the worker’s
choice set into “nests” by the industry and location of the firms, and allow that firms in the same
nest are closer substitutes in terms of their amenities than firms in other nests. This nested
structure on the workers’ preferences captures that many job characteristics are likely to vary
systematically both across areas and industries.

Another finding is that large differences in value added across firms do not create sizable firm
wage premiums. This finding would be expected if employers face perfectly elastic supply curves
for labor; a productive firm could then increase its size without raising wages. However, given
the evidence of upward sloping labor supply curves, one might expect sizable wage premiums
from being employed in more productive firms. To rationalize that the observed differences
in value added across firms do not create larger firm wage premiums, we allow for correlation
between the firms’ productivity and amenities. Such a correlation could, for example, arise
because productive firms invest in better amenities as a way to attract better workers, which
pushes down the wages that these firms have to pay and thus attenuates the wage premiums.

Lastly, the gains in log earnings from moving to higher paying firms are considerably larger
for better workers. These positive interaction effects are especially pronounced at the upper
tails of the distributions of worker and firm effects. To capture such interaction effects, we
allow for (but do not impose) production complementarities in the firm’s technology. Such
complementarities could help explain the pattern of sorting we observe in the data as they
incentivize better workers to sort into more productive firms, as in Shimer and Smith (2000)
and Eeckhout and Kircher (2011). A competing explanation for the sorting patterns would be
that high ability workers differ in how much they value amenities as compared to low ability
workers. By taking our model to the data, it is possible to quantify the strength and implications

of worker sorting based on workplace amenities versus production complementarities.
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4 Model of the labor market

This section develops a model of the labor market where multiple employers compete with one
another for workers who have heterogeneous preferences over non-wage job characteristics or

amenities.

4.1 Agents, preferences and technology

The economy is composed of a large number of workers indexed by ¢ and a large set of firms
indexed by j = 1,...,J. Each firm belongs to a market r(j). Let J,. denote 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 which ensure stationarity in the productivity distributions of

workers, firms and markets.

Worker productivity and preferences

Workers are heterogeneous both in preferences and productivity. The productivity of worker i is
given by (X;, Vi) where X; is the permanent component and V;; is the time-varying component.

In period ¢, worker ¢ has the following preferences over alternative firms j and earnings W:
uit(j7 W) = IOgTW)\ —|—10gGJ(X1) +ﬁ71€ijt (14)

where G;(X) denotes the value that workers of quality X are expected to get from the amenities
that firm j offers, and ¢;;; denotes worker i’s idiosyncratic taste for the amenities of firm j. The
parameters (7, \) describe the tax function that maps wages to income available for consumption.
In Section 5, we show how well this parsimonious tax function approximates the tax rates of
the US tax system.

The specification of preferences in equation (14) allows for the possibility that workers view
firms as imperfect substitutes. Fixing the permanent component of worker productivity X, the
preference term G;(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;(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 idiosyncratic taste component €;;;. The importance of this second source of
horizontal differentiation is governed by the parameter [, which tells us the variability across
workers in the idiosyncratic taste for a given firm. Formally, this parameter is proportional to
the inverse of the standard deviation of €;;; in log-dollars.

We assume that (€14, ..., €,5¢) = €ix ~ U(€]€1—1, X;) follows a Markov process with indepen-

dent innovations across individuals with the same productivity X. This assumption does not
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imply strong restrictions on the copula (and, by extension, the patterns of mobility by worker
quality) over time. We assume, however, that the (cross-sectional) distribution of €; has a

nested logit structure in each period:

F(&4) = exp —Z Z 67%

r Jj€Jr

pr

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

area, and refer to it as a market. The parameter p,, measures of the degree of independence in a

worker’s taste for the alternative firms within market r, i.e. p, = \/1 — corr(€ije, €50¢) if 7(j) =
r(3/) = r. Thus, this parameter is equal to zero if each worker views firms within the same
market as perfect substitutes, while it is equal to one if the worker views these firms as completely

independent alternatives.

Firm productivity and technology

Importantly, we let firms differ not only in workplace amenities but also in terms of productivity

and technology. We start by introducing the total efficiency unit of labor at the firm:
Lj = / V- X% . Dj(X,V)dXdV,

where 0; is a firm-specific parameter that determines the returns to labor permanent productivity
X, and Dj;;(X,V) is the mass of workers with productivity (X,V) demanded by the firm. The
revenues Yj; generated by firm j in period ¢ is determined by the production function
Y = Ath;t_aT(j)

where Aj; is the firm’s productivity (TFP), and a,.(;) is the market-specific scale parameter.
This specification of the revenue 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 C.5, it is possible
to derive the same specification of the revenue production function (and, by extension, labor
demand) if firms have price-setting power in the product market.

It is useful to express the productivity component A;; as:

Aje = Ay

= P ZenbiZie
where [lr(j)t, F_’T(j), and ZT(j)t represent the overall, the permanent and :che tjme—varying com-
ponents of productivity that are shared by all firms in market r, while A;,, P; and Z;; denote

the overall, the permanent and the time-varying components that are specific to firm j. Let
W;(X,V) denote the wage that firm j offers to workers with characteristics (X, V') in period ¢
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and Bj; = [[ W;(X,V)D;(X,V)dXdV denote 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 Il;; = Y;; — Bj;.
Importantly, we do not restrict the relationship between amenities G;(X), permanent pro-
ductivity components (Pr(j), Pj), and technology (6, a,.(;)). As aresult, there are several reasons
why better workers may prefer to work in productive firms. One possible reason is that pro-
ductive firms (high A) could have better amenities (high G) and high wage workers (high X)
may value amenities more than low wage workers. Another possible reason is strong comple-
mentarities in production, as in Shimer and Smith (2000) and Eeckhout and Kircher (2011).
By letting 0, vary across firms, the specification of technology permits such complementarities

between productive (high X) workers and productive (high A) firms.

4.2 Information, wages and equilibrium

We consider an environment where all labor is hired in a spot market and ¢;j; is private infor-
mation to the worker. Hence, the wage may depend on the worker’s quality (X, V'), but not her
value of ¢;;;. Given the set of offered wages W, = {W;(X,V)}

chooses a firm j to maximize his utility u;; in each period:

j=1,...y by all firms, worker i

jli,t) = aurgmjaxuit(j7 Wit (X, Vie)). (15)

We introduce a wage index at the level of the market r defined by:

y‘b
w3

A8
LuxX, V)= | 3 (76 () A Wn(x,v)) " (16)
Jj'edr

from which we can derive the probability that an individual of type (X, V') chooses to work at

firm j given all offered wages in the economy:
AB
(Ir(j)t(X7 V))

Priji =31 X=X, V=V, Wi] = = e (T“AGAX)W

BYE
Wi (X, V) ) r()
L (X, V)

We consider an equilibrium where the firm views itself as infinitesimal within the market.
Thus, given the total mass of workers IV and the stationary cross-sectional distributions of X
and V, Mx(X) and My (V), employer j considers the following firm-specific labor supply curve
when setting wages W, (X, V):

AB
w Pr(d)

2B
(L (X, V)
Yo Lt (X, V)A8

S;+(X, V,W) = NMx (X)My(V) (TWGJ-(X)W
This means the firm ignores the negligible effect of changing its own wages on the market
level wage index I,+(X,V’). Then each firm chooses labor demand D;;(X, V) by setting wages
W;i(X,V) for every type of worker (X,V’) to maximize profits subject to the labor supply
constraint S;;, (X, V,W). For each firm j and time ¢,
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I=ar()
I = A, X%V Djy(X,V)dXdV — [ Wi(X,V)D;y (X, V)dXdV
gt {th(g}{a/}){}(xyv) Jt (/ Jt( ’ ) > // jt( ’ ) ]t( 5 )

s.t. Dy (X, V)=85;(X,V,W;(X,V)) for each X,V (17)

Under these simplifying assumptions, the definition of the equilibrium naturally follows from

the presented environment:

Definition 1. Given firm characteristics (a,(jy, Aj¢, 0;);,¢, worker distributions N, Mx (-), My (-),
preference parameters (5, p,, G;(-)) and tax parameters (A, 7), we define the equilibrium as the
worker decisions j(i,t), market level wage indices I,.(X, V), firm-specific labor supply curves
Si(X,V,W), wages W;;(X,V) and labor demand D;;(X, V') such that:

i. Workers choose firms that maximize their utility, as defined in equation (15).

ii. Firms choose labor demand D, (X, V') by setting wages W;;(X, V') for every type of worker
(X,V) to maximize profits subject to the labor supply constraint S;;(X,V,W), as de-
scribed in equation (17).

ili. The market level constants I,.(X,V) are generated from the workers’ optimal decisions
J(i,t). O

In Lemma 7 in Online Appendix C.1, we show the uniqueness of the equilibrium which proves

useful in the estimation of the model and is needed for the counterfactual analysis.

4.3 Structural equations

As shown in Proposition 1 in Online Appendix C.1, our model delivers the following structural

equations for wages, value added and wage bills for firm j € J,.:

1

1

. a.a) = 0. _ . a i 1

wi(z,v,a,a) =0z +v+c¢ —arhj+ 1+ar>\6a+ 1+Oér>\5/pra (18)
. L+X8 14+ X3/p,

, —(1—a)h; 1

y](a7a) ( Q@ )h]+(1+047‘)\6)a 1+C¥r)\5//)r (9)
14+ A 14+ A o~

by (@) = cr + (1 — )y + —— g 1 A/p (20)

(T+ar8) " " 1+ a,A8/pr

where we use lower case letters to denote logs (e.g. = = logX) and ¢, is a market-specific
constant that is equal to log %. These equations describe how the potential outcomes
of workers and firms are determined, that is, they tell us the realization of wj,(z,v), bj;, and
yj: that would have been experienced had worker productivity (z,v), firm TFP & and market
TFP a been exogenously set.

The equations in (18)-(20) show that w;(x,v,a,a), b;(a, a), and y,(a, @) depend on the same
four components: the constant ¢, the component of productivity that is specific to the firm a,
the component of productivity that is common to firms in the same market a, and an amenity

component h;. Comparing the wage equation to the other structural equations, we see that
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wj(z,v,a,a) also depends on the worker’s own productivity (x,v). Moreover, workers with the
same productivity are paid differently depending on the firm-specific parameter §;. As expected,
if a firm j becomes more productivity (@ or a increase) then y;(a,a) increases. Because firm
Jj has become more productive, it will demand more labor, which raises w;(x,v,a,a), b;(a,a),
and y;(a, a).

From the structural wage equations, we also obtain:

M M/pr
(14 a,\B) 14 a:A\8/p

li(@,a) =h; + (21)

where h; can be interpreted as the efficiency unit of labor the firm would have if @ and a are
exogenously set to zero. This “TFP-neutral” notion of the total efficiency of labor depends on

the quality and quantify of the workforce. We can then write

h; = logE [ij“‘” |3, t)=j| +5;.

Tj

The component g; is a weighted average of the X-specific amenities of firm j. It captures the
vertical differentiation of firms. All else equal, a greater g; raises the size of the firm, thus
increasing its wage bill and value added. At the same time, better amenities push down the
wages that these firms have to pay their workers, lowering w;(x, v). The other component of h; is
the average quality of the workers in the firm z;, reflecting sorting of workers to firms. If G;(X)
increases by the same rate for each X in a given firm j, then g; increases while z; is unaffected.
Hence, Z; captures that some firms may have relatively good amenities for some worker types.
All else equal, better co-workers raise the total labor efficiency of the firm’s workforce. With
decreasing return to scale in the production function (o > 0), this also lowers the wages that
firm j pays to a given worker.

Another important feature of the structural equations is that they are log additive in the
arguments 0;r, G,(;);, ajt, and hj. This log 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 wage equation and the
two-way fixed effect models discussed in Section 3.3. This link will help interpret the variance
decomposition of AKM and BLM through the lens of the model. Third, it makes it possible to

prove identification of the parameters of the model, as shown in Section 5.

4.4 Rents, compensating differentials, and allocative inefficiencies

We conclude the presentation of the model by defining the rents that workers and employers earn
from ongoing employment relationships and explaining how these quantities relate to reservation

wages, compensating wage differentials, and allocative inefficiencies.
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Worker rents

In our model, rents are due to the idiosyncratic taste component ¢;;; which gives rise to horizontal
differentiation of firms, upward sloping labor supply curves, and employer wage setting power.
We assumed that employers do not observe the idiosyncratic taste for amenities of any given
worker. This information asymmetry implies that firms cannot price-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, RS, as the surplus he derives from being
inframarginal at his current choice of firm. Given his equilibrium choice j(i,t), RY is implicitly
defined by:

wit (52, 1), Wiy, (Xa, Vie) — R) = Jpax wig(§', Wi 1(Xi, Vir)).
3'#3
As shown in Lemma 9 in the Online Appendiz, the expected worker rents at the firm level is

given by:
1

E[Ry]j(i,t)=j] = W/P()
T

E [W;(Xi, Vi) |7 (i, t)=5] -

Result 2. We define the market level rents of worker i, R}j™, as the surplus derived from
being inframarginal at his current choice of market. Given his equilibrium choice r(j(i,t)), R&Y™

is implicitly defined by:

wit(§(6, 1), Wygiye(Xs, Vie) — RZ™) = max uy(j', Wy (X5, Vi)
3 1) #r(3(ist)
As shown in Lemma 9 in the Online Appendiz, the expected worker rents at the market level is

given by:
1

ERiE™ 50, t)=3] = WE[th(Xia Vie) 3 (i, t)=J]

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
very well be in the same market as the current choice of firm, in which case R}y will exceed
RY.

To interpret the measure of firm level rents and link it to compensating differentials, it is

useful to express R}y in terms of reservation wages. The worker’s reservation wage for his current
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choice of firm is defined as the lowest wage at which he would be willing to continue working in

this firm. Substituting in preferences in the above definition of R}, we get:

log W; (i,t), (X, Vi) —log (W (i t),t(Xi7 Vie) — R%) =

current wage reservation wage

log Wj(i,t),t(Xia Vit) — log Wj°(i,t),t<Xi; Vit)

current wage wage at best outside option

Flog G2 (Xeseuor —log G2 | (X)edsctor  (22)

current amenities amenities at best outside option

The average worker choosing firm j may be far from the margin of indifference and would
maintain the same choice even if his current firm offered significantly lower wages. The same
thing holds true for the average worker choosing any other firm. The difference between the
reservation wage and the actual wage is the rent earned by a person at his current choice of

firm.

Compensating differentials

By definition, the 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. By solving equation (22) for workers for whom reservation wages are
equal to current wages, it becomes clear that the market wage differences are informative about
the preferences for amenities of these marginal workers. Another way of saying this is that
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 market wage differences. Thus,

the market wage differences across firms define the equalizing or compensating wage differentials:

Result 3. The compensating differential between firm j and firm j' for workers of type
(X,V) is defined as
CDjj’t(X7 V) = wuulj, th(Xa V) — uit(jlawjt(Xa V))s.t. Rjy =
= longt(X7 V) _long’t(Xa V)
= (0; = 0j)x+vj — Yjn

where the last equality follows directly from equation (18) and

1

= Cr = rh —_—
Vi = ¢p — aphj + 1+a7l/\ﬁ/pragt

ar(j),e +

O

For any two firms j and j’, there exists a distribution of compensating differentials. This dis-

tribution arises not because of heterogeneous tastes of workers, but because of differences in
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technology across firms. If 6; does not vary across firms, there is only one compensating differ-
ential per employer. It is given by the firm effect ¢;;, 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 wage setting power. To measure employer rents, we therefore compare the profit II;; the
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 faces is perfectly elastic. In other words, wages,
profits and employment are such that D?f(X , V) solves the firm’s profit maximization taking
Wﬁt (X,V) as given:

1-arg)
Iy :{ max} At < / / VX% . DP/(X, V)dXdV> / / DY (X, V)-Wh (X, V)dXdV,
Dg’f(X,v) xv)

where the labor demand and the wages also have to clear:
S (X, V,WH(X,V)) = DP/(X,V) for all t, j, X, V.

The only difference in this counterfactual environment is that the firm does not take into account
its wage setting power through the upward-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 we define ijttm (X,V), H?ttmand D;’tt "(X,V) 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{t and at market level R;tm as the
additional profit firm j derives from the presence of inframarginal workers. Given our previous
definitions:

f t
Rl =11, — 1%

Qo)X orgy
I O (1+X8/pu(y)) ( AB/prj) ) TFa,(j) 7 7r())
Lt aryAB/priy  \ 1+ AB/pr(i)

IT;; (23)

tm
Rfm =1L - H?t
_(Qmapgy)As
arg) (1+A8/pr()) ( AB/pr(j) ) B
it

— ]_ -
L+ a3 AB/prisy  \14 AB/prs

(24)

where the last equality in (23) and in (24) are shown in Lemma 10 and 11 in the Online
Appendiz.
O
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It is important to observe that R'th and ijtm 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 ex-ante and ex-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 ex-post rents. Instead, we assume that 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 being restricted under this assumption. First, it does not restrict
whether or how amenities G;(X) relate to the technology parameters «, 6; or the productivity
components I:’T(j) and I:’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 would it matter
for the interpretation of any result other than whether R;; and R;tm 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 here present the key
results, and refer to Online Appendix C.7 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 (A = 7 = 1) and that all firms act as price takers,
as if they face perfectly elastic labor supply curves. To simplify the expressions, we abstract
from the transitory term Vj;. This simplification does not affect the analysis as Vj; cancels out
because it is paid to the worker independent of the choice of firm.

We begin by examining how the firm’s problem and solution differ in the two types of labor
markets. In the competitive market, firms will hire workers until the marginal revenue product
of labor equals the wage rate. Thus, the first order condition of the firm is given by:

1(X) = X% (1= ang)) Ao (L5,) 0

gt

marginal product of labor: M, (X)

where the superscript ¢ makes clear that we refer to the competitive market case. By comparison,
when the firm behaves as a local monopsonist, the wages are marked down relative to the
marginal revenue product of labor.

To understand when, and by how much, firms mark down wages, it is useful to rewrite the
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structural wage equation (18) as follows:

Pr(j -1 . —QUp( 4
th(X):<1+ A(Bj)) X1 = g AL (25)
———

labor wedge

marginal product of labor: M (X)

Consider the special case when p, is zero for every r, which means that workers view all firms
within each market as perfect substitutes. As a result, firms would face horizontal labor supply
curves. Thus, wages would be paid at a level equal to the marginal revenue product of labor,
implying no labor wedges. If, on the other hand, p, differs from zero, then firms within the
same market are viewed as imperfect substitutes by the workers. Thus, they have wage setting
power and workers are paid less than their marginal product. The steeper the labor supply
curve facing the firm, the larger the labor wedges. The labor supply curve is steeper, the more
important the amenities are for worker’s choice of firms. Therefore, labor wedges increase in the
variability of the idiosyncratic tastes =1 and in the progressivity of labor income taxes (1 — \).

We now shift attention to the worker’s problem and solution in the two types of labor
markets. But first, it is useful to express wages using the wage index I,.+(X) from equation (16)

in the following way:

Wit(X)  Lrgye
Wi (X) = J E Loy( (26)
7 r(j)t( ) Zr’ Ir 't t
Wi (X) Wrt(X)

Equation (26) allows us to derive parsimonious expressions for the supply of workers to markets

and to firms within a market. In the competitive labor market, we get

Ssi(X) = NPr[j(i,t) € J.| {W5,(X) X]

}jzl, ““““ J’
= wat(X)/B
S5(X) = Prlj(i,t) = jIH{W5(X)},_, . X.j €]

_ G], (X)B/pw*(j)w;?t (X)B/p'r(j)
and in the monopsonistic labor market we obtain:

Srt(X) = NPT[](Z,t) € Jr| {th(X)}j:L,”v] 7X]
= NW,.(X)
$30(X) = Palj(i,t) = I {IW,u(X)}_y . X.G € J,]
= G;(X)P/ProW; (X)) Prd
Comparing these expressions shows the tax wedge in the worker’s choice of where to work.

Progressive taxation (i.e. A < 1) may distort the worker’s decision of which market and firm to

work in. The reason is that wages are taxed but amenities are not. Thus, progressive taxation
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makes amenities relatively more important for the workers’ choice of where to work.

While the discussion above clarifies the sources of wedges in the problems of the worker and
the firm, it does not directly speak to the questions of whether, and in what situations, the
equilibrium allocation of workers to firms will be inefficient. To answer these questions, we need
to examine how the labor and tax wedges play out in equilibrium. To do so, it is useful to

express the marginal product of labor as

M (X) LX)
I,(X) 3, 1) > LX) 7

M, (X) Mire(X)

M (X) =

where
pr

I;\t/t(X) = Z (Tl//\Gj/(X)l/AMj/t(X))/\ﬂ/pr

j/e‘]’l‘

Next, we equate demand and supply between and within markets. In the competitive labor

market, we get

Dg,(X) = 55,(X) = Meh (28)

rt rt

D5, (X) = 85,(X) = G (X)P e ;g7

while in the monopsonistic labor market we obtain:

-3
Dyu(X) = 5,(X) = (1 n fﬂ) Joes (29)
D(X) = 85(X) = Gy (X) /7 S

Comparing these expressions allows us to draw inferences about allocative inefficiencies within
and between markets.

Within each market, the tax wedge that arise because A < 1 is the only source of allocative
inefficiency, distorting the worker’s ranking of firms in favor of those with better amenities. As a
result, these firms 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. To understand the latter source of
inefficiencies, consider the special case when A = 1,5 > 0 and p, is non-zero but the same across
all 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 results is that tax wedges are the only

source of allocative inefficiencies if one assumes a standard logit structure on the distribution of
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€+ (as in, for example, Card et al., 2018).

With the nested logit structure on the distribution of €, allocative inefficiencies across
markets may arise because p, can 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 p,) 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 p, across 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 \) may reduce the misallocation that
arises from the tax wedge. Second, letting 7 vary across markets may improve the allocation of
workers by counteracting differences in the wage setting power of firms. After estimating the
parameters of the model, we perform counterfactuals that quantifies the impacts of such tax

reforms on the equilibrium allocation and outcomes, including earnings, output and welfare.

5 Identification and estimation

We now describe how the quantities of interest are identified and estimated. We provide a formal
identification argument while summarizing, in Table 6, the parameters needed to recover a given
quantity of interest and the moments used to identify these parameters. Our identification
argument reveals 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.

5.1 Parameters needed to recover rents of workers and employers

As shown in Results 1, 2 and 4, we only need to know («, [, p,) to draw inference about
the expected rents of workers and employers at the firm and market level. 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 identify directly from an ideal experiment.
This consideration clarifies the necessary assumptions even with an ideal experiment and the

additional ones needed because we do not have such an experiment.

Ideal experiment

Suppose we observed and were able to exogenously change both @, 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 the structural equations (18)-(20), exogenous changes in @ and a

affect both the firm’s value added y;(a, @) and the wages it offers to workers of a given quality
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ow;(z,v,a,a) <6yj a, EL)>_1 1

owj(z,v,a,a) (Oy;(a,a) -1 1
oa da 1428

Since A is a known (or pre-estimated) tax parameter, 3 and p,(;) can be identified from these

two equations.

In this ideal experiment, the pass-through to w;(z,v,a,a) of an @ induced change in the
yj(a,a) would identify 8. Given this parameter, the pass-through to w;(z,v,a,a) of an a
induced change in value added would identify p,(;). Next, one could recover a; by combining

the structural equations (18)-(20) to get:

. AB/pr
Elyje —bielj € ;] = —cp=—log(l—a,)—log <1+)\»3//)r . (30)
This equation shows that the market-specific scale parameter can be recovered from data on

wage bills and value added per market, after correcting for labor wedges as captured by the

2B/ pr
term log (Hf\i//ﬁp/p,«)‘

It is important to observe that performing such an ideal experiment is difficult for several
reasons. First, it can be difficult to find shifters or instruments for @ and a that are both as good
as randomly assigned to firms and have skill-neutral impacts on productivity. Existing studies
using instruments have either a shifter for @ or a shifter for @, but not both.!! Second, even if the
analyst finds such instruments, it is necessary to keep amenities fixed. In other words, firms must
not change the amenities offered to workers in response to shifts in productivity. Otherwise,
value added would not be the only channel through which a and @ would affect wages. Third,
the analyst needs to observe worker quality or make restrictions on worker mobility in response
to shocks to firm productivity. Otherwise, the productivity effects on the wages the firm pays
to workers of a given quality may be confounded by shifts in the quality of the workforce of the

firm.

Panel data approach

Since we do not have such an ideal experiment, we instead have to rely on panel data on workers
and firms. We now show how these data can be used to identify the structural parameters
(ar, B, pr). We begin by describing the restrictions on the primitives that deliver the statistical
processes for wages and value added. This forges a direct link between our model of the labor

market in Section 4 and the pass through analysis in Section 3.2. Once this link is established,

113ee, for example, Abowd and Lemieux (1993), Van Reenen (1996), Kline et al. (2018a), Garin and Silvério
(2019), and Berger et al. (2019). If one only has an instrument for a, it would still be possible to achieve
identification by assuming that p, is zero for every market r, which means that workers view all firms within
each market as perfect substitutes. However, our data are at odds with this assumption. If, on the other hand,
one only has an instrument for a, then identifying the labor supply curve facing the firm seems difficult, even
with additional assumptions.
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we proceed by showing how the estimates from the pass-through analysis can be used to recover
the structural parameters.

The starting point is the structural equations (18)-(20) that express wages w;(z,v,a, a) and
value added y;(a, a) as functions of primitives that are fixed over time I' = (p,, pj, 9;(), z;) and
those that vary over time (Z,¢, Zj¢, vi¢). We begin by specifying how the time-varying components

evolve. The productivity of the worker is assumed to evolve according to the following process:

. 2P x T T
vit = vy + & + 076

p _ P .
Uiy = Vi T Hit

where the persistent component v}, is a unit root process with innovation shocks ¢, and the
transitory component is assumed to follow a MA(1) process with coefficients 6* and innovation
variance o2. We assume that firm productivity evolves as a unit root process at both the firm

level:

aje = Pj+Zj

Zit = Zjt—1 + Ujt
and the market level:

ary = 1_77‘ + Zrt

Zrt = Zpt—1 t Upt.

On top of this, we allow for measurement error in the observed value added in the form of
a transitory component that follows an MA(1) process. This gives the following relationship

between value added in the data y;; and value added in the model y7,:
Yjt = y;t + g;lt + 5y€;_/t_1

where 0¥ is the MA coefficient and 05 is variance of ?t.
After specifying these processes, it is necessary to invoke some restrictions on the relationship
between the primitives. Letting the history of time-varying unobservables at time ¢ be denoted

by Q = {Gje, Urer, E s §;¥t,, Wit’, €t Yiojrer<t, We make the following assumption:

Assumption 3. Assume that each of the random variables @y, Uper, €5, §]yt,, Wit are drawn i.4.d.

conditional on Q;_1 and T'.

It is important to observe what is and is not being restricted by Assumption 3. It permits
arbitrary correlation between the components of I'. Thus, our model allows for rich hetero-
geneity of both firms and workers, and systematic sorting of different workers into different
firms. However, Assumption 3 implies that worker-specific innovations to productivity are both
independent across coworkers and orthogonal to innovations to firm productivity, as well as
orthogonal to idiosyncratic taste realizations €;;:. Moreover, worker-specific innovations to pro-

ductivity do not induce mobility because they are paid to the worker independent of the choice
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of firm. This is key to identifying the pass-through rates of firm shocks by looking at changes
over time in the earnings of incumbent workers. Another important implication of Assumption
3 is that innovations to firm productivity are independent of the endowment of firm amenities.
This is crucial for learning about innovations to the firm’s productivity from changes in its value
added over time.

In Online Appendix D.1, we show that Assumption 3 together with the structural equations
(18)-(20) imply Assumptions 1 and 2 and deliver the following relationship between (v, T) and

(B, pr):

1
Yy
1
T =
1+ )28

This establishes that the parameters (3, p,) are identified under Assumption 3. Furthermore,
it shows how the model of the labor market provides a structural interpretation of the pass-
through rates reported in Section 3.2 in terms of expected worker rents at the firm level and at
the market level. Once (8, p,) are known, we can recover «, (and therefore, the expected firm

rents) from data on wage bills and value added per market, as shown in equation (30)

5.2 Parameters needed to economically interpret AKM

The empirical analysis in Section 3.3 decomposes earnings inequality into components that are
meant to capture worker heterogeneity, firm wage premiums and worker sorting. Our model
offers an economic interpretation of this statistical decomposition. For this purpose, we not
only need to know (o, 3, p,-) but also (0;,p,, pj, 02,02, hj, ;).

Given the above restrictions on the primitives, we can recover ¢; and a firm-specific time
invariant intercept 1); from the analysis of cross-sectional earnings inequality in Section 3.3. As
in this analysis, we remove the time-varying firm- and market-specific components of earnings,
so that one can express the expected earnings of worker i in firm j as a the sum of her own

productivity z; times the firm-specific technology parameter #; and a firm-specific component

Py

1 Pr _ i .o
E it rt it — Yr ,1)=7, Jpr| =0z j 31
Wit 1+)\ﬂyt Pr+)\ﬂ<yjt yt) ](Z ) 7, ] € ] 5§ T +¢g ( )
where for j € J,. we define:
A8(pr — 1)1 — ) -

1+ A8)(pr +8) "

This derivation is presented in Online Appendix D.2. The firm-specific component 1); depends
only on the amenities components, h; and h, = E[h;|j € J,]. In contrast to 1;; defined before,
this 1; does not depend on time ¢ firm level and market level productivities a,.and @;¢. Under

the rank condition that workers moving to a firm are not of the exact same quality as workers
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moving from the firm:
E [w:lj (i, t)=4, (i, t+1)=5"] # B [ws|j(i, t)=5", (i, t+1)=j]

we can identify both 6; and %; from data on the changes in earnings associated with these
moves. Given these parameters, we can recover worker quality z; from equation (31) and h;
from equation (32).

Knowing x;, h; and 6; for each worker and firm, we can recover the productivity components

a;¢ and @, from equation (21) which defines the total efficiency unit of labor:

Ly = log Z ij
ist j(it)=j
Aﬁ/pr(j) ~ /\ﬁ _
A + Qi
Lo, M8/0r) " T ary A8

The intuition is straightforward. Conditional on the amenity component h;, we recover firm
productivity a;; by comparing £;; across firms within the same market. Holding market ameni-
ties fixed, we identify a,; by comparing total efficiency units of labor of different markets. Once
we know (@, @;t), we can recover (p,, pj,o2,02) from the assumptions about how productivity

evolves at the firm and market level.

5.3 Parameters needed for welfare and counterfactuals

To make inference about welfare and to perform counterfactuals, it is necessary to also recover
the preferences component G;(X). This is done through a revealed preference 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 13 in Online Appendix D.3, showing that G;(X) can
be identified from data on the allocation of workers to firms and markets. We first derive the

following expression which links G;(X) to the size and composition of firms and markets:
) . 1/8 . ) TP )
exp(Ms;) XN G, (X) = (Pr [j(i, ey | X]) 7 (Prijti =5 | X,r=r()) 07 5,8, X

where Pr [j (i, t)epiy | X ] is the probability that workers of quality X choose to work in mar-
ket 7, while Pr[j(i,t)=4|X,r=r(j)] is the probability these workers choose to work for firm

j conditional on selecting market r. Consider two firms j and j’ in the same market r. The
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differences in size and composition of these firms depend on the gaps in wages and amenities:

A((05 — 05)z; + 15 — ) +1og G (X) — log G (X)

wage gap amenity gap
_ P g Prliti=i| Xor()=r
B Prljli,t)=j"| X, r(j")=r]
~—~
within-market elasticity relative size by worker type

Since both the wage gap and the within-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. Comparing firms across markets allow us to pin down the market factor.

5.4 Estimation

The estimation procedure follows closely the identification arguments laid out above. In the es-
timation, however, we impose a few additional restrictions on the heterogeneity of workers, firms
and markets. Neither of these restrictions are necessary for identification, but they help reduce
the number of parameters to estimate. We now describe these restrictions before presenting the

parameter estimates and assessing the fit of the model.

Specification of empirical model

We begin by restricting the market-specific parameters a,. and p,. to be the same within broad
markets (as defined in Section 2). The restriction on «, means the scale parameter can vary
freely across, but not within, broad regions and sectors of the economy. The assumption on p,
restricts the nested logit structure of the preferences. Recall that the parameter p, measures
the degree of independence in a worker’s taste 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 p, to 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.

A second set of restrictions is that we draw the firm-specific components 6; and ; from
a discrete distribution. We follow Bonhomme et al. (2019) in using a two-step grouped fixed-
effects estimation, which consists of a classification and an estimation step. In a first step, firms
are classified into groups indexed by k based on the empirical earnings distribution using the
k-means clustering algorithm. The k-means classification groups together firms whose earnings
distributions are most similar.'? Then, in a second step, we estimate the parameters Or(j) and
Yr(j)- In the baseline specification, we assume there exist 10 firm types. We view the assumption
of discrete heterogeneity as a technique for dimensionality reduction in the estimation, instead
of viewing discreteness as a substantive assumption about population unobservables. It is reas-

suring to find that the estimates of firm effects do not change materially if we instead allow for

12Here, we follow Bonhomme et al. (2019). Concretely, we use a weighted k-means algorithm with 100 randomly
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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20, 30, 40 or 50 firm types (see e.g. Online Appendix Figure B.4).
Lastly, we also make the following discreteness assumption for the systematic components

of firm amenities:

Gi(X) = Gy GGy (X),

where we define the firm class k(j) within market r using the classification of Section 3 interacted
with the market. This multiplicative structure reduces the number of parameters we need
to estimate while allowing for systematic differences in amenities across firms and markets
(éj, GT(J‘)) and heterogeneous tastes according to the quality of the worker G,(;)(X). As a result,
amenities may still generate sorting of better workers to productive firms, and compensating
differentials may still vary across firms, markets and workers, and heterogeneity in amenities.
For estimation purposes, we take advantage of the derivations in Online Appendix D.3, which
express the preference components (C_}’r(j)éij(j)(X )) as functions of the size and composition

of firms and markets:

Gr(X) = X% (m)l/ﬁ (m>pr/5

(TGk(j) (X) eXp()\qut)X)‘gﬂ')B/pr

> jed, (Téj’Gk(j’)(X) eXP(/\%'t)XAG”")

% e\ P\
e (TGij(j)(X)eXp()\wj/t)X a) NMx(X)

Prlj(i,t)=j | (i, t)e,] = G2/Pr / S PriXirlax

dX

Prlj(i,t) € J.| X] = Gf/ 5
_ - 26, B/ Fr
> (Zj’e]rz (TGT'GJ’Gk(j’)(X) exp( A ) X% ) >

where éf /Pand éf (j) are estimated by iterating on the expression above. In this estimation of
G;(X), we rely on a discretization of X using 10 points of support and we also group markets

into 10 different market types based on their realized empirical distribution of earnings.

Estimates and fit

Consider first the parameters of the tax function, 7 and A. We estimate these parameters outside
the model. In each year, we regress log 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 A. The intercept from this
regression gives us 7 while A is identified from the slope coefficient. We estimate 7 of around
0.89 whereas \ is estimated to be about 0.92.'% In a proportional tax-transfer system, X is equal
to one and (1 — 7) is the proportional effective tax rate. By contrast, if 0 < A < 1, then the
marginal effective tax rate is increasing in earnings. Online Appendix Figure B.6 shows how
well our parsimonious tax function approximates the effective tax rates implicit in the complex

U.S. tax-transfer system. Here we compare the predicted log net income from the regression

13These results mirror closely existing U.S. estimates of 7 and X (see e.g. Guner et al., 2014, Heathcote et al.,
2017).

48



to the observed log net income across the distribution of log gross income, finding that this
specification provides an excellent fit.

Once we have the tax parameters, we can estimate the other parameters following the iden-
tification arguments above. In other words, we substitute the sample moments in place of the
population moments. Table 6 summarizes the estimates of key parameters. On average, we find
a, to be around 0.21, suggesting declining returns to labor input. The estimate of 3 is about
4.99. This finding suggests considerable variability across workers in the idiosyncratic taste for
a given firm. On average, we estimate p, to be about 0.70. This implies a correlation of 0.51
in the taste of the worker across firms in the same industry and location. The variation in
worker quality is empirically important, whereas the time-varying firm premia vary less. Firms
differ significantly in their technology, productivity and amenities. A considerable part of the
productivity dispersion is across markets.

Because we allow for a lot of heterogeneity across workers and firms, our model fits perfectly
many aspects of the data. However, some moments of the data are not necessarily matched
that well. In Figure 4, we compare the observed and the predicted values of firm effects, value
added, efficiency units of labor, and wage bill. We make this comparison separately according
to the actual and predicted firm size. When considering these moments (which are not directly
targeted), the model performs well.

In Figure 5, we take advantage of the fact that the amenity component h; is over-identified.
One possibility is to recover it from the equation for firm wage premiums (32), as we did in
the estimation. Another possibility is to use the fixed-point definition of h; as a function of
(P;, P,,G (X)), as shown in Lemma 8. This definition comes from the equilibrium constraint
of the model, which we do not directly use in the estimation. Figure 5 shows that the values of
h; based on equation (32) are very similar to those we obtain from the equilibrium constraint
of the model. This finding increases our confidence in the moment conditions implied by our

economic model.

6 Empirical insights from the model

We now present the 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 5, 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.

6.1 Rents and and labor wedges

Table 7 presents estimates of the size of rents earned by American firms and workers from
ongoing employment relationships. In the first column of the table, we estimate these quantities

under the restrictions that a, is the same for each broad market and that p, is equal to 1 for
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Figure 4: Fit of the Model for Untargeted Moments

Notes: In this figure, we compare the observed and the predicted values of firm effects, value added, efficiency
units of labor, and wage bill. We make this comparison separately according to the actual and predicted firm
size.

all firms in every market. In the second and third column we relax these restrictions, allowing
for the possibility that technology differs across markets and that workers view firms within
the same market as closer substitutes than firms in different markets. To easily compare the
estimates from the baseline specification (in the second and third column) to those produced by
the restricted specification (in the first column), we report national averages and refer to Online
Appendix Table B.3 for the market-specific results.

In both specifications, we find evidence of significant amount of rents and imperfect compe-
tition in the U.S. labor market due to the horizontal employer differentiation. When we impose
the restrictions on «,- and p,., we estimate that workers are, on average, willing to pay 14 percent
of their annual earnings to stay in their current jobs. This corresponds to $5,875 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 $5,932 per worker in the firm. These
results imply that the rents from imperfect competition in the labor market are split equally
between the employers and the workers.

Comparing the results across the columns of Table 7 shows that relaxing the restrictions on

pr and «,. does not materially change the estimates of firm level rents or the workers’ share of
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Figure 5: Estimates of the Amenity Components h; from the Wage Equation versus the Equi-
librium Constraint

Notes: In this figure, we plot the mean of h; across log size bins. We compare the baseline estimates of h; from
the equation for firm wage premiums (32), versus those estimated using the equilibrium constraint by solving
the fixed-point definition of h; as a function of (Pj, P, Gj(X)), as shown in Lemma 8.

total rents. Yet relaxing these restrictions is still important for the conclusions we draw about
the labor market. One insight from the second and third column is that the market level rents
are considerably larger than the firm level rents. The workers are, on average, willing to pay
$7,331 (18 percent of their annual earnings) to avoid having to work for a firm in a different
market. By way of comparison, the average willingness to pay to remain in the current firm is
only $5,447 (13 percent of earnings). 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.

By relaxing the restrictions on p,, we also learn that labor wedges are significant and vary
substantially across markets. In Figure 6, we report the estimates of labor wedges from the
baseline specification. On average, the marginal revenue product of labor is 15 percent higher
than the wage. Behind this average, however, there is important variation. Empirically, the
labor wedges are most pronounced in the goods sector (which have higher values of p,.). In the
West, for example, the labor wedge is 6 percentage points larger for firms in the goods sector as

compared to those in the service sectors.

6.2 Compensating differentials

The estimates of rents suggest the average American worker is far from the margin of indifference
in his choice of firm, and would, in fact, maintain the same choice even if his current firm offered
significantly lower wages. In other words, the average worker would, if asked, identify amenities

as important to his choice of firm. This finding does not, however, imply that the marginal
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Rents and Rent-shares

Firm Only Accounting for Markets
Firm-level Firm-level Market-level

Workers’ Rents:

Per-worker Dollars 5,875 5,447 7,331
(284) (395) (1,234)
Share of Earnings 14% 13% 18%
(1%) (1%) (3%)
Firms’ Rents:
Per-worker Dollars 5,932 5,780 7,910
(709) (1,547) (1,737)
Share of Profits 11% 11% 15%
(1%) (3%) (3%)
Workers’ Share of Rents 50% 49% 48%
(2%) (4%) (3%)

Table 7: Estimates of rents and rent sharing (national averages)

Notes: This table displays our main results on rents and rent-sharing. Column 1 presents results from the
specification which imposes 7" = v, pr = 1, and a, = a (“Firm only”), while columns 2-3 report results from the
specification which allows 7" to differ from ~, and for p, and o, to vary across broad markets (“Accounting for
Markets”). Standard errors are estimated using 40 block bootstrap draws in which the block is taken to be the
market.

workers view the amenities of the current firm as much better or much worse than those offered
by other firms. To gauge the preferences for amenities of the marginal workers, we estimate the
average or expected compensated differential.

The estimates of the expected compensating differentials are displayed in Figure 7. 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). We then compute the
compensating differentials between j and j’ for a worker of given quality x as ¢;+x6; —1; —z0;.
We repeat this procedure for a large number of draws of firms.

The solid horizontal line in Figure 7 shows the average or expected compensating differential
for a marginal worker. 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 the 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 (95 percentile in
the national distribution), the expected compensating differentials are as large as 30 percent. By
comparison, marginal workers of low quality (5 percentile in the national distribution) require
less than 10 percent additional pay to work in the firm with the unfavorable amenities.

The dashed lines of Figure 7 display the compensating differentials across firms within a
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Figure 6: Labor Wedges

Notes: In this figure, we display the estimated labor wedge for each of the 8 broad markets. The
population-weighted mean labor wedge is represented by a horizontal line.

market. To compute these quantities, we use the 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 markets.

6.3 Understanding the firm effects

Why is the inequality contribution from firm effects so small? To answer this question, it is
necessary to understand the economic determinants of the firm component of the AKM model.
As evident from equation (18) of Section 4.3, our structural wage equation reduces to the AKM
model if there are no production complementarities and every firm faces a perfectly elastic labor
supply curve. The structural wage equation would then be log additive in worker and firm
effects, with the size of the firm effects reflecting the heterogeneity in amenities across firms.
We find, however, evidence of upward sloping supply curves for labor, which generate a
positive relationship between the firm’s productivity and the wages it pays. As a result, the
size of the firm effects depends 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:
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Figure 7: Compensating differentials

Notes: In this figure, we plot mean compensating differentials overall and within market. To do so, we
randomly draw a pair of firms (j,j’) with probability proportional to size. Each j’ is drawn from the full set of
firms when estimating overall compensating differentials and from the set of firms in the same market as j
when estimating within market compensating differentials. Then, we estimate the compensating differential
between j and j’ for a worker of given quality z; = z by v; + z0; — 4 — 6. This figure plots the mean
absolute value of the compensating differentials across deciles of the z; distribution, where the horizontal lines
denote means across the distribution of x;.

1 1
Var( ) = Var(e, — aphjg + ————ap + ——————iji
ar(yn.e) = Var(es =arhj + T omgn T 1o g Gita)

1
=Var(c, — arhj(i,t)) + Va”’(mart +

5 ayAB g, C90004)
TFP

1 g+ 1 . )

al_’_ar)\ﬁart l-i-ar)\ﬁ/Pra,](l’t)’t

Amenities

+2Cov(c, — arhjg

covariance between amenities and TFP

These components can be broken down between and within broad markets (with broad market
being defined as the combination of sector times region). Within these broad markets, the
components can be decomposed further by looking within and between detailed markets (where
detailed market is defined as the combination of industry times commuting zone).

The results from these decompositions are reported in Table 8. They suggest a lot of variation
in amenities and productivity across firms. Interpreted in isolation, this heterogeneity predicts
a large inequality contribution from firm effects. However, productive firms tend to have good

amenities, which act as compensating differentials and push wages down in productive firms.
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Between Broad Markets Within Broad Markets

Between Within
Detailed Markets Detailed Markets
Total 0.4% 2.0% 3.1%
Decomposition:
Amenity Differences 15.9% 7.8% 7.1%
TFP Differences 15.5% 11.9% 8.6%
Amenity-TFP Covariance -31.1% -17.7% -12.6%

Table 8: Decomposition of the Variation in Firm Premiums

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 sector times region, and detailed
markets are defined as the combination of industry times commuting zone. 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 variances are expressed as shares of log earnings variance.

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).

6.4 Determinants of worker sorting

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 wage workers may
value amenities more than low wage workers. Another possible reason is complementarities in
production, which incentivizes better workers to sort into productive firms. We now perform
counterfactuals that help quantify the importance of these distinct reasons for sorting in terms
of the correlation between worker and firm effects (i.e. Corr(w;, 1)) and the inequality
contribution from worker sorting (i.e. 2Cov(x;,vVj(;))) -

In the counterfactuals we consider, we first reduce the heterogeneity across firms in amenities
or production complementarities by replacing either g;(x) with (1 — s) g;(z) + sg; or 6; with
(1—s)0; + s0, where g; = E, [g;(x)], § = E[0;]. Here, s € [0,1] is the shrink rate with s = 0
corresponding to the baseline model. By reducing the heterogeneity in production complemen-
tarities, we are effectively making amenities more important for the allocation of workers to
firm (and vice versa). Once we have chosen the counterfactual values of g;(x) or §;, we solve
for the allocation of workers to firms. Keeping the wages fixed at baseline values (s = 0), we
then compute Corr(x;,1;(;4)) and 2Cov(x;,v;(;,+)) at the counterfactual allocation of workers
to firms.

Figure 8 illustrates the importance of amenities versus production complementarities for the
sorting of workers to firms. In this figure, we report the quality of the workforce by firm type in
the baseline economy with s = 0 (subfigure a) and the counterfactual economies with s = % for

either amenities (subfigure b) or production complementarities (subfigure c). The results from
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Figure 8: Actual and counterfactual composition of the workforce by firm types

Notes: In this figure, we reduce the heterogeneity across firms in amenities or production complementarities by
replacing either g;(x) with (1 — s) gj(x) + sg; or 0; with (1 — s) 0; + s0, where g; = Ey [g;(z)], § = E[0;]. 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 in the baseline economy with s = 0 (subfigure a) and the counterfactual economies with
s = % for either amenities (subfigure b) or production complementarities (subfigure c).

these counterfactuals are presented in Figure 8 and suggest that production complementarities
are the key reason why better workers are sorting into higher paying firms. Figure 9 complements
these results by plotting estimates of Corr(wz;,1;¢; ) and 2Cov(x;,v;(;+)) for counterfactual
economies with different 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.

6.5 Progressive taxation and allocative efficiency

As shown in Section 4.4, the government can improve the allocation of workers to firms in
two ways. First, a less progressive tax system may reduce the misallocation that arise from
the tax wedge. Second, letting the tax rates vary across markets may improve allocation by
counteracting the differences in the wage setting power of firms. We now use the estimated

model to perform a counterfactual that quantifies the impacts of such a tax reform on the
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Figure 9: Worker sorting with counterfactual values of g;(z) and 6;

Notes: In this figure, we reduce the heterogeneity across firms in amenities or production complementarities by
replacing either g;(z) with (1 — s) g;(x) + sg; or 6, with (1 — s) 0, + s0, where g; = E [g;(x)], 0 = E [0;]. Here,
s € [0, 1] is the shrink rate with s = 0 corresponding to the baseline model. We report the share of log earnings
variance explained by sorting (subfigure a) and the sorting correlation (subfigure b).

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 — A) equal to zero. Second, we remove the labor wedges in the first order conditions of the
firms. These wedges causes misallocation of workers across firms with different degree of wage
setting power. As proven in Online Appendix C.8, the labor wedges can be eliminated by setting
7 equal to the labor wedge 1 + f—% 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 {W;:(X,V)},, and a tax policy (A, 7), we define the welfare as:
W, =E {mjax wir (4, (14 ) TWie(X5, Vi) )

where ¢; is set so that profits and tax revenues are distributed among all the workers in pro-

portion to their earnings:

1
o E [TWi(X;, Vi))‘] = ant +E [W;(Xi, Vi) — TW; (X, Vz‘t)A]v
—_—

gOVCYIl!IlC!lt revenue

redistribution profits

In other words, we redistribute profits and tax revenues in a non-distortionary way.

The result are presented in Table 9. They suggest the monopsonistic labor market creates
significant misallocation of workers to firms. Eliminating labor and tax wedges increase total
welfare by 5 percent and total output by 3 percent. 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.
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(1) (2) Difference

Monopsonistic No Labor between
Labor Market or Tax Wedges (1) and (2)
Log of Expected Output log E[Y}] 11.38 11.41 0.03
Total Welfare (log dollars) 12.16 12.21 0.05
Sorting Correlation Cor(Yji, x;) 0.44 0.47 0.03
Labor Wedges 1+ % 1.15 1.00 -0.15
Worker Rents (as share of earnings):
Firm-level prﬁ-rBA 13.3% 12.3% -1.0%
Market-level 5% 18.0% 16.7% -1.3%

Table 9: Consequences for Worker Allocation and Outcomes of Eliminating Tax and Labor
Wedges

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 — X)
equal to zero. Second, we remove the labor wedges in the first order conditions of the firms by setting 7 equal
to the labor wedge 1 + i—g 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.

7 Conclusion

The goal of our paper was to quantify the importance of imperfect competition in the U.S. 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 employer-employee panel
data set by combining the universe of U.S. business and worker tax records for the period
2001-2015. Using this panel data, we described several important features of the U.S. labor
market, including the magnitudes of firm-specific wage premiums, the sorting of workers to
firms, the production complementarities between high ability workers and productive firms, and
the pass through of firm and market shocks to workers’ wages. Guided by these empirical
results, we developed, identified and estimated a model of the labor market that allowed us
to draw inference about imperfect competition, compensating differentials and rent sharing.
We also used the model to quantify the relevance of non-wage 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 U.S. labor market.

When considering the interpretation and generality of our study, we emphasize a few caveats.
First, 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. Second,
our structural model makes several simplifying assumptions, partly to prove identification and
take the model to the data. For example, we model individual behavior, and hence do not
consider any interdependencies between spouses in the choices of whether and where to work.'4

Moreover, we assume no mobility costs or search frictions, and we do not explicitly model human

M 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.
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capital investments or wage growth over the life cycle. Third, ideally one would observe and be
able to exogenously change both the component of productivity that is specific to a firm and the
component of productivity that is common to all firms in such markets. Since we do not have
such an ideal experiment, we instead have to reply on the panel data. We show the assumptions
under which these data can be used to identify the parameters of interest, and we discuss how
some — but not all — these assumptions may be relaxed if one have access to instruments for
productivity at both the firm and the market level. Fourth, 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 U.S. 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.'® For these
(and other) reasons, our estimates should not be interpreted as a full accounting of the causes

and consequences of imperfect competition in the U.S. labor market.

15 Atkeson and Burstein (2008) relax this assumption in the context of the product market. Berger et al. (2019)
adapts such an approach to modeling imperfect competition in the labor market, adding decreasing marginal
returns, capital and general equilibrium.
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For Online Publication

A Online Appendix: Data Sources and Sample Selection

All firm-level variables are constructed from annual business tax returns over the years 2001-
2015: C-Corporations (Form 1120), S-Corporations (Form 1120-S), and Partnerships (Form
1065). Worker-level variables are constructed from annual tax returns over the years 2001-2015:
Direct employees (Form W-2), independent contractors (Form 1099), and household income and
taxation (Form 1040).

Variable Definitions:

e Earnings: Reported on W-2 box 1 for each Taxpayer Identification Number (TIN). Each
TIN is de-identified in our data.

e Gross Household Income: We define gross household income as the sum of taxable
wages and other income (line 22 on Form 1040) minus unemployment benefits (line 19
on Form 1040) minus taxable Social Security benefits (line 20a on Form 1040) plus tax-
exempt interest income (line 8b on Form 1040). We at times also consider this measure

when subtracting off Schedule D capital gains (line 13 on Form 1040).

e Federal Taxes on Household Income: This is given by the sum of two components.
The first component is the sum of FICA Social Security taxes (given by 0.0620 times
the minimum of the Social Security taxable earnings threshold, which varies by year, and
taxable FICA earnings, which are reported on Box 3 of Form W-2) and FICA Medicare
taxes (given by 0.0145 times Medicare earnings, which are reported on Box 5 of Form
W-2). The second component is the sum of the amount of taxes owed (the difference
between line 63 and line 74 on Form 1040, which is negative to indicate a refund) and the
taxes already paid or withheld (the sum of lines 64, 65, 70, and 71 on Form 1040).

e Net Household Income: We construct a measure of net household income as Gross
Household Income minus Federal Taxes on Household Income plus two types of benefits:
unemployment benefits (line 19 of Form 1040) and Social Security benefits (line 20a of
Form 1040).

e Employer: The Employer Identification Number (EIN) reported on W-2 for a given TIN.
Each EIN is de-identified in our data.

e Wage Bill: Sum of Earnings for a given EIN plus the sum of 1099-MISC, box 7 nonem-

ployee compensation for a given EIN in year t.
e Size: Number of FTE workers matched to an EIN in year t.

e NAICS Code: The NAICS code is reported on line 21 on Schedule K of Form 1120 for

C-corporations, line 2a Schedule B of Form 1120S for S-corporations, and Box A of form



1065 for partnerships. We consider the first two digits to be the industry. We code invalid

industries as missing.

Commuting Zone: This is formed by mapping the ZIP code from the business filing
address of the EIN on Form 1120, 1120S, or 1065 to its commuting zone.

Value Added: Line 3 of Form 1120 for C-Corporations, Form 1120S for S-Corporations,
and Form 1065 for partnerships. Line 3 is the difference between Revenues, reported on
Line 1c, and the Cost of Goods Sold, reported on Line 2. We replace non-positive value

added with missing values.

— For manufacturers (NAICS Codes beginning 31, 32, or 33) and miners (NAICS Codes
beginning 212), Line 3 is equal to Value Added minus Production Wages, defined
as wage compensation for workers directly involved in the production process, per
Schedule A, Line 3 instructions. If we had access to data from Form 1125-A; Line 3,
we could directly add back in these production wages to recover value added. Without
1125-A, Line 3, we construct a measure of Production Wages as the difference between
the Wage Bill and the Firm-reported Taxable Labor Compensation, defined below, as
these differ conceptually only due to the inclusion of production wages in the Wage
Bill.

Value Added Net of Depreciation: Value Added minus Depreciation, where Depreci-
ation is reported on Line 20 on Form 1120 for C-corporations, Line 14 on Form 1120S for

S-corporations, and Line 16¢ on Form 1065 for partnerships.

EBITD: We follow Kline et al. (2018a) in defining Earnings Before Interest, Taxes, and
Depreciation (EBITD) as the difference between total income and total deductions other
than interest and depreciation. Total income is reported on Line 11 on Form 1120 for
C-corporations, Line 1c¢ on Form 1120S for S-corporations, and Line 1c¢ on Form 1065 for
Partnerships. Total deductions other than interest and depreciation are computed as Line
27 minus Lines 18 and 20 on Form 1120 for C-corporations, Line 20 minus Lines 13 and
14 on Firm 1120S for S-corporations, and Line 21 minus Lines 15 and 16¢ on Form 1065

for partnerships.

Operating Profits: We follow Kline et al. (2018a), who use a similar approach to Yagan
(2015), in defining Operating Profits as the sum of Lines 1¢, 18, and 20, minus the sum of
Lines 2 and 27 on Form 1120 for C-corporations,, the sum of Lines 1c, 13, and 15, minus
the sum of Lines 2 and 20 on Form 11208 for S-corporations, and the sum of Lines 1c, 16,

and 16c¢, minus the sum of Lines 2 and 21 on Form 1065 for partnerships.

Firm-reported Taxable Labor Compensation: This is the sum of compensation
of officers and salaries and wages, reported on Lines 12 and 13 on Form 1120 for C-
corporations, Lines 7 and 8 on Form 1120S for S-corporations, and Lines 9 and 10 on

Form 1065 for Partnerships.



e Firm-reported Non-taxable Labor Compensation: This is the sum of employer
pension and employee benefit program contributions, reported on Lines 17 and 18 on
Form 1120 for C-corporations, Lines 17 and 18 on form 1120S for S-corporations, and
Lines 18 and 19 on Form 1065 for Partnerships.

e Multinational Firm: We define an EIN as a multinational in year t if it reports a non-
zero foreign tax credit on Schedule J, Part I, Line 5a of Form 1120 or Form 1118, Schedule
B, Part III, Line 6 of Form 1118 for a C-corporation in year t, or if it reports a positive
Total Foreign Taxes Amount on Schedule K, Line 161 of of Form 1065 for a partnership in

year t.

e Tenure: For a given TIN, we define tenure at the EIN as the number of prior years in
which the EIN was the highest-paying.

e Age and Sex: Age at t is the difference between t and birth year reported on Data
Master-1 (DM-1) from the Social Security Administration, and sex is the gender reported
on DM-1 (see for further details on the DM-1 link).

Goods Services All
Midwest ~ Northeast, South West Midwest  Northeast South West Al
Panel A. Full Sample
Observation Counts:
Number of FTE Worker-Years 42,908,008 26,699.951 40,312,311 31,585,748 103,227,384 447,519,609
Number of Unique FTE Workers 9,318,707 6,088,530 10,215,128 7,712,759 26,519,284 89,570,480
Number of Unique Firms with FTE Workers 294,879 232,717 439,641 329,566 1,051,548 1,908,178 6,478,231
Number of Unique Markets with FTE Workers 1,508 264 1,774 910 4,092 4,909 16,141
Group Counts:
Mean Number of FTE Workers per Firm 22.1 17.8 16.1 16.3 10.4 9.6 11.4
Mean Number of FTE Worl per Market 2,012.9 6,856.7 1,586.3 2, 1,221.0 2,097.7 1,915.1
Mean Number of Firms per Market with FTE Workers 91.3 384.9 98.3 156.0 1174 217.7 167.6
Outcome Variables in Log $:
Mean Log Wage for FTE Workers 10.76 10.81 10.70 10.81 10.61 10.74 10.62 10.70 10.69
Mean Value Added for FTE Workers 17.36 16.80 16.68 16.64 16.18 16.04 15.94 16.07 16.31
Firm Aggregates in $1,000:
‘Wage Bill per Worker 43.6 50.7 422 52.9 34.1 442 35.8 40.3 40.8
Value Added per Worker 91.2 107.5 85.2 91.7 90.5 111.1 94.2 92.3 95.2
Panel B. Movers Sample

Observation Counts:

Number of FTE Mover-Years 11,543,303 15,513,020 31,643,497 28,390,782 50,052,742 ¢ 1 207,990,422
Number of Unique FTE Movers 2,829,881 3.876,182  7,723.804  6.662,132 11,904,098 8,321,469 32,070,390
Number of Unique Firms with FTE Movers 144,268 215,092 571,360 549,064 1,018,957 700,618 3,559,678
Number of Unique Markets with FTE Movers 261 872 3,899 739 4,766 15,586
Group Counts:
Mean Number of FTE Movers per Firm with FTE Movers 13.5 11.9 11.2 11.6 8.2 7.9 7.9 8.2 8.9
Mean Number of Mo per Market with FTE Movers 864.8 2,991.3 732.4 1,318.1 599.3 2,655.3 761.5 1,123.7 940.6
Mean Number of Firms per Market with FTE Movers 64.1 251.1 65.5 113.4 2.7 337.1 96.4 137.7 105.5
Outcome Variables in Log $:
Mean Log Wage for FTE Movers 10.68 10.77 10.64 10.78 10.59 10.72 10.61 10.70 10.67
Mean Value Added for FTE Movers 16.72 16.52 16.28 16.36 16.04 16.02 15.88 16.01 16.12
Panel C. Stayers Sample
Sample Counts:
Number of 8-year Worker-Firm Stayer Spells 2,588,628 1,777,928 1,237,821 1,150,115 2,315,238 2,527,212 2,609,997 2,207,552 16,506,865
Number of Unique FTE Stayers in Firms with 10 FTE Stayers 798,575 532,507 416,549 354,518 740,091 865,629 724,155 5,217,960
Number of Unique Firms with 10 FTE ers 13,884 10,896 9,409 9,767 18,083 19,475 19,626 16,185 117,698
Number of Unique Markets with 10 Firms with 10 FTE Stayers 197 111 216 104 335 213 438 219 1,826
Outcome Variables in Log §:
Mean Log Wage for FTE S S 10.95 10.99 10.97 10.99 10.90 11.01 10.96 11.05 10.97
Mean Log Value Added for FTE Stayers 18.04 17.56 17.46 16.56 17.45 17.23 17.89 17.93 17.61

Table A.1: Detailed sample characteristics

Notes: This table provides a detailed examination of the full sample, movers sample, and stayers sample.



B Online Appendix: Key Features of the U.S. Labor Mar-
ket

B.1 Unconditional Moment condition
Lemma 1. Under Assumptions 1 and 2 and assuming v = Y, we have that

E [Ayjciy (Witsr — Wir—rr — ¥ (Yj(i) tr — Yiiyi—r)) 1Si] =0 for 7> 2,7 >3,
where we defined S; = 1[j(i,1) = ... = j(i,T) = j(i)].

Proof. We start by expressing each of the terms Ay, Wittr — Wit—r and Yy i4r — Yj(i),e—r

using the assumptions on the process presented in Section 3. We get that:

Ayje = uje + & — Ejr—1 + 6Y (&je—1 — Eje—2)

and
t+7
Yi(i) pbr — Yji(i) -1 = Z Wjd + Ejtrr — Ejt—rr +0Y (Ejtgr—1 — Eje—rr—1)
d=t—1'+1
and finally
t+1
— 6'111
Wi tpr — Wigtr = Z Mid + YWj(iy,d F Vieyr — Vie—rr + 0" (Vitgr—1 — Vie—7/—1) -
d=t—7"+1

Taking the difference using 7, the second term in the product only contains transitory firm

shocks:

t+7
Witer = Wit—r =7 (Y0 t4r — YjCi—r') = D fid + Viegr — Vitwr + 0" Wirgr1 = vit—rr1)
d=t—7'+1
— ¥ (&tgr — Ejt—r +0Y(Ejtar—1 — Ejt—r—1)) -

The permanent firm shocks 4;; and @;, cancelled each other. Finally, when multiplying by Ay;,

we end up with the following list of cross-products:

E [wj(yepialSs = 1for d =t — 7' +1,..,t+7

E [uj(i%tyid\si = l]for d=t+rt+7—-1t—-7,t—-7 -1
E [¢0)avialSi=1ford=t+7,t+7—1,t—7t—7" —land d =t,t —1,t — 2

E [&ayarmialSi =1]ford=t—7"+1,..t+7andd =t,t —1,t -2

Aslong ast+7—1>tand t — 7 <t — 2 or in other words that 7 > 2 and 7’ > 3, all terms
will be equal to 0 thanks to Assumption 2.



We also get E [£(;)aéj(i)a|Si = 1] which is zero by Assumption 1 when d # d’. The com-
bination d = d’ does not appear when 7 > 2 and 7" > 3 and hence we also get that all terms

average to 0 giving our result:

E [Ayjye (Wittr = wit—r =7 Wjo.e4r = Yico.e—r)) 1Si] = 0.
Finally we we also establish that the coefficient on -y is strictly positive. Indeed E [ij(i)t (yj(i)’HT — yj(i)’t,T/) |Sl]
includes a E [uj(i)tuj(i)t|5i = 1] which is strictly positive whenever U% >0 or o2 > 0. O

B.2 DiD expression

Lemma 2. Under the assumption that VA growth is —§ or § each with probability one half,
the pass-through parameters v can be expressed as the ratio of two Difference in Differences as

follows:

E[wityr — wig—7 |46, Si=1] — E[wityr — wiz_7|—0, S;=1]
E [yj(),e4r = Yit)a—r 140, 8i=1] = E [y;0) 04+ — Yj(0) t—r| =0, Si=1]

Proof. We show in this section that v can be written as the ratio of two difference-in-difference.
We start with the following expression for v where we have shown in Lemma 1 that the denom-

inator will be strictly positive:

= E [ij(i)t (Witr — Wig—rv) |5i:1]
B [Ayjye jo.eer = Yica—r) [9i=1]

We rewrite the numerator under the assumption that the value added growth only takes 2 values

+6 and —¢, as if it was a binary instrument:
E [ij(i)t (witJrT - wit,T/) |Sz:]-] =6-Pr [ij(i)t = (5] E [wit+7 — Wit—1/ |51:1, ij(i)t = 5]
— 8- Pr[Ay;aye = —0] E [Wiryr — wir—r[Si=1, Ay;iye = —0]
0
= _E [wit4r — wir—r|Si=1, Ay;(iy; = 0]

2
)
- iE [witJr'r - witf'r’|sz':]-7 ij(i)t = —5] .

We then rewrite the denominator in the exact same way to get:

5
E [Ay;ae (Ui e0r = Uit 4—) 19=1] =3B [yj0) - = Yjco) 4 1Si=1, Ayjcire = ]
5
= 3B Y56 04r = Y500 1Si=1, Ayjpe = —6] -

giving the following final expression:

E [witqr — wig—7 |46, Si=1] — E [witqr — wis_7|—0, S;=1]
E [yj),t4r — Yj)t—r |46, Si=1] = E [Y;0),e47 — Yj(),e—r|—0, Si=1]

’y:



The numerator is a difference-in-difference for earnings where the change between ¢t — 7/ and
t + 7 is the first difference and the change between Ay;;y, = —0 and Ay;(;) = ¢ is the second
difference. The denominator is the same Diff-in-Diff applied to the firm value added. O

B.3 Moment condition with market shocks
Lemma 3. Under Assumptions 1 and 2, we have that:
E [Ay;ciye (@itgr — Wit—r — 7 Ty 47 — Tj(iyt—r)) 1Si=1] =0 for 7> 2,7" > 3.

where Wy = wiy — E [wi/t | j(i',t) € Jr(j(i)t))] denotes wages net of market-time dummies.

Proof. As in Lemma 1 we express each of the three terms separately. The expression for Ay,

is identical and we can split the permanent shock into market and firm specific:

Ayt = s + Up()e + e — Eje—1 + 0¥ (Eje—1 — Eji—2)

Next we look at the difference in earnings:

t+1
~ ~ _ ~ 511)
Wit4r — Wit—7 = Z tid + YUj(),d + Vitrr — Vie—rr + 0" (Vit4r—1 — Vit—r/-1)
d=t—7'+1
t+71
Ly L
—E| Y pat vk = Vi + 8 (Witsr—1 = Vi) |§() € r(§(3))
d=t—71'+1
t47’
J— 77 611)
= Z fid + YUj(i),d + Vitrr — Vit—r' + 0" (Vit4r—1 — Vit—r/—1)
d=t—7'+1

where the expectation terms reduces to the common market shock since firm level permanent
innovations average to zero in the market by definition and that firm specific transitory shocks

average to zero by assumption. The market shock then cancel each other and the expression

reduces to
t+7
~ ~ ~ w
Witgr — Wit—g = E id + VUj(),d + Vitrr — Vit + 0% (Vitgr—1 — Vit—r/—1) -
d=t—r/+1

Similarly we can express the value added term as

t+71

Uiy it — Yjti)p—r = Z Ui(i),d + &jerr — Ejt—rr + 0V (Ejppr—1 — Eje—rr—1) -
d=t—1'+1



Combining the two gives:

t+7
Witpr — Wig—g — 7 (ﬂj(i),t+T - gj(i),t—‘r) = E pid + Vityr — Vit—rr + 0% (Viggr—1 — Vig—71-1)
d=t—7'+1

=Y (Etr — §jt—r + 0 (§jtr—1 — &jt—r—1))

where the firm level shocks %, canceled each other. For reasons identical to Lemma 1, as long

as 7 > 2,7’ > 3, all interaction terms will average to 0, delivering the result:
E [Ayjiiye (@it — Witz =7 (@i t4r — Ticot—r)) [Si=1] = 0.
Note that one can instrument with either Ay;(;); or A, since both include ;. O

Lemma 4. Next we establish that

E [Ay;(),t (Wittr — Wit—rr =T (Fj) 00 — Fjiyi—r)) [9=1] =0
fort>2,7>3

where Wy = E [wire | §(i',t) € Jo(jgiay)]-

Proof. Similar to the previous Lemma we start by expressing each term. At the market level

we get:
t+71
wit+‘r — Wit—r =T E ar(j(i)),d
d=t—7'+1
t+7
Yjt+r — Yjt—r' = E Up(5(3)),d
d=t—7'+1

and

Ayjt = Uyt + Up(ye + e — Eje—1 +0Y (Eje—1 — Eje—z) -
This gives rise to a similar but simpler approach. as long as 7 > 2,7’ > 3, all interaction terms
will average to 0, delivering the result:
E [Ayjii)t (@itrr = Wit—r = T ()04 = Uj(iy—r)) [Si=1] = 0.

Note that one can instrument with either Ay;;y, or Ay, since both include ;. Also note
that here we used the fact that the transitory shocks average out within market but we could

have relaxed that. O



B.4 Adjusted two-way fixed effect regression

Lemma 5. We show that

E[wit - 'Y(yj(i,t),t - yj(i,t),l) - (T - ’Y) (ﬂr(z‘,t),t - ﬂr(z’,t),l) |j(ia 1), ~~~>j(ivT)] = ¢ij(z’,t)~
Proof. We assume that the initial conditions for the permanent component of earnings is w?; = 0
and hence we load the initial condition into the match effect ¢;;. We then get that

t
Wit = Gijiit) + D Hir + VikjGie) r + LUr(i(i0)) r + Vi + Vi1

T=2

and similarly we get that

¢
YiGie),t — YjGie),1 = Z Uii, 0,7+ Wigi,e),r
T=2
+&— &1+ 0% (&ii—1 — &io)

and by assumption on the transitory errors and firm specific innovation we get that
t
Elgriy,e — Ur@i),1ld (0, 1), .., 305, T)] = Zﬂr(i),r
T=2
t
Elyjciy.e — ¥icayali(is 1), 50, T)] = Zﬂr(g‘(z‘)),r + Uj(),r
T=2

and bringing all together we get that

Elwit — vt — Yiap,1) — @ =) (gr(i,t),t - ﬂr(z’,t),l) l7(2,1),...,5(i,T)]
= i) T E[Gie + 0% -1 — &in — 0Y64005(4, 1), ..., 5(3,T)]
= Qij(it)-

Using the average change at the firm and market level allows removing the time varying common
part at each time t. Using y;(; 1)1 allows removing the fixed effect (; from the firms. In practice

one can use the average instead of the first value in time for y;(; )1 and ¥p,¢),1- O

B.5 Estimating the rest of the process parameters

We estimate the pass-through rates in two steps. First, we estimate the parameters for the value
added process. Second, we jointly estimate the pass-through parameters and the parameter of
the wage process for the worker.

For the value added process, we use a GMM approach where we put the full variance-

covariance in growth from a panel of 8-year spells for stayers. The matrix of moments uses the



growth at t = 3,4,5,6,7.1 This is in order to not use any data from the first (t = 1) and last
(t = 8) years of the spell. We do this because first and last years of a spell can be partial spells,
hence focusing on the middle alleviates the issue of not observing within-years dates for start
and end of job.

So we construct a 5 x 5 matrix M, from the data where the (p,q) element is My(p,q) =
Cov(Ayip, Ayiq). We can construct the same moments matrix in the model as a function of
{0¥, 0y, 0¢} which we denote M (p, q; 6%, 0u,0¢).We use as a matrix the diagonal matrix with
variance implied by joint normality across the Ay;;. The weight associated with C'ov(Ay;p, Ayiq)
is then Wy (p, q) = Cov(Ayip, Ayiq)? + Var(Ayp)Var(Ayig).

The estimator is the minimum distance estimator defined as:

7 7
arg_min Y > Wy (p,q) (M (p, ;0% 0w, 0¢) — My (p, )’

5Y .0,
,0u,0¢ =3 =3

In step 2 we construct two matrices each of size 5 x 5:

My (p, q) = Cov(Aw;y, Aw;y)
Mwy (p7 Q) = OOU(AwiZN Ayiq)a

and we denote M (p,q;0",0,,0,,7,¢) and M (p,q;6",0,,0,) as the matrices constructed
from the model. These matrices are also functions of (6¥,0y,0¢) and we use the parameters
estimated in the first step. The weighting matrix is constructed in a similar way using diagonal

weights only and the joint normality assumption.

W (p,q) = Cov(Aw;y, Awig)? + Var(Aw;,)Var(Aw;,)
Wwy (p7 Q) = COU(AU}@, Ayiq)2 + VaT(Awip)Var(Ayiq)

Finally we do the following:

7 7
arg min ZZWw(pa Q) (Msj(p,q;(sw’glt,ay,f}/,C) - Mw(pa Q))2 +

qu;(;’”’,ﬂu,yffw%( p=3 q=3

* w 2
Wwy(pv Q) (Mwy(p, q; d sy Opy Ovs s 4) - Mwy(p7 Q)) .

In practice, all of these expressions are polynomials in the parameters. We solve the mini-
mization problem using global polynomial optimization as in Lasserre (2001). This allows us to
formally certify the global optimality of the solution.

For inference, we use a joint bootstrap of M,, M, My,. We computed the bootstrap by
resampling at the commuting zone by industry level, representing about 2000 clusters.

The main results are displayed in Online Appendix Table B.1. Additional heterogeneity and

robustness analyses are presented in Online Appendix Figure B.1.

'In the case of MA(1), one can also use t = 2, however we wanted to test for MA(2) as a robustness.



GMM Estimates of Joint Process

Firm Only Accounting for Markets
Log Value Added Log Earnings Log Value Added Log Earnings

Panel A. Process: MA(1)
Total Growth (Std. Dev.) 0.31 0.17 0.29 0.16
(0.01) (0.00) (0.01) (0.00)
Permanent Shock (Std. Dev.) 0.20 0.10 0.17 0.10
(0.01) (0.00) (0.01) (0.00)
Transitory Shock (Std. Dev.) 0.18 0.10 0.17 0.10
(0.01) (0.00) (0.01) (0.00)
MA Coefficient, Lag 1 0.09 0.15 0.09 0.15
(0.01) (0.00) (0.01) (0.00)
MA Coefficient, Lag 2 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Permanent Passthrough Coefficient 0.14 0.13
(0.01) (0.01)
Transitory Passthrough Coefficient -0.01 0.00
(0.01) (0.00)
Market Passthrough Coefficient 0.18
(0.02)

Panel B. Process: MA(2)
Total Growth (Std. Dev.) 0.31 0.17 0.29 0.16
(0.01) (0.00) (0.01) (0.00)
Permanent Shock (Std. Dev.) 0.20 0.10 0.17 0.10
(0.01) (0.00) (0.00) (0.00)
Transitory Shock (Std. Dev.) 0.17 0.10 0.17 0.10
(0.01) (0.00) (0.01) (0.00)
MA Coefficient, Lag 1 0.05 0.21 0.07 0.21
(0.05) (0.01) (0.04) (0.01)
MA Coefficient, Lag 2 -0.03 0.04 -0.01 0.04
(0.03) (0.00) (0.02) (0.00)
Permanent Passthrough Coefficient 0.15 0.13
(0.01) (0.01)
Transitory Passthrough Coefficient -0.02 0.00
(0.01) (0.00)
Market Passthrough Coeflicient 0.18
(0.03)

Table B.1: GMM estimates of the earnings and value added processes

Notes: This table displays the parameters of the joint processes of log value added and log earnings. These
results come from joint estimation of the earnings and value added processes (3) and (4) using GMM. Columns
1-2 report results from the specification which imposes 7" = v (“Firm only”), while columns 3-4 report results
from the specification which allows 7" to differ from ~ (“Accounting for Markets”). The top panel assumes the
transitory components follow an MA(1) process. The bottom panel permits the transitory components to
follow an MA(2) process. Standard errors are estimated using 40 block bootstrap draws in which the block is
taken to be the market.
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Figure B.1: Heterogeneity in pass-through rates of firm shocks

Notes: This figure displays heterogeneity in the GMM estimates of the pass-through rates of a firm shock, both
for the firm only model (imposing 7" = ) and when removing market by year means (permitting 7" # ~).
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B.6 Mobility Bias and Firm and Worker Effect Estimation

Sample: Full Sample > 2 Movers Connected Set
Workers in 2001-2008:
Worker-Years (Millions) 245.0 227.8 2274
(100.0%) (93.0%) (92.8%)
Unique Workers (Millions) 66.2 61.8 61.7
(100.0%) (93.3%) (93.2%)
Workers in 2008-2015:
Worker-Years (Millions) 232.9 2124 211.9
(100.0%) (91.2%) (91.0%)
Unique Workers (Millions) 64.0 58.8 58.6
(100.0%) (91.9%) (91.7%)

Table B.2: Floor on Number of Movers and the Connected Set

Notes: This table demonstrates the fraction of workers kept in the sample in the AKM and BLM analysis when
imposing that a firm must have at least two movers and must belong to the connected set of firms.
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Figure B.2: Earnings Variance and AKM Estimates of Firm Component by Earnings Floor

Notes: In this figure, we report estimates of the variance of log earnings (subfigure a) and AKM estimates of
the firm component (subfigure b) when imposing different FTE wage floors. Literature abbreviations are BBDF
for Barth et al. (2016), SPGBvW for Song et al. (2018), Sorkin for Sorkin (2018), and LMS for the baseline
estimates in this paper.
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Figure B.3: Event Study of Changes in Earnings when Workers Move Between Firms

Notes: In this figure, we classify firms into four equally sized groups based on the mean earnings of stayers in
the firm (with 1 and 4 being the group with the lowest and highest mean earnings, respectively). We then
compute mean log earnings for the workers that move between these groups of firms in the years before and
after the move. Note that the employer differs between event times -1 and 1, but we do not know exactly when
the change in employer occurred. Thus, to avoid concerns over workers exiting and entering employment during
these years, one might prefer to compare earnings in event years -2 and 2.
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Figure B.4: BLM Decomposition by Number of Clusters

Notes: In this figure, we estimate the BLM decomposition for different numbers of firm clusters.
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Goods Services

Midwest Northeast  South West Midwest Northeast South — West

Panel A. Model Parameters
Idyosinctratic taste parameter (371) 0.200
(0.044)
Taste correlation parameter (p) 0.844 0.694  0.719  0.924 0.649 0.563  0.744  0.619
(0.179) (0.153)  (0.160)  (0.182) (0.141) (0.109)  (0.246)  (0.117)
Returns to scale (1 — ) 0.746 0.764  0.863  0.949 0.753 0.740 0.814 0.752
(0.016) (0.013)  (0.017)  (0.019) (0.013) (0.015)  (0.036)  (0.015)
Panel B. Firm-level Rents and Rent Shares
Workers’” Rents:
Per-worker Dollars 6,802 6,681 5737 8,906 4,234 4,847 5,009 4,805
(770) (723) (720) (867) (502) (803)  (1,295) (684)
Share of Earnings 16% 13% 14% 17% 12% 11% 14% 12%
(2%) (1%) (2%) (2%) (1%) (2%) (4%) (2%)
Firms’ Rents:
Per-worker Dollars 4,041 4,198 7,465 20,069 3,531 3,007 6,915 3,018
(1,243) (1,130)  (2,681) (6,323) (1,004) (1,305)  (5,650) (1,060)
Share of Profits 8% % 17% 52% 6% 5% 12% 6%
(3%) (2%) (6%)  (16%) (2%) (2%)  (10%) (2%)
Workers’ Share of Rents 63% 61% 43% 31% 55% 61% 42% 61%
(4%) (4%) (5%) (4%) (4%) (5%) (9%) (5%)
Panel C. Market-level Rents and Rent Shares
Workers’” Rents:
Per-worker Dollars 7,837 9,102 7,572 9,506 6,115 7935 6,422 7,230
(1,319) (1,532)  (1,274)  (1,600) (1,029) (1,335) (1,081) (1,217)
Share of Earnings 18% 18% 18% 18% 18% 18% 18% 18%
(3%) (3%) (3%) (3%) (3%) (3%) (3%) (3%)
Firms’ Rents:
Per-worker Dollars 4,940 6,311 10,000 20,346 5,734 5897 9,363 5,153
(1,140) (1,350)  (2,267)  (5,787) (1,351) (1,786) (4,218) (1,433)
Share of Profits 10% 11% 23% 54% 10% 9% 16% 10%
(2%) (2%) (5%)  (15%) (2%) (3%) (7%) (3%)
Workers’ Share of Rents 61% 59% 43% 31% 52% 57% 41% 58%
(3%) (3%) (4%) (5%) (3%) (4%) (8%) (4%)

Table B.3: Market Heterogeneity in Model Parameters and Rent Sharing Estimates
Notes: This table displays heterogeneity in the estimated model parameters and rents. These results

correspond to the specification which allows 7" to differ from -y, and for p, and a, to vary across broad markets.
Standard errors are estimated using 40 block bootstrap draws in which the block is taken to be the market.
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income observed in the data.
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C Online Appendix: Model of the Labor Market

C.1 Derivation of equilibrium wages
Given the nested Logit preferences and a given set of wages Wy = {W;(X,V)},_, ; we get
that
Priji,t)=41X;=X,Vy=V] = NMx(X)My (V)
Pr
(Zres, (1GH (X)) Wi (X, v )M1er)
S (Syen, (G (X)) Wyn(X, V)10 )

(TG u(X))/Pr Wi(X, V)Nl or
Sieg, (TG (X)) Wy (X, V)M e

X

Pyt

and
pr

B [ual X, V] = % 10g Y S (7G5 (X)) (Wi (x v e

r JjEJI,
It is useful to introduce a few definitions before stating the lemma:
(1 —ar)AB/pr
1+ A3/ pr
V= / VMy(V)dV

C, =

Lemma 6. Assume that firms believe they are strategically small. That is, in the firm first

order condition, we impose that

X V)
We can then show that for firm j in market r,
S U
Wii(X, V) = C, X%V H; ATl (34)
__2XBlor_
Hj, = Lj Ay, roreier (35)
I8 V)=V el ) (36)

where hj; is tmplicitly defined by

1
_ TFarxB/or
Hj = (V / X058/ ¢ (X) (rG(X)P/Pr o8l e dX) :
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and we define

_ (LX) (1 M
Krt(X) = MX(X) Zr’ Ln/t(X))\ﬁ (Irt(X)>

pr/(AB)

__ar \ A3/pr
, Yirg \ e
Li(X)= | (TI/AGJ*%X)”*CTXQJ Aj’t(Aj ) )

2
jredy, gt

Proof. We start from the firm problem specified in the main text including the tax parameters.
We have:

1—a,
max A, / X%VD (X, V dXdV) —//W. X, V)D;y (X, V)dXdV
oo B ) ( (X, V) (X, V)Dyu(X,V)

AB/pr
(Lo (X, V)" WX, v>) o

sit. Djy(X,V) = Mx(X)My(V) S L (X, V)P (Ga‘ (X) I+(X,V)

and defining:

A3 AB/pr
Krt(X7 V) = MV(V)MX (X) Z(I/T;Ei({;(/)sf))\ﬁ (Irt()l( V)>

We substitute in the labor supply function and take the first order condition with respect to
th (X, V)

V., \ Toar
Wi (X, V)W/m«) Tﬁ/”TGj(X)B/p’“VAjt (Jt)

A
(1_%))(9]' <Bth(X7 V)Aﬁ/prl+
Ajy

o K (X, V) W5,

= 7B8/Pr G (X)PPr ((1 + AB) Wi (X, V)P 4

r

Wi (X,V) )

and under the assumption that % = 0, the FOC then simplifies to
J )

Y. _132r
(1 + Aﬁ) Wi (X, V) :ﬁu —a,) X% AV (ﬁ) :
r Pr Ajt

or

Y -2
Wi (X, V) =C.VX% A [ S
Ajy

Let’s then turn to the output of the firm,

1—a,
Yji /A = ( / X0V - K(X, V) (1G5 (X)) Wiy (X, V)M’/Prdde>
_arXB/pr

gt

= / / (X V) AV K (XL V) (7G5 (X)) (Cr A ( dxXdv
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and so,

1—ap,
(}/jt/Ajt)l-‘r(XrAB/pr (/ X9 1+A5/Pr (X V) (TG ( ))B/pr C:\B/pTdXdV>

Aﬁ)(l ar)XB/pr

We then note that

pr/(AB)
L(X,V) = ( VAG (X)YA W (X, V))w/pr
j'E€Jr
74 1/,\ X)L 0., Yiry — 2\ AB/pr pr/(AB)
_ J;T e O X% Ay, (Aj/) )
=V I4(X).

N - LM ( 1 \M -
ext we define K,.(X) = Mx(X) S o\ T , we replace the expression for the

wage to get:

A8 AB/pr
K (X, V) = My(V)Mx(X) Z:({Tt](r,)f(,)‘(/)g/)’\ﬁ (Irt()l( V))

= My (V) K (X)V0/er,
Using V', we have:

1—a,
(th/Ajt)Harw/pr _ <V/X0j(1+,\5/pr)Krt(X) (TGJ-(X))W”T CTAB/pTdX> (Ajt)(l—ar)Aﬁ/Pr’

and for the wage, introducing

_ 5/ TFar B /or
Hj, = (v / XA Ky (X) (1G5 (X)) C?Wpf*dX) :

then
(}/jt/Ajt)l-‘rarA,B/P'r — (Hjt)(l_ar)(l+ar>\5/pr) (Ajt)(l—aT)Aﬁ/pr ’

we get:

v\ T
Wit(X,V) = C, X"V Ay (A)

Jt

1
0, —a A O+arXB/pr)
= C, X" VH;*A[]
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In addition we have
Lji = / / X0V Ky (X, V) (rG (X)) Wiy (X, V)M/PrdXdV
= V/Xaj(l"r)\ﬁ/pT)KTt(X) (TGj(X))'B/p" (CTHj—tar)/\B/pr (Ajt)% dx
::11;jarAﬁ/pT—arxﬁ/ml4;3§?%%z:

T
_ . 1+agr Pr
- JtAjt

hence G

R . T I¥arrB/pr
Hj = L]tAjt
O

Lemma 7 (Uniqueness of Hji). The firm and time-specific equilibrium constants Hj; are

uniquely defined.

Proof. As we have established in Lemma 6, for firm j in market r, H;; solves the following

system:

prry —1

_ ﬁ/ﬂ , AB/p
" —a, A 7' . (2%
Hj, = [V / > 1D (Xwa TG (X)CYH,,y ) ALy

r’ 3'€d
pr—1
<> (XM%-'TGJ-,(X)cﬁHj—,f"*)B/p AferApier
j'ed,
R S
T+arAB/pr

x X00E38/00) (G (X)CN) P My (X)dX

i

Where we replaced the K,(X) and then [,,(X) and finally W;(X, V) with their definitions in

the expression for H;;. To show uniqueness we are going to show that H it = (Hj)™" is unique.

Using ﬁt = (ﬁ[ e H Jt), it solves the following fixed point expression:

prry 1
N _ N B/p %
iy = |V / S| X (rxrre ey ) AT (37)
r’ jred.
pr—1

XN G (XVCN = B/”A%
X Z( 7 7Gy(X)C; j't) 't

J'edy
X )(@(1+Aﬁ/pr)(T(;j()()czg)ﬂ/pT]MLX()()d}( TFarAB/pr

—

=T (Hy)

We show that this expression satisfies the two conditions required to apply Theorem 1 of Kennan
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(2000). We first look at the common part to all j terms given by

o 0 N\
_ — ., v/ I+,  AB/p .
nx )= | Y Y (KM ) T AT
r! j'ed
and we see that
VN
26, v TFa, N/
(X, - Hy) = ZM * (X% 76 (x)CN ;) AL
j'ed
= pMTy(X, Hy)
Hence we get that
8/pr
- ) = [V [ XOER9008 (X - £) (1650002
=1
BV Ad AP TS ’ TFarAA/or
1Y (X G (X ) CTH]?t) AT MX(X)dX}
j' €y
ZM% {V/X%(Hﬁ/pr)ft(x,u - H,) (TG],(X)(]TA)WPT
pr_l
N y B/pr _ABlor TFar X8/
x| 3 (G (X)) AT My (X)dX]
J'E€d,
(A—pr)arXB/pr+ABay -

=u TFarAB/er T (Hy)

arAB/pr —

—=pTrerxs/or Ty (Hy)

Then, given H, > 0 such that Ft(ﬁt) = H, then for any 0 < @< 1,any r and any j € J,., we

have
— ~ arXB/pr — ~
Dol Hy) = o Hye = w50 Ty (FL) — -
arAB/py

= pTForXs/or .Hjt — - Hjt

arXB/pr

= p(pTrerafer Tt = 1) -y

>0

>0
which means that we have shown that Ft(ﬁt) — H, is strictly “radially quasi-concave”. The next
step is to show monotonicity. Consider H 1¢ and ﬁgt such that for a given j we have H, jt = I~{2jt

and ﬁlj/t < I:Ilet for all other. Then we have that for all j',t and X:

Hyjry < Hojry
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hence for v = r(j’),

A A
XM (XVON TN Blpy A1+aﬁ/xp6r//prf > (XM G (X)ON =N Blpy AH&?,/;BT//,JT,
TG (X)C 15/t 't = i'TGy (X)Cn 247t 't
and for any v’ and X,
XB/p o A8/
- Blprr T ET— - B/pr BT
2O, A - T 1+O¢T/>\5/PT/ 2O, A - m 1+0¢T/>\/3/PT/
S (G (X)) AL > 3 (XM (X)C Y ) AL
3'€J j'ed.

and taken to the power minus one implies that I';(X, ﬁlt) <Ty(X, HQt). Then, since p,. < 1 we
also get that:

pr—1
V) A\ s
v - ar Pr
M (MG (X)) AT
Jj'€Jdr
pr—1

. AB/p
Blen A 1+0<7~M3T/pr
J't

<> (X*GJ'TGj/(X)C,%HZ;ﬁ

J'€Jr

Combining the last two results gives us that

— —

Ti(Hye) <Tje(Ha)

The fact that the function is “radially quasi-concave” together with the monotonicity gives
uniqueness of the fixed point by the theorem in Kennan (2001). This means that H, is unique,

and hence that f{jt is unique and finally that Hj; is unique. O

Definition 2. We consider a sequence of increasingly larger economies indexed by an increasing

n'where n}f = k,n" for some fixed k. In this sequence of economies we assume that the amenities
. 0 —pr()/B
scale according to Gj(X) = G;(X) (ni(j)) J

the mass of workers grows according to N = n' - af - N.

for some fixed éj(X ). We also assume that

Lemma 8. Here we establish that the unique solution for Hj; in the limit of a sequence of

growing economies is given by

e R vy
T o ForXB/pr
Hyy=H; A,
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where H; solves the following fized point:

B (Lo(X AB 1 AB/pr . Blor R . m
e (V/ng (Ioo((X))> (IO(X)> (G 0C) T N My (X)dX

A A A A pr—ran \ PP T
Lo(X)¥/or =, [(X Gy (X)crm ) A B/M]

V-
Iy(X)* =E, [JTO(X)ABA;;WB]

Proof. Consider the expression for H;; from the beginning of Lemma 7:

prr\ 1L
A
= 0., A pr—cu A Blop 1+n,€/kp[;‘;p,,/
H= [V [ [ S (%76 (x0)ch i, AT
r’ 3'€Jd

pr—1
B/pr AB/pr
< | 30 (MG O )T Az

j'edr

x X0 H38/00) (7G5(X)CN) P N My (X)dX

1
} T+ar B/pr
b)

° Pr(j /B o _
and let’s introduce n' and nf, G;(X) = (nf,(j)) v G;j(X) and N = (n" n" R) 'N
Ny prr\ —1
= 1 1 A0, A A 77— A B/ W
Hjt = |:V/ EZ < Z (X J TGj(X)CT’Hj’t ) Aj’t
r e,
pr—1
1 0./ s —arA 6//)7. %
o X0 (R0 ) T AT
™ jedr
0; (1+2B/pr) ° A Bler K o m
x X0 pr (TGj(X)(X)C,_) —NMX(X)dX} ,
For

As the economy grows large, ie has n' grows to infinity, we end up with the following expression

AB/pr

prry 1
_ . o A\BlP il
Hj; = [V / (Er (Ej’ (3020 7 Geyo ()N ) AL ) )

s A B/P7~ __AB/pr pr—1
X <Ej (X)‘ej'TGj(X)O?H;ta"' ) A;ftarxg/pr>

. B/pr K
X0 (1HA/pr) (TGj(X)(X)C;\> o ENMX(X)dX

Ky

S S
] T+arXB/pr
)

next we show that Hj; can indeed be expressed as stated in the lemma. Let’s assume that
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AB/pr (pr—1)

Hj, = Hj - AlFor? Urerd?o0 and show that it solves the problem. We first note that
AB/p -~ Ny AB/p
Eﬂeh (ij/q-é (X)C H—a M)B/pr/ j1,4trar/>\/3/pr/ :]Ej/ (X)‘GJ/TG (X)C H—a /A)/i/ﬂr/ _” S Pt (HaMﬁ) (HaMB/pT)AilJra AT
AB/pr 8/ _ ABlppr
:A:t+a7.>\/3 ]Ej (X/\SJ,TG (X)C:\/Hj_,ar//\) P ’A~1+0 I ABpr
AB/pr
_ Ar1t+a,.>\/3 ITO(X))\ﬁ/pT

hence

B -1

= T1l4+a A8
Hj = [V/ (ET’AM " ]r'O(X))VB>
71,\;5/,;; \ pr—1
« (Ar;rm. ﬁIrO(X) ﬁ/pr)
0, (1478 pr) 2 N TFar 5B
x X pr (TGj (X)CT) n,.NMX(X)dX}
_ TF A8 /\L? -1 pr—1
[V/ ( WAL ,0<X>”) x (Lo(x)M/r)
0;(1+78/pyr) ° A B/pr o m
x X0 pr (TGj(X)cr) /{TNMX(X)dX}
where a sufficient condition is that H; solves
AB 1 AB/pr i 8/pr . TFarxB /o
/ X% < rof > ( ) (XMJ'TGJ-(X)O,%) NMy (X)dX
Io(X)
where
Y \ 1/(AB)
O

We can then establish the final result.

Proposition 1. The wage equation is given by

) 1
T+ aB/p T TraB”

wj(x,v,a,a) = ¢ + 02 +v — ahy+

where
)‘B/pr - AB _
gt — Qg
T+ oA/ 7" T+ aAB
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Recall that

Ml

1+ ar)\ﬁ/p'r' 7t
B (pr — D)AB/pr _ }
T 0+ ar8) (L + arG/pn) Tt 0

h]‘t == Ejt

hence we get

M A8
1+ a,.AB/pr gt 1+ a,.\8 rt
hjzéj(&zo,d:O)

hj =i

Next, we replace the expression in the wage to get

1 _
14+ a.\6 rt

wi(x,v) = ¢ +0jz+v—ahj + t+

1 N
T+ a,\3/p,

= w;(x,v, Gy, Ajt)-

where we defined

1 1

. 77~ = Cr 0,; - ’l“h" a a.
wj(z,v,0,8) =c,+0j2+v—« J+1+%/\g/pra+1+a,-)\ﬂa

Note that wj:(z,v) depends on time only through a,; and a;;.

Corollary 1. The firm demand is given by:

A A r
(X A1+arlkﬂ/pr ’ 1/>\G' X 1/>‘W' X ol
ro(X)A,, T i (X) ;i (X)

1
IO(X) I’,‘O(X)A’rl‘tﬁ»a,,-)\ﬁ/p,,.

Dji(X, V) = Mx (X)

We also derive the other quantities of the model.

Corollary 2. The value added and wage bills are given by

- ‘ 1+ 78 _ L+ M3/pr
yj(a,a> =(1- ar)hJ + (1+ ar)\ﬂ)a 1+ ar)\ﬂ/p?”a
1+)\5 B 1+/\ﬂ/pr ~

bj(a,a) =c, + (1 — ay)h; + A+ a )" 1+ arb/pr

We turn to expressing the value added at the firm:

1—a,
(igt/Ajt)H‘aT‘w/p” = (/ VX7 (1+28/pr) | G],(X)B/prdX) (C, - Ajt)(l—ar)kﬂ/pr

(pr — 1)AB/pr

(L+arAB/pr) (yje — aje) = (1 — an) (hj ST

) (1= )M/ pr (er + az)
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and for the wage bill:

Bji = / W(X,V)D,,(X,V)dXdV

AB B/ pr
IT’ A1+ar>\[-l I/AG_ X 1/)\ v
/ W(X,V)mx(X,V) % % (W (X, V))Aﬁ/pm) dxdv
o) Lo(X) AT
T+arAB A 1/A 1/ AB/pr
Iro( )A ar T G(X)
/ mx (X, V) W —
° Lo(X) AT
1+AB/;>T,(J-) 1+Aﬁ/pr(j)
« (C,THj_a)Aﬂ/prm (/Ijt> T Xar () B/ Pr(j) /L,lt“ar“)ﬁ dxdv
L+A3 1+ AB/pr

bit =cp 1—a.)h;
it = Cr + ( a)]+(1+a6)a 1+0¢,-/\B/p,-a

and so we get that
yj(fl, d) - bj (EL, &) =c,
Note that this gives us that the structural pass-through rate of the firm level shock is (with

abuse of notation):

Ologw;(a,a) dloga 1
dloga dlogyj(a,a) 1+ A3
Ologw;(a,a) dloga  p,

Odloga .alogyj(&,d) e AB
Corollary 3. Firm j worker composition does not depend on a and a.

Proof. Consider Pr[X|j,t]:

Pr[X|j,t] = Pr[X, j|t]/Pr[j]t]

— (Ifroo(())(()))w (Irol(X))/\B/p% (T OJ A>ﬁ/p7 \
T (58 ()" (s xmwax) " Ny (x)ax
(350(())(()))/\5 (lTol(X))/\ﬁ/pT ( ’\(’JTG X)C; ) ol NMx (X
= f (1;60(()()(/,))),\/3 (ITO%XIOAB/M (X’M’WG C )B/pr NMX (X)dxX!
= Pr[X|j]
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C.2 Worker rents

Lemma 9. We establish that for workers of type (X, V) working at firm j in market r at time

t, the average firm level rent is given by ‘}1[/13(7/_)3(/;/) and the average market level rent is given by
Wit (X, V)
1+238

Proof. The average rents at the firm is defined as the difference between the worker’s willingness
to pay W and the wage they actually get at firm j at time ¢ denoted W;,(X,V). The supply
curve Sj:(X,V,W) exactly defines the number of people willing work at firm j at some given
wage W. Hence the density of willingness to pay among workers in firm j at time ¢ at wage

W; (X, V) is given by
1 9S,4(X,V, W)
Sit (X, V, Wi (X, V)) ow

and so we get the average value of the rent by taking the expectation with respect to that

density:

RE(X, V) =E[Rj|j(i,t) =5, Xs = X, Ve = V]

Wy (X,V) 1 88,:(X,V, W)
- (X, V) — s
/0 (Wi (X, V) = W) Si(X,V, Wi (X, V)) ow w
s 1 080X, V, Wy (X, V)
= jt(va)/O (1-w) St (X, V, Wi (X, V)) Ow dw
1 AuwB/ pr
~ W) [ (1-)
_Wuxv)
1+ A3/pr

where the second to last step relies on the definition of S;;(X, V, W) and the fact that we assume
the presence of many firms in each market to show that S;;(X,V,wW) = wB/pr Si (X, V,W).
We can then take the average over (X;, Vi) the workers in the firm j € J,. at time ¢ to get

B[R |j(i,t) = j] = B[R (Xs, Vie) | 4 (4, t) = j]
1

= T35/, E Wil Vi) 116 9) = J]

Next we want to compute the integral of the market level supply curve for each worker of type
(X,V). In contrast to the worker rent at the firm level, we want to shift the wages of all firms
in the market for a given individual in a given market. This means that we want to shift both
the current firm j but also all other firms j' in market r. Given the labor supply curve to a
firm j given by equation 33, we integrate by scaling all wages in market r by w in [0, 1]. More

precisely we consider the demand realized by the set of wages {wl[j E‘]T]VVjt(X , V)}j , for a given
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market r. The supply curve at firm j in this market as a function of the scaling w is then given:

(Ej’eJ,. (TG (X)) A wWjn (X, V))M”/”"')pr
P (Zj/ew (TVAG (X)W (X, V))w/p*’)pr
(PG (X )V Wi (X, V)) M7
Yjres, (TG (X)) AwWin (X, V)Mo
= WMS5H(X,V, Wii(X, V)

M - Mx (X)My (V)

where we also used the assumption that there are many markets in the first denominator. Hence

the density of willingness to pay is given by

1 o N
S(X, V., Wii(X,V)) 0w (WS (X, V, Wi (X, V)]

and by the same logic as as the firm level we get the following:
RE™M(X, V) =E[RE™[j(i,t) = §, Xs = X, Vi = V]

_ Wi(X,V)
1+A8 7

and we get that:
E[RE™|j(i,t) = j] = E [RF™ (X3, Vi) |53, 1) = ]

1

- WE (Wie(Xi, Vie) | 5 (4, t) = 7]

C.3 Firm-specific rent
Lemma 10. We establish that the firm rent is given by
1—ar)A8/pr

(
(L X3/pr) [ AB/pr \ ™ TFarxaler

I, — 12 = 1_a( -

" g L+a:A8/pr \1+A3/p, Jt

Proof. In the following proof we abstract from V to keep the derivation simpler. The firm rent
is defined as the difference between the profit that firm would make if it were a price taker and

the profit in equilibrium. To get the price-taker profit we maximize profit,

Aji (/Xe - Dy (X) dX) /Wpt - DPY(X)dX

taking the wage as given, and then equate with the supply equation. The first order condition
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is

pt T—ar
(1 — Oér) Athej <Y ) = I/Vpt (X)
N—— Ajt
Cpt

and the realized demand is given by:

pt AB/pr
DY (X) = M - Mx(X) (I”(X))w <Tl/*Gj(X)1/AW>

where we use I[(X)M =Y I,(X)*, assumed constant due to the large number of markets.
We then get that

ypt . 1—a,
A, (/ X -fo(X)dX)

)\ﬁ/Pr 1—a,
(L(XON\Y WP (X)
— X0 . [t (X)) | i N My (X)dX
[x-(ixy) oo™ (i K0
__or AB/pr I—ar
(LN OPtA, X% (YRV\ T
= 05 . rt . B/pr Y Agta gt
=1 /x (I(X)) (rG5(X) (%) \ Ag NMx (X)dX
t —arAB/pr
:(A_t)(lfozr)/\ﬁ/pr ﬁ
J Ajt
1—a,
X

(o () o ()

Ct A=ar)A8/pr [y P\ ~arAd/r
=2 A it
( C, Jt) Aju

) (/ng (I;t((;()))w (TGj(X))ﬁ/pr (%)/\5/% NMX(X)dX>1_aT

and

A Cr

gt

14+, A3/pr _
YR opt N (—en)38/pr
— (1_ '7‘)(1"" 7‘)\/8/ 7‘)
< J ( Ajt> HS;omranAsle

AB/pr-(1—ar)

t' ar i
th _ CTP I+arXB/p v,
it \c it
:
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which we replace to get the wage

/yPt —Toar
Wi 00 = cpax® (2 )

Jt

AB/p
" o. [ CP* O a8 o) Y
= CTI,J Ath J C Ajt H:“r

Jt
.

Ajy

1 AB/pr
Pt \ TFar s/or o [ CPt —Or (o, 58757
— (= O A, X" - "
C, C,

ot e a7
= ( C ) Wi (X)

and hence similarly for demand

" Cpt %
Dy (X) = ( o ) Dji(X)

and wage bill

BY = / WE(X) - DY (X)dX

—an,
Jt

CPt \ a7 Pt \ TRarsE7r
2/( C ) th(X)~<C > Dy (X)dX

1+X8/pr
<Cpt > T+arx8/pr
— r B it
- J
C,

We finally note that

1
Y = Ay (A§17a,,.)/\5/p,,.HJ(_tlfa7.)(1+a,,./\6/p7.)) TFarAB/pr

1?%?7 1
ar r — Qo
=A; ! Hjt
And similarly we get that
Bijq —/”Jt Djy(X)dX

/X9ac H:,% (A W) T - Dy (X)dX

— R S Y't L—ar
= CTHjtar (Ajt) T+ar B/pr <J>
jt
1 AB/pr
Tor TFarx8/pr H.: R Yeerrsvrrm
= CTHjt (Ajt) TFarxa/er Hjy (A]t) T FaraB/or)
= Cerjt
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And similarly we get that B;’tt = Cﬁ’tYﬁt. We get that

) pt pt pt
I — Hjt . ij, — Bjt
;¢ Yji — Bj
AB/pr-(1—ar)

t t - -
1—CPt [/ CPt\ TFaridls
1-C, \ C;
_(—arm)B/pr

—1_ (678 (1 + )\/B/pr) ( )\ﬂ/pr > T+arAB/pr
L+ arAB/pr \1+A8/pr

—1-

(I—ar)XB/pr

_ar(l—l—)\ﬁ/pr)( )\ﬁ/pr >_1+ar)\g/pr -
L+aA8/pr \1+X3/py jt

I, — 1%y = (1

C.4 Firms market rent

Lemma 11. We establish that the market level rents for firm j € J,. is given by

A—ar)AB
P (L+AB/pr) [ AB/pr \  THerAP
s L 1T
1+ a:A\8/pr \ 14+ A5/pr

Proof. Here we consider the case where all firm in a given market are price taker. In this case

we also get that the I.(X) changes. Firm wage is still given by

thm

<1—ar>Ath9j( ) — R (X)

jt
However the labor supply curve is not the same as in equilibrium anymore since all firms change

their demand.

m AB AB/pr
I (X) s TW
Sit(X, W) = (I(X) <Gj(X) / Ipttm(X)>

where

Pr/kﬂ

) = | Y a0 (o)™

Jj'edr

32



so similarly, we want to sub this definitions into Yﬁtm

YPtm l1—a,
o)

AB t AB/pr
ptm WP m (X)
XO rt ) G B/pr dx
o Aﬁ/pr 1—a,

A tm -
o, ("N o xpnyarer [ an)An X% (VR =
[x ( X) ) e 7 (X) ( ¥ ) “

1—a,

m AB N\ AB/pr 1-an ptm\ —&r AB/ps
. IR Pt x0 Y]
— Aol | [ —” O (G (C ) dx N
) Irt (X) Ajt
1—a,
)\6 r m - 'FAB i
_ A(.l_a'r‘)Aﬁ/pr /Xej . Ifttm(X) (TG_/(X))ﬂ/PT <Cpt X9 )Aﬁ/Pr 4 }/Jli)tt : e
g I(X) ’ I3 (X) A

(Hptn\ )1+0<7‘/\ﬁ/P7‘
Jt

40N or (pptm y(man) (e, ag/pe) (VP ) 7O [or
=4 (H7™) A
Jt

and we get a wage equation
1
t _ t 0. t —Qu arNB oy
WJP (X)) =CPt XY (er.)tm) A;; ABle

and as in the usual equilibrium we are left with finding H>'™ as a function of the market TFP

and amenities

1
o A8 AB/pr Thar B/pr
Ipt X) Crt X
Hptmi /XO (TG'/(X))ﬁ/pT <Tm ) NMx(X)dX
" X) ’ ™ (X)
and note first that
pr/AB
m ) m AB/PT
Im(X) = | Y (G (X)) (WEM (X))
i€y
pr/AB
s —ou\ A8/ pr AB/or
= | X e (cr (™) (g e
i€y
pr/ B
Cpt 3/ o —a\ A8/ Pr AB/pr
= (&) | X @ (o, (mym) ) T gy e
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Hj; . To see this we note that it

g lliedy)
C

and next we want to show that Hptm = (C—m

solves a very similar fixed point. Indeed

m AB . Aﬁ/Pr
m Iy (X Cpt X%
ijtt _ /X0 ( t () )) (TGj(X))B/pT <Iptm(X)> NMX(X)dX
Tt

AB .
Pt TFaras7sy €T .
= r T Hptm

C, Jt jt

1
1+arXB/pr

where F;t(~) is the operator defined in Lemma 7, equation 37 that defines H;; as a fixed point.
For this operator we know that th(ﬁ j¢+) = Hjt is the unique fixed point. The next step is to

7] o\~ Tranxs L]
check that Hj, defined such that its j component is H}, = (Cf ) Pharis ptm

roR it s afixed

point of the same operator I'*.

QA—pr)arXB/pr 1[j€JT,]

(A—pr)arAB/p .
~Trarxp S TiaE Al e ] ptm [ CP*
H*:

AB
>, C'pt T TfarXB T T+arAB/er R = ptm
* _
I, [Ht] - I, [Hjt }
T

C’IDt
C,
/p_ (A—pr)arAB/pr

. A8 .
<C’pt> T atks T esa et W€~ ryai ke i€ Ty

_H’

AB .
) ~TTa, a8/ L€ Ir]

ptm
H,

l+ar>\B 1[jeJy]

ptm
H,

hence H}, = Hj; for all j and so we get that

n Cpt 1+(x7>\ﬁ
H]%t — ( Cr ) Hjt

and so we get that

Wﬁtm(X) _ C'Ft X9j (Hptm) —Qr Am

Cpt XG H a1A1+ar>\ﬁ/Pv

Cpt 1+E¥r>\B
(C’ ) W (X)
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and note that them

15(X)

> (G (X)) (W)

pr/AB
AB/pr

Jj'edr

g

cpt
Cr

THarxA
) I+(X)

Next, let us rewrite the realized demand:

L™ (X

D?ttm(X) = (I(X)

<
¥

cpt
Cr
cpt
Cr

AB
)> (G (X)) (

2B

) T+arAg (
AB

) T+a,r- 38

tm >‘f8/9r
WP(X)
™ (X)

L+(X)
1(X)

Dj(X)

We then go back and compute output and wage bills.

1—a,
Ajy ( / X0 . D;?;m(X)dX>

)

ptm
Yji

Crt
C,

Y;

t

(A—ar)
> Tfa,r B
B = [ Wm0 - Dy 0ax

1428
Tfar B

cpt
C

As before we get that

W, —I3™ YT - BT
Hjt }/J _Bjt
A—ar)AB
1 4,(j$t ijt T+arAB
= 1 — T
1-0C, C,
_(d—ap)Ap
o (L+28/p) ( AB/pr )
1+a7‘>\B/pr 1+)\B/pr
(1+XB/pr) ( A8/ -Gy
H' _Hptm = ]__ar p’l" pT " H
gt gt 1_'_0[7")\/6/%% 1+)\/8/pr Jt
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C.5 A model with capital and monopolistic competition in the prod-

uct market

We develop here a simple extension of the model with capital and monopolistic competition
in the product market. Without loss of generality, we derive the results here in the case of
homogenous labor.

Consider a firm with production function Q = AKPL'~% access to a local monopolistic
market with revenue curve Y = Q!¢ hiring labor from a local labor supply curve L(W) = W#

and renting capital at price r. Profit is given by:
Q7 — LW —rK.
We first note that we can replace @ with the production function and get
(AKPLY=*)'"  — LW — /K.

Hence, considering perfect or monopolistic competition in the product market give rise to the

same revenue function. We will focus directly on the revenue function parametrized as:
Y = AKPL'~2,

where p = p(1 — €) with p being production and e being product market. We then have the

following Lagrangian for our problem:

AKPLY™ — LW —rK — pu(L — WP).

We take the first order condition for K and get:

r =1
h= (pAU“) ’

which we then replace in

AKPLY"® LW — 1K = A TN e o\
r - pALlfoc r pALlfa

P
r Pl _
i
p—1 ap
—(1+4) <7:4> L5 Lw
o)

which is just a re-interpretation of the original problem with A = (1 + A) (;,LA) yo = =L
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C.6 Welfare

We start by defining a measure of welfare given a set of wages and tax parameters. As presented

in the previous section the average utility that worker enjoy for a given set of wages is given by

pr

Mm_/M'I%Z:E:T%t)GﬂmWM dx

s jeJ,

and the total tax revenue and total firm profits are given by

R, = /E:E:Dﬁ Wie(X) — 7W;e (X)) dX

r jEJ,
/Ziﬁﬂ Wit ( Mf/ZXﬁﬁquﬁﬂ
r jeJn r jeJn
— B o Bnet
mzzymgk @td@ /mt Dji(X)dX
rojeJr
=Y, - B

To take into account changes in tax revenue and firm profit across counterfactuals, we redis-
tribute II; and R; to workers in the form of a non-distortionary payment proportional to net

A

wages, governed by ¢,. This means that each worker receives ¢;7W,;(X)" in transfers. This

total transfer equates II + R and is given by

/@m&@ﬁj%umxzm+&

¢ B =11, + R,

and hence
I1 + R+ Bt
1 + ¢t = Bnet

_I+B

Bnet
Y

= Bnet

Thus, the welfare is given by
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W, = %]Euijt +log(1 + ¢4)
pr
= %/MX(X) log» [ > (Tth(X)*Gj(X))B/” dx

r \jeJ,

utility from net-wages and amenities

+log > > Ay </ X -Djt(X)dX>1a

r jeJn

utility from profits

“tog [ 373 D(X)r ()

r jeJ,

extra cost because paid proportionaly

C.7 Walrasian Equilibrium

We consider an equilibrium as defined by a set of wages W5, (X)) such that worker choose where
to work optimally given these wages, and firm choose labor demand optimally also taking these

wages as given. In this equilibrium we make the tax system neutral A = 7 = 1.

1—a,
max A /X"fD.de) f/ W (X) Dy (X)dX
{D;e(X)}(x) ]t( it(X) ]t( )D;i(X)

which gives the first order condition

(1—a,)X%A; (/ X0 . Djt(X)dX) L W5(X)

or

c 6, Y'J(;‘ R
Wi(X) = (1 —a,) X5 4 { 5
Crt "
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Finally we can replace into the expression for output:

Ye N Tar
(ﬁ) = /X"J’ - Djy(X)dX
Aj

o (WEx)6(x)) ) BN 1
:/XefNM(X)~ (ZJEJT( (X065 (X) B/) - (W5 (X)G;(X)) odX
S (Zges, W(X)G(0) ) Sy, (Wa0)G (X))
arf/pr c B/pr\Pr
- gl (X)) > [ xosate ). (Sies, W306,0)"") (G
At 0 (Syes, Wi(X)G (X)) X, (WG (
_aB/pr
:A@/Pr ﬁ e (H(;)l-&-m-l?/pr
Jt Ajt Jt
v 1+1arB/pr ( )
jt T rppe\1+aB/or 4B/py
() 7 =y

where we defined

(Zjeh- (Wft(X)Gj(X))ﬁ/pr)pr . (CP*G,(X ))ﬂ/p,

: —dX
s (Sgen, W06 () 7) " 52, (Wi ()6 (X))

() T = /X(’J'*B//”NM(X)'

giving
W (X) =CPx% A ((Hc)lmﬁ/m Aﬁ/pr>1+a6/;>r

— Pt x i (H;t)fa"' (Ajt)m

. ~___(p=1)B/pr___ . L. . L.
next, defining Hf, = H7ATFem0Fas/rr following a similar proof to the main proposition we

find that

1 1
c = = t c ~ _
wé(z,v,a,a) = & + 0,2 — ah + 1+Oér5/pra+ 1—|—aﬂa
where
1
. IC (X) B 1 B/Pr . B 1+arB/pr
H = / X048 pr) ( 0 > G;(X)P/PrCP* N Mx (X)dX
f [ 500) \Inm®) 7
/B
o Blpr (< % g
S(X) = (E (Gexter (mg) ) T (A) T
which we can then replace to get the allocation to each firm given by
i) 8/
C 1+arp Pr
) . R (ITO(X)AT't ) G W]Ct (X)
for j € J, D5, (X) = NMx(X)

1 B rllr
>, (z:,o<x>A:;a~B) I(X) A

39



where we note that 7 does not enter the allocation.

We first study the effect of market power on the allocation. This goes through the market

B/pr
1+8/pr"

economy markdown. This means it does not actually affect allocation. To see that, we note

specific constant In the case where p = p,, the markdown only acts as an overall
that when p = p, the fixed point for h; reduces to the fixed-point of h;’ time a constant. Hence
we end up with only a scale in the equilibrium equation and no distortion in the MRS for workers
across firms.

In the case where p, are not the same across regions, we end up with a wedge in the wage
equation. This creates in terms a wedge in the allocation. Correcting such miss-allocation can
be achieved by having region specific taxes 7. set precisely to the inverse of the wedge. This
brings us back to the planner allocation.

We can also use the planner solution to evaluate the effect of tax-policies. The parameter
7 alone, does not creates a wedge on in the wedge equation, however it does not affect the

allocation as all options are equally affected.

C.8 Policy counterfactual

Lemma 12. Setting a tax policy to 1. = 1;%”"‘ and A = 1 achieves the competitive allocation
of workers to firms.
Proof. We plug in 7, = 1;[/3 ; 2z into the firm problem and show that it actually achieves the

planner solution in this context. Using the fix point equation for h; we get that

. _ Lo\ 1 \Mr . o \Blor
_ 0,(1428/pr) [ Lr0 , X pp—Aay
Hj = V/X <Io( )) To(X) (TG](X)CT H; ) NM(X)dX

A 2 A0 AN T7— A B/pr N%
IrO(X) P = Ej (TG](X)X JC,,, Hj T) Ajt arXB/pr
__ A8
I(X) =E, {ITO(X)WA;;MW}
where we notice that TC’;\ always appear together and under this particular policy we get that
7.C} = (1 — ;) and hence the h; coincides exactly with h§. This also applies to I,o(X) and

Io(X). We then see that this implies that D;(X) = D$(X). In other words such policy achieves

exactly the planner allocation. O

D Model identification and estimation

D.1 Moment condition in the dynamic model

We now derive the estimating equations and show how to consistently estimate the parameters
of interest using a sample of workers that stay within the firm over time. The derivation follows

closely the derivations of Section 3 of the paper. We seek to establish that the following moment
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condition holds in the model:

1
E |Ag;q Dit4r — Wit—r' — 57— (U = Yi() =7 =1 =
[ j(i).t <wt+ Wiy 1+>\,6/pr( (i)t — j(i) e )) IS } 0
_ _ _ 1 _ _
E {ij(i),t (wit+r ~ Wit T TG (i (i) 04w — yj(i)i—r’)) |Sz‘1} =0
fort>2,7 >3

which are the conditions of equation (6).

We start by looking at each quantity using the structure of the model.

L+ M8/pr &

- - ~ Yy Y
Givsn — Giun =T A/P0 B+ G = o+ 0 (e — €L )
T = Yo 1+Olr>\5/prt/:;/+1 T e P e
t+7
Wittr — Wit—r/ = Z fitr + Vittr = Vgt + &y = &y s 07 (Ez t—7'—1 §$t+7’—1)
t'=t—7/+1
1 t+7
- i1
1+ Oz,./\ﬁ/Pr t’=tz—;’+1

and hence we get that for ¢ such that S;=1

1 1
~‘ _ ~‘ - ~ ~- . - - ’[j _ y
Wittr = Wit—s! 1+w/pr< (47 = T ) = 1+w/pr(ﬂ+f ja—r + 07 (Mf 1 gj’t,,,,l))

+ fz t—1! T é-il;tJrT’ + 6" ( ;’L;tfr’fl - git+7’fl)

and

1

i Y Y Y Y
muﬂi)’t &y = 07 ()~ &) -

Agjye =
We combine it all to get construct E [Agjj(i),t (d}iHT — Wit—gr — 7 (gj(wﬁ Gj(iy,t—r )) |S1—1]
The MA(1) measurement error in y;; is fully exogenous and doesn’t drive any decision as long
as use 7 > 2 or 7/ > 3 we can ignore them. We then focus on the terms left in the expression

and get:

1 T T (T T —
e TE A < 2 e = 0 G 5””7'1)> 'Sl_l}

t'=t—r1'

and given that the transitory worker shocks are also drawn iid and do not affect mobility decisions
(they are rewarded in the same way everywhere), we also drop them and finally focus on the

following term:

E

(i) Z 'UWSZ:I] - Z I [ﬂju),tuwlSi:l} =0,
=

t'=t—1’
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where we rely simply on the sequential independence assumption of Assumption 2: for ¢’ > ¢,
pip is drawn independently of past @;(;y, and for ¢’ < t, ;) is drawn independently of the

past ;. This finally gives that provided that 7 > 2 or 7/ > 3, then

1
E [Agi Vitgr — Wit—rt — ———>7— (U = Yi(iy—r) | [Si=1] =0
[ Yi(o),t (wt+ Wit 1+>\5/p7~( (@), t4+7 — Yi(),t )>| }

A similar result can be established when replacing Ag; ), with simply Ay;;) ¢ The derivation
of the second moment condition involving 7" follows from an identical derivation at the market

level. We get following the derivation of Lemma 4:

1 t+7
Witpr — Wity =7 U (5(i
= ! L+ Ay B d:t—ZT'-H N4

B B 1+)\B t+1
Yjt+r — Yjt—7/ = ur( j),d
1+/\ar(Jﬁd ;;H J

which cancel out in the difference to get the moment condition:

_ _ _ 1 _
E |:ij(7,‘),15 (wit+T ~ Wi =155 () tr — yj(i),tr’)> |Si:1:| =0.

A similar result can be established when replacing Ay; ;) , with simply Ay;(;y ;. Finally the fact

that )\}3 Ton and +1)\ 3 satisfy the same moment conditions as v and Y establishes the fact that
B 1
T 1 0/p,
1
BREDY:

D.2 Firm specific TFP a;, and amenities h;

We look the equation in the text given by

1

Elwi=1733

gr,t - (yj,t - gr,t)

pr
pr+ A8 jeJ,

il )= ]
We follow closely the steps of Online Appendix (B.4). We assume that the initial condition for
value added permanent component is @;; = uU,(;)1 = 0 and similarly for wages. We then get
that
1 . 1 _
R A T vy pal (ORI s v IO
1+ 28/pr . 1+X8 _

* = (1—a)h; . .

yj,t ( O() ]+1+)‘ar6/pra]t 1+)\arﬁat
1+ )28

g, = —— 2 G (1— )k,
yr,t 1+A rﬂatJr( )
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where we defined h, = E[h;|j € J,]. Given that the measurement error in y;; is mean 0 and

the same applies to v;; even conditional on mobility, we get that:

1 _ Pr _ Jlist)=j
E it rit it — Yr =0, ) j )
Wit pr+w(y“ rt) jed, i+
where we define \ N
’l/)_jEcr_arhj_ ﬁ(p’!‘_ )( _Oé’f')f

L+AB)(pr +8)
D.3 Identification and estimation of G;(X)
Lemma 13. We show that for all t,j € J.,r, X we have:
Texp(Ay) X G (X) = (Prij(i,t) € Jo | XDV (Prlj(i,t) = j| X, 5 (i, 1) € L)'

Proof. We have that:

T X AB/pr
( 1/)\Gj (X)l/)\ eXP(Tﬁjt) 0]-) o
E: T ex X AB/pr
j'ed, ( I/AG]" (X)l/)\ p(zbj’t) ojl) /e
Z: T AAB/pr\ P
( j'ed, ( l/)\Gj/(X)l/A exp(¢j,t)X91 ) )

2\ Pr!
Zr’ (Zj/EJr/ (Tl/)‘Gj/(X)l/)\ exp(wj/t)XOJ,))‘ﬁ/Pr )

Pr[j(i7t) :j|X>j(7’.7t) € Jr] =

Prj(i,t) € J. | X] =

let’s fix a given ¢ and let’s write G;(X) = G,.(X)G;(X) where we impose the normalization that

Z (Tl/)\éj,(X)§ eXp(wj/t)ngl))\ﬁ/Pr 1

Jj'edr
> G(X) =1

then we get that

Prlji,) = 31 X.3(0.1) € ] = (7PC, ()% expl,x® )
Prij(i,t) € J.| X] = (G.(X))”
and hence

Texp(Mj ) X G (X) = (Prlj(it) € J. | XY (Prlj(i,t) = j| X, j(i,t) € J,])*/?

and since this is independent of the normalization, we get that this is true for all ¢.
O

Next we explain the estimation procedure that relies on the expression that we just derived.
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For estimation we are going to use a group structure both at the firm and at the market level.
For the firm grouping we use the one we obtained by classifying based on firm specific empirical
distribution of wages called k(7). We follow a similar structure at the market level and group
based on the market level empirical distribution of earnings. We denote such classification by
m(r). At this point we think of the firm class k(j) to be within market type m, hence when
using the classification for Section 3, we interact it with the market grouping.

Using these two classifications we are going to rely on the fact that worker composition can
be estimated at the group level instead of try ing to estimate a distribution for each individual

firm and market:

PriX|j] = Pr[X|k(j)]
PriX|r] = Pr[X|m(r)].

Similarly to the Lemma we define G;(X) = Gréij(j)(X). Following the lemma we impose

the following constraints on G, and é’j:

i 1 AB/pr
Z (Tl/A (GJ/Gk(]/)(X)> exp()\z/)j,t)XAaj) =1

i€y
Y al=1

T

We then directly apply the formula for G;(X) at the firm group level k(j) within market

m(r(4))):
oo [(PrIXImINYP ( PriX R\ P
Gr(X) =X (p,pq) (w> |

Next we recover the j specific part by matching the size of each firm within its market:
0.\ B/pr
(TGk(j) (X) eXp()\lijt)X J)

dired. (Téj’Gk(j’)(X) eXp(/\wj't)ij/)

Prj(i,t) = j|j(i,t) € J,] = éf/f’r/ 575~ PriXim(r))dx

And similarly we get the market level constant by matching the market level size:

N B/pr\ P
<Zj'eJT (TGJGk(j)(X)eXP(Wj/t)ij/) >

Prlj(i,t) € J.| X] = éf/ ~NMx(X)dX

5 A 2o\ e\
ZT/ Zj'EJT/ (TGij/Gk(j/)(X) eXp(/\wj/t)X J )
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