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How do firms set wages? How should governments set income taxes? If labor supply is in-
elastic to wages, firms can pay workers less than their marginal products, and governments
can increase income tax rates without eroding the base. However, the structure of labor supply
elasticities in the economy is complex. Recent empirics document variation across workers,
firms, and margins, i.e. which firm to work at versus how many hours to work. To account for
this rich structure of labor supply elasticities we extend the neoclassical model of labor supply
to include a discrete choice over which firm to work at, and labor demand to include production
complementarities and strategic interaction between granular firms. In terms of wage setting,
we find that novel effects of worker heterogeneity account for 78 percent of the variable com-
ponent of labor supply elasticities and markdowns, and 89 percent of differences between large
and small firms. In terms of policy, higher progressivity makes labor supply less elastic, erod-
ing the tax base by widening markdowns and worsening sorting. These channels (i) produce
large declines in earnings following increases in marginal tax rates, consistent with empirical
studies, and (ii) reduce optimal tax progressivity by one-third and associated welfare gains by
two-thirds.
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1. Introduction
How do firms set wages? How should governments set income taxes? Answers to these ques-
tions depend on how responsive workers are to wages. If labor supply is inelastic to wages,
firms can pay workers much less than their marginal products, and governments can increase
marginal tax rates without eroding the tax base. Recent empirics suggest that using a single
elasticity to answer these questions is inadequate. First, elasticities vary across margins: when
offered different wages, workers are much more elastic on the margin of which firm to work at
than how many hours to work. Second, elasticities vary across workers: high skill workers are
much less responsive to wage differences across firms (Seegmiller, 2025; Bils et al., 2025; Volpe,
2025). Third, elasticities vary across firms: high productivity firms disproportionately employ
high skill workers (Bonhomme et al., 2019; Kline et al., 2020) and have larger market shares (Yeh
et al., 2022; Berger et al., 2022). Therefore, to answer how firms set wages, or how governments
should set income taxes, requires understanding the endogenous, joint distribution of firms,
workers and their labor supply elasticities on different margins.

In this paper, we propose a quantitative equilibrium model of labor supply and demand
that incorporates these empirical observations and so can be used to answer these questions.
We nest the benchmark neoclassical model in which a worker chooses hours and consump-
tion, while competitive, homogeneous firms decide how much labor to demand. To address
evidence on differences in labor supply across margins, we add a discrete labor supply choice
across heterogeneous employers. To address evidence on differences in labor supply across
workers, we add heterogeneity in worker skills, non-labor income, idiosyncratic preferences
for jobs, and marginal tax rates. To address evidence on sorting and concentration in labor
markets that generate labor supply elasticity differences across firms, we add heterogeneity in
firm productivity, production complementarities and strategic wage-setting between granular
firms.

Our theory connects to the data via its key implication that workers differ in their en-
dogenous marginal value of higher wages, and firms internalize these differences when set-
ting wages. In the benchmark neoclassical model, a worker’s marginal value of wealth shapes
their elasticity on the intensive margin of how many hours to work. In our model, a worker’s
marginal value of wealth also shapes their elasticity on the extensive margin of which firm to
work at. Adding imperfect competition in the labor market implies that these differences are
priced into wages. In addition to the marginal value of wealth, intensive and extensive mar-
gin elasticities are shaped by preference heterogeneity, marginal tax rates, transfers, non-labor
income and oligopsony forces via the firm’s employment share in the local labor market. An-
alytically, we provide formulas that characterize these different forces. Quantitatively, we find
that the marginal value of wealth is dominant. In terms of wage setting, it shapes markdowns
of wages relative to marginal products of labor, in the aggregate and across firms. In terms of
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tax policy, it shapes the allocation of labor to changes in taxes and the design of optimal taxes.
We identify and estimate key model parameters governing wage-setting and sorting from

three facts. First, higher-earning workers are less elastic in their labor supply to the firm,
both unconditionally and conditional on firm type (Seegmiller, 2025; Bils et al., 2025; Volpe,
2025). Second, high-productivity workers sort to high-productivity firms (Bonhomme et al.,
2019; Kline et al., 2020). Third, conditional on worker type, labor supply to high-productivity
firms is less elastic (Seegmiller, 2025; Bils et al., 2025; Yeh et al., 2022; Lobel, 2021).1 We provide
an argument that, through the lens of our framework, the first fact points to wealth effects, the
second to complementarities in production, and the third to oligopsony power. Remaining pa-
rameters are pinned down by declines in earnings following lottery wins (Golosov et al., 2024),
consumption inequality (Heathcote et al., 2020b), and the small share of firm fixed effects in
empirical decompositions of earnings dispersion (Bonhomme et al., 2019; Kline et al., 2020).
The model rationalizes these data under identical preferences across workers, with standard
functional forms and parameter values.

Our first quantitative result is that heterogeneity in labor supply elasticities across individu-
als and firms is almost entirely a matter of the extensive margin of firm choice. The mean overall
elasticity is 3.79, while the mean extensive margin elasticity is 3.86. Consistent with empirical
estimates, the (Marshallian) elasticity on the hours margin is tightly clustered around zero. This
underpins the results that follow as we shift the focus of wage setting and optimal policy away
from small, inelastic components of labor supply (hours) to a large, elastic component (which
firm to work at).

We then show that variation in these extensive margin labor supply elasticities is almost en-
tirely a matter of worker heterogeneity. The earnings weighted markdown in our economy is 35
percent. Half of this is fixed, reflecting dispersion in workers’ idiosyncratic tastes for employ-
ers, and would not respond to policy. The other half is variable, and heterogeneity in workers’
marginal value of wealth is the dominant source, accounting for 78 percent of variable mark-
downs. The small remainder is accounted for by oligopsony and tax progressivity. The same
forces explain differences across firms. That more productive firms tend to employ less elas-
tic workers accounts for 89 percent of the markdown gap between low and high productivity
firms.

This heterogeneity in labor supply elasticities generates new trade-offs for policymakers
between efficiency and redistribution. To demonstrate this we begin by showing that a com-
petitive labor market substantially increases wage and consumption inequality. Since high
productivity workers at high productivity firms are the least elastic, they are paid the widest
markdowns in equilibrium, and hence competitive wage setting increases their wages the most.
Workers also re-sort on the basis of these competitive wages, further increasing inequality. The

1These studies are in the U.S. and Brazil. Volpe (2025) finds that higher wage firms face more elastic labor
supply in Norway.
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variance of log wages attributable to differences in pay across firms increases by 50 percent. The
standard deviation of log consumption increases by 14 percentage points. In short, competitive
wages increase wages at the top and increase sorting, generating greater inequality. This sets up
our study of optimal tax progressivity. Intuitively, higher tax progressivity does the opposite:
decreasing wages at the top which will decrease sorting.

Fundamentally, higher progressivity reduces workers’ elasticity of labor supply across firms,
leading to four results. First, as expected from our study of competitive wages, equilibrium
comparative statics show that raising progressivity widens markdowns and worsens sorting
and aggregate productivity. An increase in the marginal tax rate at the 95th percentile of the
income distribution from 30 percent to 50 percent widens markdowns by 3 ppt, leading wages
to fall by nearly 5 percent. As workers become less elastic with respect to wages, sorting deteri-
orates, reducing productivity. This accounts for more than half of the decline in output, which
falls by 3 percent. These effects are large, but are they empirically relevant?

To answer this, we show that endogenous markdowns and sorting let us match large empir-
ical estimates of the response of earnings to changes in marginal tax rates despite a low Frisch
elasticity on hours. We analyze the Elasticity of Taxable Income (ETI): how much log average
earnings decline following an increase in marginal tax rates. In their survey, Saez et al. (2012)
bracket the ETI between 0.12 and 0.40, while Kleven and Schultz (2014) obtain 0.20 to 0.30 for a
large tax reform in Denmark. Our model delivers an ETI of 0.24. The endogenous responses of
markdowns and sorting account for 80 percent of our ETI, while reductions in hours account for
only 20 percent. This is consistent with Kleven et al. (2025), who estimate a small ETI on stayers
and much larger ETI on switchers. Hence the markdown and sorting responses to taxes are not
just theoretical possibilities. They allow the model to be consistent with empirical studies of the
effects of taxes on earnings.

Next, we show that these markdown and sorting effects also lead to lower optimal tax pro-
gressivity. For a nested model, we provide an analytical expression for optimal tax progressivity
that balances the marginal welfare gains from redistribution against three distinct costs associ-
ated with hours, sorting and markdowns. First, as in the standard model, high progressivity
increases the behavioral distortion associated with hours. As hours are generally inelastic, this
yields high optimal tax rates. Second, the sorting channel, by which higher progressivity re-
duces sorting toward high productivity firms, lowers aggregate labor productivity. As firm
choice is generally elastic, this substantially reduces optimal tax rates. Third, the markdown
channel, by which higher progressivity widens markdowns, reduces wages. This reduces the
tax base, further reducing optimal tax rates.

Motivated by these analytical results, we compute and decompose optimal tax progressiv-
ity in our full quantitative model. Standard models let only hours adjust. Adding sorting and
markdowns lowers the optimal tax progressivity parameter by 40%, lowers the marginal tax
rate at the 95th percentile by 20 percentage points, and lowers the welfare gains from opti-
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mal progressivity by 70%. As firms adjust their hiring patterns and markdowns in response
to greater progressivity, sorting and efficiency deteriorate. These steeper efficiency losses put
quantitatively relevant downward pressure on tax progressivity.

This paper sits at the intersection of two literatures: (i) the treatment of inequality in macroe-
conomics and public economics, with a particular focus on labor income taxes, and (ii) the
treatment of firms’ market power in labor markets.

Inequality in macroeconomics and optimal labor taxes. In a sequence of papers, Heathcote
et al. (2014) and Heathcote et al. (2017) develop and estimate tractable heterogeneous agent
economies to (i) measure how consumption insurance has evolved over time and (ii) to pre-
scribe optimal tax progressivity, respectively. In these papers, labor demand is obtained from
competitive, homogeneous firms, and workers are perfect substitutes. Sachs et al. (2020) study
optimal non-linear taxes in general equilibrium, where wages reflect (endogenous) marginal
products of labor. More quantitative studies that build on Heathcote et al. (2017) like Holter
et al. (2019) (and references therein) have incorporated an extensive margin (work or not work)
but abstract from firm choice. Berger et al. (2024) add progressive taxes to Berger et al. (2022),
but ignore worker heterogeneity and sorting. We contribute to the literature by incorporating
non-competitive wage setting, firm heterogeneity and sorting. Importantly, our focus is on a
margin of labor supply that is much more elastic—the extensive margin decision of which firm
to work at—rather than the intensive margin decision of hours to supply.

Another approach is to study optimal progressivity in Mirrleesian assignment frameworks.
Scheuer and Werning (2017) study competitive one-to-one assignment: workers match to firms
under supermodular production, generating a convex earnings schedule. Workers reallocate
across firms in response to tax changes, which amplifies earnings elasticities and creates a force
for lower marginal taxes. Hummel (2023) studies optimal taxes in an economy with a single
monopsonist and homogeneous workers. Concurrent work by Chen et al. (2026) develops a
related approach to taxation in matching environments with endogenous sorting and surplus
sharing. Their main quantitative application studies family formation, while a theoretical ex-
tension applies their methods to worker-firm matching under both competitive and monop-
sonistic wage setting. Our approach is quantitative: we model multi-worker firms with a cali-
brated firm size distribution, oligopsony, endogenous hours, complementarities in production,
and heterogeneous marginal utilities of wealth, and then we identify parameters from micro
data on labor supply elasticities, sorting, and wage decompositions.

Taxation has also been studied in search and matching economies (Arseneau and Chugh,
2012, 2023; Bagger et al., 2021). Arseneau and Chugh (2012) study optimal taxes in a representative-
household search model featuring a well-defined labor supply elasticity and smoothing mo-
tives for the representative household, but omits the type of firm heterogeneity, sorting and
strategic behavior present in our framework. Bagger et al. (2021) study optimal taxation in
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a random search model in which firms are ex-ante identical and workers have linear utility.
We contribute to this literature by allowing for ex-ante two-sided heterogeneity, heterogeneous
marginal utilities of wealth, endogenous labor supply as in MaCurdy (1981), and multi-worker
firms calibrated to match the observed firm size distribution.

Market power in labor markets. The labor literature on the causes and consequences of
monopsony power in the U.S. has grown rapidly (e.g. Berger et al., 2022; Lamadon et al.,
2022; Jarosch et al., 2024; Volpe, 2025). These papers abstract from the role for non-labor in-
come in sorting, labor supply, and firm wage setting decisions. Meanwhile, constant-hours
wage contracts disconnect labor supply decisions from their neoclassical treatment (MaCurdy,
1981). Mousavi (2021) considers monopsony with choice of hours and firms, but where firms
are atomistic and homogeneous. Lorenzini (2026) extends Berger et al. (2022) and shows how
complementarity in firm and worker types can increase labor market power for small firms.

Our paper contributes to the ongoing debate over the nature of firm premia in the U.S.
(Bonhomme et al., 2019; Borovičková and Shimer, 2024; Kline, 2024). Bonhomme et al. (2019)
argue that firm premia explain a small fraction of wage variance in the data; however, they
also find that high-type workers are disproportionately employed at firms with high premia.
Borovičková and Shimer (2024) argue that these facts are consistent with log supermodular
production and selection effects based on match quality. We show that a neoclassical model
of labor supply with labor market power is consistent with low firm wage premia and strong
complementarities in production. With competitive wages and complementarities, high skill
workers would get paid disproportionately more than other workers, leading to a significant
departure of wages from log additivity in firm and worker types. With labor market power
and worker heterogeneity, these workers’ wages are depressed due to wider markdowns, since
they are exactly the least wage sensitive workers.

Our model relates to work by Volpe (2025). Volpe (2025) extends Lamadon et al. (2022)
to include exogenous heterogeneity across workers in their marginal utilities of wages, and
hence their elasticity of labor supply. This generates sorting: workers with the highest marginal
utilities sort into the highest wage firms. For a given worker type, higher paying firms will
therefore have more wage-elastic employment. This is consistent with Norwegian data. In the
U.S. and Brazil higher paying firms face less wage-elastic employment (Seegmiller, 2025; Lobel,
2021; Bils et al., 2025). This holds in general, and conditional on worker type. We show that
a neoclassical model of labor supply with worker and firm heterogeneity, complementarity in
production and labor market power can fit these facts, and be consistent with decompositions
of wage inequality into firm, worker and sorting components as well as the response of earnings
to shocks to unearned income (Golosov et al., 2024).

Overview. Section 2 lays out the model. Section 3 characterizes properties of labor supply
elasticities to firms and sorting. Section 4 calibrates the model. Section 5 quantifies sources
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of markdowns and implications for wage inequality. Section 6 applies the model to study the
implications for optimal tax progressivity.

2. Model
At a high level, our model integrates standard macroeconomic preferences (MaCurdy, 1981)
with a discrete choice (McFadden, 1974) over strategic employers (Berger et al., 2022). To fa-
cilitate exposition, we begin by deriving optimal worker and firm behavior in an environment
absent taxes and non-labor income. We incorporate these elements when we estimate the model
in Section 4.

2.1. Environment

Agents. The economy consists of two types of agents, workers and firms. Firms are indexed
by j and exogenously distributed across labor markets indexed by m. There is a finite num-
ber Jm of firms in each market, and a large number of markets m ∈ {1, . . . ,M}.2 Firms have
heterogeneous productivity levels zjm. A measure Γ of workers is indexed by i. Workers are
ex-ante heterogeneous in their skill level ei and preferences for each firm ζ ijm. Let Γ(e) denote
the measure of workers with skill level e. Section 4 adds heterogeneity in non-labor income.

Utility. Workers value consumption ci, dislike hours worked hi, and have relative idiosyn-
cratic utilities for working at each firm ζi = (ζ i11, . . . , ζ

i
JMM). Worker i’s utility from working at

firm j in market m is as follows, where φ determines average hours worked:

U i
jm =

ci 1−σjm

1− σ
− 1

φ1/φ

h
i 1+1/φ
jm

1 + 1/φ
+ ζ ijm. (1)

Workers’ idiosyncratic preferences ζi determine the market power of firms when setting
wages. Additivity implies that if we consider two individuals with different levels of consump-
tion and hours, but identical idiosyncratic preferences, then they experience this component of
utility in the same way. For example, both of these individuals get the same utility from a
certain commute distance within a market, or being located in a market with many lakes. We
assume ζi is drawn from a nested Gumbel distribution. A parameter θ governs the inter-market
variance of preferences and η governs the intra-market variance:

Γζ
(
ζi
)
=

M∏
m=1

exp

−

(
Jm∑
j=1

e−ηζ
i
jm

)θ/η
 .

To illustrate, Figure 1 gives an example of an individual’s draws. This individual generally
prefers employment in Minneapolis to New York City. Under a lower θ, the gap between firms
across markets widens: Minneapolis firms are shielded from competition with New York City

2As in Lamadon et al. (2022), M is large enough that each firm has no influence on aggregates.
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Figure 1: Example of an individual’s draw of idiosyncratic preferences ζ ijm

firms. Under a lower η, the gap between firms within markets widens: Minneapolis firms are
shielded from competition with each other.

We nest three specifications adopted in the literature. First, as η and θ become large, there is
no heterogeneity in idiosyncratic preferences and we obtain MaCurdy (1981) preferences. Such
preferences are commonly deployed in settings that evaluate optimal tax progressivity with
incomplete markets in public economics and macroeconomics. Second, under log utility, and
absent an hours component, labor supply is as in Lamadon et al. (2022). If each market contains
infinitely many firms, then labor demand is also as in Lamadon et al. (2022). Third, under
log utility and Gumbel distributed ζ ijm, we can apply the aggregation results from Verboven
(1996) as in Berger et al. (2022) to obtain nested-CES utility. We show that departing from
log is necessary for the model to match reduced form estimates of differences in labor supply
elasticities to firms of low and high wage workers.

2.2. Worker problem

Workers face a distribution of wages per hour worked from all firms in the economy wjm(e)

and maximize utility subject to the budget constraint: cijm = wjm(e
i)hijm. When calibrating

the model, we will add a tax and transfer system, and non-labor income. To economize on
notation, we will use i to capture all heterogeneity across individuals, e.g. wijm = wjm(e

i) and
Aijm = A

(
zjm, e

i
)
.

To make clear how workers’ elasticities of labor supply are constructed, we attach the La-
grange multiplier λijm to the budget constraint conditional on working at firm jm:

max
j,m

{
V i
jm + ζ ijm

}
, V i

jm = max
cijm,h

i
jm

u
(
cijm, h

i
jm

)
s.t. cijm = wijmh

i
jm

[
λijm

]
.

The extensive margin decision of the household is captured by the households’ choice prob-
ability, ρijm. This expression is standard given the nested-Gumbel structure of idiosyncratic
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preferences. Let vijm = exp{V i
jm}, then:

ρijm =

(
vijm
ṽim

)η(
ṽim
vi

)θ

, ṽim =

[
Jm∑
j=1

(
vijm

)η]1/η
, vi =

[
M∑
m=1

(
ṽim

)θ]1/θ
. (2)

Exponentiating V i
jm, allows us to state the choice probability in a way that avoids ‘log-sums,’

and reflects the constant elasticity features imparted by the nested-Gumbel distribution.
The intensive margin decision of the household is made conditional on having already cho-

sen to work at firm jm and characterized by standard first order conditions:

(
cijm

)−σ
= λijm ,

1

φ1/φ

(
hijm

)1/φ
= λijmw

i
jm , hijm = φ

(
wijm

)φ(
cijm

)−σφ
.

2.3. Firm problem

Firms set wages that discriminate by worker skill e. We will maintain this assumption when
we introduce non-labor income, assuming that non-labor income is not observed by the firm.
The firm chooses wages of each worker type to solve:

max
{wjm(e)}

∫
A
(
zjm, e

)
njm(e)dΓ(e)−

∫
wjm(e)njm(e) dΓ(e) s.t. njm(e) = ρjm(e)hjm(e).

Similar to the worker problem, we economize on notation by letting superscript i encap-
sulate skill heterogeneity (for example, the labor supply elasticity is denoted εijm = εijm(e)).
The optimality condition for wages of skill level ei workers at firm jm can be represented as a
markdown µijm on the marginal revenue product of labor:

wijm = µijmA
i
jm =

εijm
εijm + 1

Aijm , εijm =
∂ log nijm
∂ logwijm

∣∣∣∣∣
wi

−jm

=
∂ log ρijm
∂ logwijm

∣∣∣∣∣
wi

−jm︸ ︷︷ ︸
Extensive margin: εi,ρjm

+
∂ log hijm
∂ logwijm

∣∣∣∣∣
wi

−jm︸ ︷︷ ︸
Intensive margin: εi,hjm

The labor supply elasticity is computed taking competitors’ wages as given. It has extensive
margin (εi,ρjm) and intensive margin (εi,hjm) components. We derive these below.

2.4. Equilibrium

The equilibrium concept is consistent with the granularity of agents in the economy. Workers
are infinitesimal and hence competitive. Firms are infinitesimal in the aggregate and hence
competitive, however within their own markets there are finitely many firms and hence their
behavior is strategic. The conduct assumed for this strategic behavior is a Nash equilibrium—
i.e. static, one-shot, oligopsony—where actions are in wages and payoffs are in profits. The
key equilibrium consistency condition is that the labor supply curve for each type of labor to
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each firm nijm(w
i
jm,w

i
−jm) is consistent with worker optimality. Below we consider alternative

behavioral assumptions, in particular that firms take wages as given (i.e. competitive wage
setting).

3. Characterization - Labor supply elasticities and sorting
We characterize how workers’ labor supply elasticities vary across margins, workers and firms,
and the implications of these for sorting.

3.1. Labor supply elasticities

Extensive margin elasticity. The extensive margin elasticity reflects workers’ tendency to
move away from firm jm and toward any other firm as firm jm cuts its wage. First, we use
conditional choice probabilities to express the extensive margin of labor supply (2):

ρijm = ρij|mρ
i
m, ρij|m =

(
vijm
ṽim

)η

, ρim =

(
ṽim
vi

)θ

.

Second, we differentiate to obtain the extensive margin elasticity, which has two components:

ερ,ijm =
∂ log ρijm
∂ logwijm

∣∣∣∣∣
wi

−jm

=
∂ log ρijm
∂ log vijm

∣∣∣∣∣
wi

−jm

×
∂ log vijm
∂ logwijm

=
[
η
(
1−ρij|m

)
+ θρij|m

]
×
(
λijmw

i
jmh

i
jm

)
. (3)

The first component captures how sensitive an individual’s choice is to their value of work-
ing for the firm, vijm.3 This nests existing size-based theories of market power as in Berger et al.
(2022). In markets with many firms, any change in a single firm’s value has a minute effect
on the market value ṽim, and hence the elasticity nears η. This also occurs when there are few
firms, but the firm’s value is small relative to other firms in the market. Either case is captured
by the within-market conditional choice probability ρij|m going to zero. When the firm is large in
the worker i’s market in the sense of accounting for a lot of the market value and being chosen
often, it ends up competing more across markets. This is reflected in ρij|m going to one and the
first term approaching the across market parameter θ.

The second component captures sensitive an individual’s value of working for the firm is
to the wage the firm pays. This varies across workers. The first piece is the marginal value
of wealth, λijm. If this is high, then changes in earnings move values by a lot, off-setting any
idiosyncratic utility differences across firms and encouraging workers to choose a firm based on
wages. Ceteris paribus, workers with a high marginal value of wealth will be more elastic across
firms as they place a higher value on higher income. The second piece is income. Holding
the marginal value of wealth fixed, a high after-tax income—due to a worker having high skill

3Substantively, this is where our assumption that the number of markets, M , is large plays a role. With many
markets, the derivative of vi with respect to the value in any one market m, ṽim, is zero.
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or the firm being a high wage firm—raises the value-at-stake for wage changes. For a high e

worker, an increase in the wage raises income by more, shifting the value of working for the
firm by more. Ceteris paribus, high income raises the stakes for further wage changes, making
workers more elastic.

In general, higher earnings reduce this elasticity. Substituting in the first order condition for
consumption, and writing earnings as yijm = wijmh

i
jm:

ερ,ijm =
[
η
(
1− ρij|m

)
+ θρij|m

]
×
(
yijm

)−(σ−1)

. (4)

Consider σ > 1. This expression shows that a particular firm may face less elastic labor supply
for three reasons. First, they may have a higher market share ρij|m. Second, if they pay more,
workers of a fixed type ei will be less responsive to wages. Equation (4) says that a given worker
would respond more to a $5,000 increase in pay at a $50,000 salary position relative to a $10,000
increase in pay at a $100,000 salary position. Third, a firm might employ a set of workers that
are higher income, or wealth, and hence less elastic. A central quantitative exercise of the paper
will be to split these elasticities into these three components.

We make two further observations. First, note how these last two channels intersect with
standard wealth effects on labor supply, but rather than on hours worked, or the extensive mar-
gin of working or not, we are studying wealth effects across firms. When wealth effects dominate
substitution effects, workers place less value on working at higher wage firms, just like they
place less value on working longer hours or working at all. Second, equation (4) provides a
route to identifying σ via differences in how changes in wages at a given firm type leads to
relative changes in employment across worker types.

Intensive margin elasticity. The intensive margin labor supply elasticity reflects workers’ ten-
dency to work longer hours at firm jm, conditional on having chosen to work there:

εh,ijm =

(
1− σ

)
(
1 + 1

φ

)
−
(
1− σ

) .
This is the usual Marshallian labor supply elasticity. If σ > 1 wealth effects imply: εh,ijm < φ.

A simple takeaway from our model is that empirical estimates of Frisch and Marshallian
labor supply elasticities on hours rule out the intensive margin as determinative of wage setting
by firms. Suppose σ = 0, and consider an upper bound of φ around 1. If firms set wages with
only this elasticity in mind, then an upper bound on markdowns would be one-half: φ/(1 + φ).
This seems unreasonable. On the other end of the spectrum, if firms are perfect substitutes (η →
∞), then ερ,ijm is infinite and wages are competitive. Hence, small deviations from competitive
wages indicate extensive margin elasticities that are large, but finite, and price labor.
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3.2. Sorting

We can now show how heterogeneity in extensive labor supply elasticities and complementar-
ity in production yield rich sorting patterns of workers across firms.

First, we establish a metric for sorting. Consider two workers i ∈ {L,H}, with eH > eL.
Consider two firms j ∈ {1, 2}, in the same labor market, with z1 > z2. Let mi

j be some property
of worker i at firm j. Log super-modularity inm is measured as follows (Shimer and Smith, 2000):

Υm =
(
logmH

1 + logmL
2

)
︸ ︷︷ ︸

Pair likes

−
(
logmH

2 + logmL
1

)
︸ ︷︷ ︸

Pair dislikes

= log

(
mH

1 /m
H
2

mL
1 /m

L
2

)
.

The first expression is useful for production: Υm > 0 means production from pairing likes (the
diagonal terms) exceeds production from pairing dislikes (the off-diagonal terms). The second
is useful for sorting: Υm > 0 means that the relative probability that high type workers go to
Firm 1 exceeds that of a low type worker.

First, we apply this to productivity. The production function we will use in our quantifica-
tion of the model will feature a single parameter ψ that controls complementarity. An example
of a simple production function with this property is:

A(z, e) = ze× exp
{
− ψ

2
(z − e)2

}
, ΥA = ψ

(
z1 − z2

)(
eH − eL

)
> 0.

Then applied to sorting of workers across firms, we can compute Υρ, the super-modularity
associated with the extensive margin of labor supply. Using workers’ choice probabilities:

Υρ = log

(
ρH1 /ρ

H
2

ρL1 /ρ
L
2

)
= log

(
vH1 /v

H
2

vL1 /v
L
2

)η

.

Suppose that wages are competitive, such that wij = Aij . Then we can split this into the two
forces described above:

Υρ

η
≈ ΥA × u′

(
yL2

)
yL2︸ ︷︷ ︸

Production complementarity

+ −
(
σ − 1

)
u′
(
yL1

)(
yL1 − yL2

)
∆ log y1︸ ︷︷ ︸

Wealth effects

, ∆ log y1 =
yH1 − yH2

yH2
. (5)

The first piece reflects production complementarities. If σ = 1 and ΥA > 0, then both workers
have the same extensive margin elasticities, and only production complementarities determine
sorting. Increasing differences in firm pay (ΥA > 0), lead to increasing differences in firm
employment (Υρ > 0). The second piece reflects wealth effects. If σ > 1 and ΥA = 0, then high
income workers have lower extensive margin elasticities, and only these determine sorting.
With σ > 1, the high income worker’s marginal value of working at the high wage firm is
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lower. Relative to low e workers, high e workers will sort toward low wage firms, leading to
negative sorting (Υρ < 0). Empirically, positive sorting indicates that the first piece dominates.
Hence, conditional on labor supply elasticity differences across worker types, data on sorting
is determinative of production complementarities.

3.3. Identification

These results give a particular interpretation to labor supply elasticity differences across mar-
gins, workers and firms, and sorting. These are three key features of the data:

Fact 1. Conditional on firm type, supply of labor to the firm of high earning workers is less elastic

Fact 2. High productivity workers sort into high productivity firms

Fact 3. Conditional on worker type, supply of labor to high productivity firms is less elastic
Fact one pushes toward wealth effects, and thus σ > 1. In equation (4), the extensive margin
elasticity declines with income only when wealth effects are sufficiently strong. However, if
high earners are less wage-sensitive, then equilibrium sorting (5) implies they tend to sort into
low wage firms. Fact two, therefore, points toward production complementarities (ΥA > 0)

that raise the wages of high earners relatively more at productive firms. This mitigates high
earners’ higher tendency to ignore wages and follow idiosyncratic tastes, pushing them toward
high wage firms and lowering those firms’ average elasticity relative to low wage firms. Any
remaining difference in elasticities between low and high wage firms must be driven by the size-
based piece of the extensive margin elasticity. This reveals how much less substitutable markets
are than firms from the worker’s perspective, and therefore identifies the gap between θ and η.

Appendix C.1 contrasts our approach to Volpe (2025). In Volpe (2025) labor supply to high
productivity firms is more elastic, and sorting is entirely driven by low skill workers deriving
systematically higher non-pecuniary utility from firms at which they are paid less. By contrast,
our model features symmetric preferences across workers. Appendix A.2 further illustrates
these arguments via comparative statics of sorting in the model with respect to ψ and σ.

Summary. Households’ labor supply elasticities on the extensive margin across firms are
shaped by various forces. These include wealth effects on labor supply, and the desirability
of a firm from the workers’ perspective which determines labor market power. An implication
is that counterfactual policies that shift the distribution of income and wealth feed back into
wages via their impact on labor supply elasticities, and hence the wages firms pay. We now
turn to calibrating the model.

4. Calibration

4.1. Extending the model

Since heterogeneity in the marginal value of wealth λijm is a key determinant of labor supply
elasticities, we add two empirical features that shape the marginal value of wealth: (i) income
taxes and transfers, (ii) non-labor income.
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Taxes and transfers. Households receive transfers T , and after tax labor income ỹijm which is
an iso-elastic function of pre-tax labor income yijm: ỹijm = (1 − τ0)y

i (1−τ1)
jm . If τ1 = 0, then τ0 is

the constant proportional tax rate. If τ1 > 0, then taxes are progressive, with marginal tax rates
increasing in income. Benabou (2002) and Heathcote et al. (2020a) find this functional form to
be a good approximation for the U.S. tax and transfer system.

Key formulas. With the addition of unearned income ai, the budget constraint for an individ-
ual is now cijm = (1− τ0)y

i (1−τ1)
jm + T + ai. Let Γ(a, e) denote the joint distribution over (a, e). We

assume that firms can set wages wjm(e) that depend on e, but not a.4 However, firms under-
stand the distribution Γ(a, e) and the labor supply of different types. Hence the firm’s elasticity
of labor supply for a type of worker e is a weighted average of (a, e) types, conditional on e:

njm(e) =

∫
ρjm(a, e)hjm(a, e)dΓ(a|e)

εjm(e) =

∫
ρjm(a, e)hjm(a, e)∫

ρjm(a′, e)hjm(a′, e)dΓ(a′|e)

[
ερjm(a, e) + εhjm(a, e)

]
dΓ(a|e).

Adopting similar notation as before, we summarize worker heterogeneity by superscript i, i.e.
ρijm = ρjm(a, e). The extensive and intensive margin elasticities of workers are now:

ερ,ijm =
[
η(1− ρij|m) + θρij|m

]
u′
(
ỹijm + ai + T

)
ỹijm

(
1− τ1

)
, (6)

εh,ijm =

(
1− σMPCi

jm

)(
1− τ1

)
(
1 + 1

φ

)
−
(
1− σMPCi

jm

)(
1− τ1

) ,

where MPCi
jm is the elasticity of consumption with respect to after tax income. In our static

economy, this is simply ỹijm/(ỹijm + ai + T ).
These equations deliver three observations that each speak to the complexity of the distribu-

tion of labor supply elasticities in the economy. First, higher tax progressivity tends to reduce
both elasticities.5 The firms’ labor supply elasticity is with respect to the pre-tax wage. How-
ever, on the margin, a $1 wage increase raises workers’ after-tax income by progressively less
when τ1 is higher. Hence, ceteris paribus, higher tax progressivity mutes the impact of pre-tax
wages on workers’ decisions to choose a higher paying employer or supply more hours. Sec-
ond, higher non-labor income ai shifts elasticities in different directions: relatively larger wage
increases are required to move firms, but smaller wage increases are required to move hours.
The extensive margin elasticity decreases as the marginal value of wealth decreases, requiring
larger wage changes across firms to shift firm choice. The intensive margin elasticity increases
as consumption becomes less elastic to labor income, dampening the wealth effects that would
otherwise lower the Marshallian labor supply elasticity. Third, firms incorporate these effects

4It is straight-forward to allow wages to depend on a as well. For clarity, we do not go into this in the paper.
5This is true for the intensive margin elasticity so long as σMPCi

jm < 1.
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into the prices of labor. If most high e households have high a, then firms will tend to lower
wjm(e) since they face less elastic supply. However, wjm(e) will be higher than if the firm could
set wjm(e, a) as a function of assets. High a households benefit from firms’ lack of ability to
discriminate by a, while low a households lose.6

4.2. Approach

All parameters of the model are estimated via Simulated Method of Moments (SMM) except for
the non-labor income distribution and institutional parameters, including the tax and transfer
function, which are set outside of the SMM routine. For tractability, we assume that all mar-
kets in the economy are populated by an identical number of firms J , with the same levels of
productivity z1, . . . , zJ .

Preferences and market structure. Parameters governing markdowns are {φ, σ, η, θ, J}. We
estimate the Frisch elasticity φ to target the average marginal propensity to earn (MPE) from
annuitized lottery winnings in the U.S. (Golosov et al., 2024). Golosov et al. (2024) define the
marginal propensity to earn as the dollar change in labor earnings for every dollar change in
annuitized lottery winnings. The average lottery winner has an increase in non-labor income
of approximately $7,500 dollars per annum (Panel (a) of Figure IV). The average MPE is −0.52

(Column (1) of Table III). To implement this experiment in our model we increase ai by $7,500
and compute changes in labor earnings, holding equilibrium wages fixed.

Remaining preference parameters {σ, η, θ} govern the relative labor supply elasticities of
high versus low income households, and the relative markdowns of small and large firms, re-
spectively. Estimates of how wages and employment change at different firms and for different
groups of workers following shocks to labor demand are available in Brazil (Bils et al., 2025),
Norway (Volpe, 2025), and the US (Seegmiller, 2025). In all cases firms’ reduced form labor supply
elasticities—computed as the change in log employment divided by the change in log average
wage following identified shocks to labor demand—are higher for low income workers. This is
true across all firm types. In Brazil and the U.S., reduced form labor supply elasticities are also
higher at firms with low average wages across all worker types. In Norway, Volpe (2025) finds
that higher wage firms have higher reduced form labor supply elasticities.

We estimate our parameters to match the joint profile of reduced form labor supply elastic-
ities across worker skills and firm value-added for the U.S. Seegmiller (2025) uses variation in
firm-specific stock returns as instruments for the marginal revenue product of labor. Workers
are split into quintiles of skill based on AKM fixed effects (Abowd et al., 1999), with the bottom
two and top two labeled low- and high-skilled. The estimated average labor supply elasticity
is 5.34. The gap in labor supply elasticities between high- and low-skilled workers is 5.69. The

6Here an analogy is useful. Bright college students from poorer households may be priced out of internship
positions that pay close to zero and are generally staffed by college students from richer households. A firm
would like to set wjm(eH , aH) < wjm(eH , aL). Unable to do so, the firm sets wjm(eH) at a level that reflects the
high wealth among the distribution of potential interns.
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gap in labor supply elasticities between low- and high-value-added firms is 1.69. To compute
the model counterpart to these reduced form elasticities, we (i) simulate productivity shocks to
individual firms to deliver wage increases consistent with the data, (ii) recompute the equilib-
rium in the market, (iii) compute the change in employment and wages at treated firms relative
to non-treated firms. With these data, we then construct labor supply elasticities to firms exactly
as in Seegmiller (2025). For full details see Appendix C.2.7

The number of firms per market J is chosen to match the payroll-weighted, wage-bill Herfind-
ahl.8 We estimate J = 16 which yields HHI = 0.12. This is the payroll weighted average of
the HHI across labor markets defined as the interaction of 3-digit NAICS industry code and
commuting zone, obtained by Berger et al. (2022).

Worker heterogeneity and unearned income. Worker productivity e is log normally dis-
tributed, with standard deviation σe and mean normalized to one, which we discretize into 20
quantiles. Conditional on all other parameters, σe increases dispersion in consumption. Given
the central importance of the marginal utility of consumption in the elasticity of labor supply,
we make sure that this lines up with U.S. data: var(log c) = 0.27 as computed by Heathcote
et al. (2020b) in CEX data. For each quantile of e, we use the Survey of Consumer Finances to
assign mass to 4 values of non-labor income: ai ∈ {$0, $2, 500, $12, 500, $20, 000}. We define
unearned income ai as 4% of net worth in the SCF. The conditional density γ(ai|ei) is given by the
share of working age households in each of 20 quantiles of income that have ai in each of four
bins: (−∞, 0), [0, $5, 000), [$5, 000, $20, 000) and [$20, 000,∞).9

Firm heterogeneity and production complementarity. Firm productivity z is Pareto distributed,
with standard deviation of log z of σz (which implies the tail parameter), and a mean normalized
to one, which we discretize into J quantiles.10 We build on a long tradition of labor assignment
models and assume that output is decreasing in the distance between worker skills and firm
productivity (e.g., Marimon and Zilibotti (1999) and Lise and Postel-Vinay (2020)). We specify

7This procedure follows Berger et al. (2026) which points out the issues associated with mapping reduced form
labor supply elasticities to structural objects like εjm in concentrated markets.

8Let wjm denote the average wage per worker of firm j in market m. Let sjm denote their wage-bill share
sjm =

wjmnjm∑
j′∈m wj′mnj′m

. The Herfindahl is computed as HHIm =
∑

j s
2
jm.

9We use the SCF over 2000 to 2019, all nominal variables are deflated to 2014. We define working age as 20 to
55 years old, and keep only households with labor income over $1,000. We equivalize net worth by the number of
adults in the household. The value of 4% represents the return during our sample window (2000 to 2019), which
we take from Auclert et al. (2021) (Panel A of Figure A.1). The four bins for ai represent 12%, 62%, 19% and 7% of
households in the SCF and hence in the model. For example, 28 (2) percent of the lowest income households are in
the lowest (highest) non-labor income bin, while 2 (58) percent of the highest income households are in the lowest
(highest) bin.

10We obtain z1, . . . , zJ by evaluating the inverse CDF of the Pareto at J evenly spaced points between 0.05 and
0.95.
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the following functional form for A(zj, ei):

A
(
zj, e

i
)
= Zzje

i exp

{
−ψ
2

(
z̃j − ẽi

)2}
, z̃j =

log zj − E[log zj]
V[log zj]

, ẽi =
log ei − E[log ei]

V[log ei]
.

The functional form has four benefits: First, a single parameter controls complementarity, ψ. A
higher ψ penalizes matches of workers and firms that are off-diagonal, increasing complemen-
tarity. Second, applying the log-supermodularity measure of sorting from above,

ΥA = ψ
(
z̃1 − z̃2

)(
ẽH − ẽL

)
.

Hence, by normalizing zj and ei we ensure that the sorting induced via A depends only on ψ

and does not mechanically vary with dispersion in firm and worker productivity. Third, we
nest ‘pure AKM’ or ‘linear-additive wages’ under ψ = 0 and markdowns µ that are indepen-
dent of worker or firm type: logwjm(ei) = log µ + log zj + log ei. Fourth, Z controls aggregate
productivity, and hence average wages.

To calibrate {σz, ψ} we match the covariance structure of worker and firm fixed effects re-
ported in the literature. We use two moments: the small share of the variance of worker earn-
ings attributed to firm fixed effects, and the larger share attributed to their covariance. We take
these from Kline et al. (2020), which are 0.13 and 0.16, respectively. To compute these in the
model, we simulate a 100 period panel of 100,000 workers which we hand over to the code
from Kline et al. (2020) for the estimation of a standard Abowd et al. (1999) decomposition. The
largest share of the variance is due to worker fixed effects (0.61), while the remaining 0.10 is
error.11 These shares are similar to those estimated by Bonhomme et al. (2019) in Sweden (77%
worker, 5% firm, 17% covariance).

Earnings and hours. Two parameters control scale in the economy: hours disutility (φ), and
productivity (Z). We choose Z to match average earnings of $45,207 (in 2014 dollars), obtained
from the SCF. We choose φ to match average annual worker hours of 1,777, obtained from the
OECD (see Berger et al., 2025).

Taxes and transfers. We use the transfer-augmented Heathcote et al. (2017) tax function from
Ferriere et al. (2023). Ferriere et al. (2023) estimate τ1 = 0.06, and T = $2, 251, which implies
a ratio of transfers to income of 4.43%.12 We set τ0 to match the ratio of labor income taxes to
total payroll of 29 percent.13 Since τ1 and T are taken from the data and τ0 matches average

11In the data, the error term is due to time varying idiosyncratic factors, measurement error and departures from
a linearly additive wage structure. In the model, the first two are absent. We find that the model’s departures from
linear additivity account for around half of the variance of the error in the data.

12We directly use the Ferriere et al. (2023) estimates of progressivity from their Table B.3. They use a house-
hold level definition of transfers, so we scale T such that transfers as a ratio of household income (their
$4, 492/$90, 185 = 4.98%) is similar in our economy ($2, 251/$50, 792 = 4.43%).

13Labor income taxes are 19% of U.S. GDP. To get their share of payroll we divide by a labor share of 0.65.
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Parameter Value Moment Data Model

Government transfer T $2,251 Ferriere et al. (2023)
Tax function - Progressivity τ1 0.06 Ferriere et al. (2023)
Tax function - Shifter τ0 -0.35 Ratio: Income tax / Payroll 0.29 0.30

Productivity shifter Z 44.56 Average earnings $45,207 $45,459
Labor disutility shifter φ 15,351 Average hours 1,777 1,785

Worker prod. dispersion σe 0.73 Variance of log consumption 0.27 0.26
Firm prod. dispersion σz 0.50 Share of log wage variance - Firm effects 0.13 0.12
Complementarity coefficient ψ 0.09 Share of log wage variance - Covariance 0.16 0.16

Share of log wage variance - Error+ 0.10 0.05
Share of log wage variance - Worker effects+ 0.61 0.67

Within-market dispersion η 2.35× 107 Average elasticity∗ 5.34 4.73
Across-market dispersion θ 0.15× η Elasticity gap: Low - High wage firms∗ 1.69 1.71
Relative risk aversion σ 2.48 Elasticity gap: Low - High wage workers∗ 5.69 5.90

Frisch elasticity φ 0.09 MPE after $7,500 windfall gain -0.52 -0.52
Number of firms J 16 HHI - Payroll 0.11 0.12

Table 1: Baseline calibration

Note: (i) ∗ denotes from Seegmiller (2025), (ii) + denotes not targeted, (iii) firm productivity is Pareto, however we report the standard deviation
of log productivity instead of the tail parameter, which is 1.58.

payroll taxes, the government accrues a surplus. We assume this surplus is not recouped by
households. Our optimal tax results are similar in an economy calibrated under a tax function
with T = 0 and τ1 = 0.18, as in Heathcote et al. (2017).

4.3. Results - Estimation

We highlight five lessons from the calibration itself which we connect to our discussion of iden-
tification (Section 3.3). Table 1 provides parameter estimates and moments in model and data.14

First, only moderate wealth effects are required to rationalize the gap between reduced form
estimates of labor supply elasticities to firms of low versus high wage workers (σ = 2.48).15 This
falls within the range of standard estimates.

Second, there are notable complementarities (ψ = 0.09). With σ > 1, high wage workers
have a lower marginal value of working at a high wage firm, a force toward negative sorting.
Matching the observed covariance of firm and worker fixed effects requires positive sorting.
This is achieved via complementarities in production.16

14The large value of η is not comparable to existing estimates because it is scaled by marginal utility. Returning
to the case of ỹijm = yijm = cijm, the extensive margin elasticity is: ερ,ijm = [η(1 − ρij|m) + θρij|m] × (yijm)−(σ−1).

Average per worker earnings are $45,459. With σ = 2.48 the second term is of order 10−7. To deliver markdowns
consistent with the data, the first term, [η(1− ρij|m) + θρij|m], must be of a similar inverse magnitude.

15Appendix Table A1 provides the reduced form labor supply elasticity estimates, rather than the gap. The
model is also consistent with a larger decline across firm types for low wage workers, relative to high wage work-
ers.

16To give a sense of magnitudes, we can compute the supermodularity measure used in Section 3 for a given
pair of workers and firms. For workers and firms at the 25th and 75th percentiles of e and z respectively, the high

17



Figure 2: Distribution of workers’ extensive and intensive margin labor supply elasticities

Third, it is not the case that high wage firms are productive simply because they are a col-
lection of high productivity workers (σz = 0.50). Despite a small share of variation in wages
being accounted for by firm fixed effects, heterogeneity in firm productivity is nonetheless large
and in the range of estimates from administrative firm level data (Decker et al., 2013). We share
the conclusion of Borovičková and Shimer (2024) that wage-variance decompositions cannot be
used to make prima-facie conclusions about heterogeneity in worker and firm productivity.

Fourth, significant size-based market power is required (θ = 0.15 × η). Since σ > 1, an
individual worker is less responsive to wage increases at high wage firms, this delivers a low
elasticity at high wage firms. Despite this, a value of θ < η is still required to line up the labor
supply elasticities of high wage firms with their counterparts in the data.

Collectively, these provide our first main quantitative result. A neoclassical model of labor
supply, extended to extensive margin decisions over which firm to work at, complementarities
in production, and oligopsonistic wage setting, can neatly rationalize headline statistics ob-
tained from important empirical studies of firm and worker heterogeneity in labor economics.
This is achieved under a set of relatively standard parameter values, symmetric preferences
across workers, and a transparent identification argument.

Finally, from the calibrated model we can measure structural elasticities of labor supply of
each worker on the extensive and intensive margin. The employment weighted average elas-
ticity is 3.79. Figure 2 shows that this is entirely shaped by the extensive margin elasticity.
Intensive margin elasticities sit tightly within the range of Marshallian labor supply elasticities
used by the Congressional Budget Office, from -0.10 to 0.20. Extensive margin elasticities are
large and vary substantially across workers. Fundamentally this paper is about shifting atten-

skill worker is nearly twice as productive at the high z firm than the low skill worker is: A(eH , zH)/A(eH , zL) =
1.7 × A(eL, zH)/A(eL, zL). For workers and firms at the 10th and 90th percentiles, this factor increases to more
than nine.
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A. MPE B. ∆ Pr(move down | any move)

Earnings quartile All Low High All Low High

Data -0.52 -0.31 -0.67 7.0 6.0 3.2
Model -0.52 -0.26 -0.78 9.1 8.7 6.8

Table 2: Heterogeneity in responses to unearned income
Note: Model moments computed in response to $7,500 increase in unearned income in partial equilibrium. Data moments taken from Golosov
et al. (2024). See details on computation of conditional downward job switching rate in Appendix C.3.

tion in the canonical model of labor from an inelastic piece of labor supply, to a highly elastic
piece.

4.4. Additional statistics

Extensive margin elasticities. Table 2 shows that the model generates responses to unearned
income that line up with recent estimates from lottery winnings in the U.S. (Golosov et al.,
2024). While the average MPE was targeted, Panel A shows that the model generates the right
gradient of MPEs with respect to income. As discussed above, intensive margin elasticities are
small and in line with the data due to the low Frisch elasticity, so the level and gradient of MPEs
are delivered by workers switching employers.

Panel B provides direct evidence on the extensive margin. Golosov et al. (2024) compute
the probability of downward and upward job moves among their sample of lottery winners.
Since our model is static and has no notion of adjustment costs of switching employers, we use
reported results in their paper to compute the probability of a downward move to a firm with
a lower average wage conditional on any move (down/(down+up)).17 The model matches the
average impact of unearned income on the direction of job switches, and qualitatively matches
the gradient with respect to income. Higher income workers are less likely to move down the
ladder in response to windfalls since they largely follow their tastes.

Panels A and B are simple to reconcile. In the model, high wage workers are less likely to
move to lower wage firms in response to unearned income, but, due to complementarity and
greater dispersion of firm productivity in the right tail, they experience larger reductions in
earnings when they do move. This is verified in Figure 3A. MPEs are larger for the rich, despite
smaller increases in the probability of moving to a lower wage firm.

Wages by types and sorting. An important question is whether the presence of complemen-
tarities causes wages to depart from log-additivity in a way that is inconsistent with recent
empirical findings. One might think that with ψ > 0, the wages a worker might earn when
comparing firms would be ‘hump-shaped’, peaking at their closest match. Figure 3A shows
that this is not the case, matching the main qualitative features of Figure 2 in Bonhomme et al.
(2019). Importantly, for all workers, earnings are higher at higher productivity firms. Recall

17Appendix C.3 provides details on the computation of conditional job-to-job moves.
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Figure 3: Wages, Markdowns and Sorting

that A(z, e) = ze × Penaltyψ(z, e), such that if the Penalty term is 1, we maintain log additiv-
ity in the marginal product of labor. Figure 3A shows that the ze term dominates in shaping
wages. Meanwhile, the Penalty term exerts sufficient complementarities to undo the negative
sorting via wealth effects and deliver positive sorting in equilibrium. Figure 3C shows that the
Penalty function delivers the empirical property that relatively few low skill workers work at
high z firms. We conclude that these features of the data can be explained with mechanisms
in addition to selection in the presence of search frictions (Borovičková and Shimer, 2024) or
sorting on amenities (Lamadon et al., 2025; Volpe, 2025).

Summary. A lightly parameterized extension of neoclassical theories of labor supply knits to-
gether a set of important facts in the recent empirical literature studying worker and firm het-
erogeneity in labor markets. We now proceed in two steps. Section 5 describes the quantitative
implications of the model for wage setting and markdowns. This is a key step in understanding
the quantitative implications of the model for optimal tax progressivity in Section 6

5. Wage setting behavior
We begin by describing the sources of aggregate markdowns, isolating variable and fixed com-
ponents. We then disaggregate markdowns across firms and workers. These forces determine
optimal tax policy.

5.1. Aggregate sources of markdowns

We decompose the aggregate markdown µ, which we define as the earnings weighted average of
worker-specific markdowns µj(a, e). For clarity, we drop the additional m subscript, and use i
to capture heterogeneity in ai and ei. Recall that in the quantitative model (ai, ei) are discretized
in a histogram γ(ai, ei). In the calibrated model, µ is 0.65.

µ =
∑
i,j

ωijµ
i
j , ωij =

yijρ
i
jγ(a

i, ei)∑
i′,j′ y

i′
j′ρ

i′
j′γ(a

i′ , ei′)
, µij =

ερ,ij + εh,ij

1 + ερ,ij + εh,ij
(7)
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Source of markdowns removed Markdown
(1− µ)

Share
(%)

Cumulative
share (%)

(1) (2) (3)

Baseline 0.35 — —

1. No tax progressivity - τ1 = 0 0.34 3.6 3.6

2. No oligopsony power - θ = η 0.32 6.7 10.3

3. No within-worker across-firm elasticity gaps - u′(cij)ỹij = E
[
u′(cik)ỹ

i
k

∣∣∣i] 0.30 6.0 16.3

4. No across-worker elasticity gaps - u′(cij)ỹij = E
[
u′(cik)ỹ

i
k

]
0.18 31.5 47.8

5. No monopsony η = ∞ 0.00 52.2 100

Table 3: Decomposition of average markdowns
Note: This table presents a cumulative decomposition of the payroll-weighted markdown. Each row represents the marginal effect of removing
the specified factor while maintaining the removal of all preceding factors. Column (1) reports the value of the markdown (1− µ). Column (2)
displays the change in the markdown value between the current and previous row, expressed as a share of the baseline markdown. Column
(3) shows the cumulative change in the markdown, expressed as a share of the baseline.

From the key equations (6) for ερ,ij and εh,ij , we isolate four sources of markdowns: (1) tax
progressivity, (2) oligopsony, (3) heterogeneity, and (4) standard monopsony. Each maps into
components of the extensive and intensive elasticities:

ερ,ij =
(
1− τ1

)
︸ ︷︷ ︸

(1) Tax progressivity

[
1− ρij

(
η − θ

η

)]
︸ ︷︷ ︸

(2) Oligopsony

u′
(
cij

)
ỹij︸ ︷︷ ︸

(3) Heterogeneity

η︸︷︷︸
(4) Monopsony

(8)

εh,ij =

(1) Tax progressivity︷ ︸︸ ︷(
1− τ1

) (3) Heterogeneity︷ ︸︸ ︷(
1− σMPCi

j

)
(
1 + 1

φ

)
−

(
1− τ1

)
︸ ︷︷ ︸

(1) Tax progressivity

(
1− σMPCi

j

)
︸ ︷︷ ︸

(3) Heterogeneity

. (9)

To isolate their contribution to markdowns, we remove sources one by one. We leave the earn-
ings weights fixed when recomputing the aggregate markdown in equation (7). Table 3 reports
our results, starting from an aggregate markdown (1− µ) of 0.35.

First, we isolate the role of tax progressivity, which enters both elasticities through (1 −
τ1). A progressive schedule (τ1 > 0) shrinks the return to earning more, lowering extensive-
and intensive-margin elasticities and raising markdowns. Under flat labor taxes (τ1 = 0) the
aggregate markdown falls from 0.35 to 0.34 (column 1), which accounts for 3.6 percent of the
aggregate markdown (column 2).

Second, we isolate the role of oligopsony by computing markdowns under atomistic firm
behavior. Under θ = η, there is no strategic component of markdowns, and the aggregate
markdown falls from 0.34 to 0.32, accounting for 6.7 percent of the markdown.

Third, we isolate the role of worker heterogeneity. We do so in two stages. First, a worker
with a fixed (ai, ei) will be less responsive to an additional $10,000 of earnings at a $100,000 job,
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than to an additional $5,000 of earnings at a $50,000 job. To remove this component we replace
u′(cij)ỹ

i
j and MPC i

j with their average value Within-worker, Across-firms, weighted by ρij . The
aggregate markdown falls from 0.32 to 0.30, a drop in magnitude comparable to oligopsony
power. Second, a worker that earns $50,000 on average across jobs will be more elastic than
a worker that earns $100,000 on average across jobs. To remove this component we replace
u′(cij)ỹ

i
j and MPCi

j with their average Across workers. The aggregate markdown falls from 0.30
to 0.18, accounting for 31.5 percent of the markdown. The composition component of worker
heterogeneity dominates the within-worker, across-firm component. Combined, these vari-
able markdown terms account for nearly 50 percent of the markdown (column 3). The final
half is accounted for by monopsony, removed by eliminating dispersion in idiosyncratic tastes
(limη→∞).18

Summary. Nearly half of markdowns are “variable”, driven by sources of both worker and
firm heterogeneity. Of the piece that is variable, 14 percent (=6.7/47.8) is attributable to oligop-
sony, while 78 percent (=(6.0+31.5)/47.8) is attributable to worker heterogeneity in marginal
utilities. That markdowns strongly depend on individuals’ heterogeneous wage elasticities im-
plies that changes in marginal tax rates will heterogeneously impact wages and allocations of
workers across firms.

5.2. Across-firm sources of markdowns

To unpack sources of average markdowns across firms into the same oligopsony and worker
heterogeneity channels we split equation (6) for ερ,ijm as follows:

εj =
∑
i

ωij

[
η
(
1− ρij

)
+ θρij

]
︸ ︷︷ ︸

A. Oligopsony

u′
(
cij

)
ỹij

Eρi
[
u′
(
cik

)
ỹik

∣∣∣i]︸ ︷︷ ︸
B. Within-worker, Across-firm

Eρi
[
u′
(
cik

)
ỹik

∣∣∣i]
︸ ︷︷ ︸

C. Across-worker (composition)

, ωij =
ρijh

i
jγ(a

i, ei)∑
l ρ

l
jh

l
jγ(a

l, el)

We rank firms by their employment, and then plot this decomposition in log deviations from
the smallest firm (Figure 4).19

Both the oligopsony and consumption heterogeneity components contribute to declining
elasticities of labor supply by firm size. From the smallest to the largest firm, the combined
heterogeneity terms account for 89 percent of the decline. The Within-worker, Across-firm effect
accounts for 34 percent of the decline. A single worker is less elastic at higher paying firms due
to reduced wage sensitivity at higher pay. This channel imparts larger wage setting power to
high wage firms than their oligopsonistic presence in the labor market (11 percent). The Across-

18Setting η = ∞ first would remove all markdowns, and so the contribution of η alone can arbitrarily range from
50 to 100 percent, depending on the ordering of the decomposition. η itself is a composite of the utility scale and
monopsony power, and so we treat it as a residual in the decomposition.

19In practice we implement the following approximate decomposition ε̃j := εAj ε
B
j ε

C
j where each component is

the hours weighted average of the relevant terms in the equation for εj .
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Figure 4: Decomposition of labor supply elasticities across firms

Baseline Competitive
(1) (2)

Inequality [standard deviation of log]
Hourly wage 0.60 0.77
Earnings 0.60 0.77
Consumption 0.51 0.65

Variance of log wages
Overall 0.36 0.59
Across firms 0.13 0.20
Within firms 0.23 0.40

Other measures
Covariance of firm and worker fixed effects (Sorting) 0.029 0.042

Table 4: Market structure and worker wage dispersion
Note: This table compares the effects of firms’ wage setting structure on worker inequality. Column (1) is the baseline. In Column (2), firms set
a competitive wage equal to marginal product. Each specification is evaluated in general equilibrium without recalibration.

worker composition effect accounts for 55 percent of the decline. Most of the differences between
large and small firms in terms of their ability to mark down wages comes from the composition
of employment: sorting delivers high productivity firms disproportionately more high skill,
high asset, less elastic workers.

Summary. Wide markdowns at large firms are shaped primarily by the worker heterogeneity
channel. The oligopsony channel amplifies this, but plays a smaller role. These wide mark-
downs at large firms are endogenous and respond both directly and indirectly to tax policy
through changes in the marginal value of wealth and sorting.

5.3. Across-worker sources of markdowns

Lastly, we measure the effects of markdowns on the distribution of worker wages. Table 4
compares the baseline economy (column 1) to a competitive counterfactual (column 2) in which
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we impose µj(a, e) = 1 so that every worker is paid their marginal revenue product. The
counterfactual is solved in general equilibrium, so workers may reallocate across firms.

Labor market power substantially compresses inequality in wages, hours and consumption.
Competition pushes wages up the most at the highest productivity firms and for the highest
skill workers whose wages were marked down due to a low marginal value of additional pay
(recall Figure 3B). Hence, in partial equilibrium, moving to competitive wages increases wages
at the top of the distribution. In general equilibrium high-e workers respond to these higher
wages, reallocating towards high-z firms. Sorting rises by more than 40 percent (=0.042/0.029).
Sorting further expands wages in the tail. The standard deviation of log earnings rises by 17
points (0.60 to 0.77) and log consumption by 14 points (0.51 to 0.65). The model is consistent
with the empirical within-between firm log wage variance decompositions that attribute two-
thirds to within and one-third between. Under competitive wage setting both increase. Notably,
the across-firm component of wage variance rises by over 50 percent (=0.20/0.13). These results
imply that firms play an integral role in wage inequality, despite the fact that firm premia ex-
plain small shares of wage variance. In other words, firms are important precisely by appearing
unimportant in a standard wage decomposition.

Summary. Eliminating markdowns, the competitive allocation increases wages for high skill
workers at high productivity firms, increasing sorting and productivity. With higher efficiency
comes higher inequality both within and across firms. Raising tax progressivity will do the
opposite, reducing inequality, but also reducing sorting which moves the economy further from
efficiency.

6. Positive and normative implications for tax progressivity
Variation in extensive margin labor supply elasticities are key to understanding wage setting
and sorting patterns. Our key equations (6) also showed how higher progressivity tends to
reduce extensive and intensive margin elasticities of labor supply to the firm. This raises the
question, what are the implications of our model for the optimal shape of income taxes?

This section has four sets of results. (1) Higher tax progressivity has novel, negative, effects
on markdowns and productivity. (2) Empirically, these effects generate responses of earnings
to increases in marginal tax rates that are consistent with leading empirical studies (Saez et al.,
2012). (3) Analytically, these effects reduce optimal marginal tax rates. (4) Quantitatively, these
reductions are large relative to an economy with homogeneous, competitive firms.

6.1. Positive implications of higher tax progressivity

To understand effects on inequality, markdowns, sorting, wages, output and productivity, we
vary τ1 between 0 (flat taxes) and 0.20. We change τ0 to keep the average tax rate constant at
0.29 (Table 1). We plot results by the marginal tax rate at P95 income, which increases from 29

24



Figure 5: Tax progressivity in general equilibrium - Inequality, markdowns and sorting

percent to 52 percent as τ1 increases.20

Inequality. Higher progressivity has the expected effects on inequality. The standard devia-
tion of after tax earnings is reduced by nearly 11 percentage points—around one quarter of its
level—as τ1 increases from 0 to 0.20 (Figure 5A). Consumption inequality falls by slightly less
due to the presence of transfers and non-labor income.

Markdowns. Our framework links tax policy to wage setting via the interaction of tax policy
and workers’ elasticities of labor supply. Higher progressivity reduces markdowns as workers
become less elastic with respect to pre-tax wages (Figure 5B). On average, markdowns widen
by nearly 3 percentage points.

Sorting. As labor becomes less elastic, workers respond less to wages at high wage firms, and
sort more toward lower productivity firms. This reduces average productivity (Figure 5C). Let
Z∗ be average log labor productivity across workers under an allocation where all workers of
skill e work at the firm z∗(e) that maximizes their labor productivity.21 With constant marginal
tax rates, average productivity is 28.0 log points less than the output maximizing allocation.
Some workers have idiosyncratic preferences for low productivity firms, hence productivity
is distorted downwards. The distortion expands to 30.5 log points as progressivity increases.
Other measures tell the same story. The share of workers at their productivity maximizing firm
falls from 16 percent to 14 percent, and the share of workers at firms with above median value-
added per worker decreases from 82 percent to 78 percent. These declines are larger for low
skill workers, who become less elastic due to higher marginal taxes, but also richer and hence

20In the model’s baseline under τ1 = 0.06 the marginal tax rate at the P95 of income is 36.3 percent. In the U.S.
the Federal marginal tax rate at the P95 is 34.35%: 32% Federal income taxes (between the P94 ($213,050) and P97
($266,725)), 2.35% Medicare taxes.

21Average log labor productivity is: Z(τ) =
∑

i,j ρ
i
jγ

i logA(zj , e
i). The measure Z∗ is Z∗ =∑

i γ
i logA(z∗j (e

i), ei), where z∗j (e
i) = argmaxzj A(zj , e

i).
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Figure 6: Tax progressivity in general equilibrium - Aggregates and productivity

less elastic due to increased redistribution via the level of taxes.22 Overall, lower sorting reduces
aggregate productivity, which we turn to next, presenting a sharp trade-off between inequality
in Panel A and productive efficiency in Panel B.

Aggregate wages, hours, output and productivity. Average hourly wages fall by more than
4.8 percent, while total hours decline by 1.5 percent (Figure 6A). Declining hours account for
less than half of the 3 percent decline in output, with the remainder accounted for by the decline
in aggregate labor productivity. In a standard theory of labor supply, an increase in tax progres-
sivity leads labor supply to contract: wages increase, while equilibrium employment, output
and consumption decline. In our model, higher progressivity widens markdowns, effectively
contracting labor demand: wages decrease, while equilibrium employment, output and con-
sumption decline. Are these numbers large or small? In quantitative models of optimal labor
income taxes, the welfare benefits of optimizing taxes are often in the range of 1 to 3 percent of
consumption. Hence, these losses have the potential to offset such gains.

The decline in aggregate productivity is due to the novel mechanisms in our model. Aggre-
gate output Y and hours H are:

Y =
∑
i,j

ρijh
i
jA

i
jγ(a

i, ei) , H =
∑
i,j

ρijh
i
jγ(a

i, ei).

We have following exact decomposition across policies, where X̂ is percentage change in X :

Ŷ/H =
∑
i,j

ωij

[
ĥij − Ĥ

]
︸ ︷︷ ︸

1. Relative hours (intensive margin)

+
∑
i,j

ωij ρ̂
i
j︸ ︷︷ ︸

2. Sorting (extensive margin)

+
∑
i,j

ωij ĥ
i
j ρ̂
i
j︸ ︷︷ ︸

3. Interaction

, ωij =
yij
Y︸ ︷︷ ︸

Output share of match

In standard theories of taxation in the presence of worker heterogeneity and hours or effort

22For below (above) median productivity workers, the share of workers at their productivity maximizing firm
falls by 3 ppt (1 ppt), and the share of workers at firms with above median value-added per worker falls by 5 ppt
(3 ppt).
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choices (Mirrlees, 1971; Diamond and Saez, 2011), tax changes reduce productivity via the first
term. If the hours of the highest output workers fall relative to overall hours, then labor pro-
ductivity falls. The second term is novel. This is negative when workers reallocate from more
productive to less productive matches.

The sorting term is absent from standard theories of optimal taxation and is responsible for
the entire decline in aggregate labor productivity (Figure 6B). Total labor productivity falls sub-
stantially: −1.4 percent. The intensive margin term actually contributes positively: +0.5 per-
cent. By reducing consumption inequality, higher progressivity weakens the negative wealth
effects on labor supply at the top of the distribution which contains the most productive work-
ers. As their hours expand, productivity increases. The extensive margin sorting term accounts
for more than the entire decline: −1.9 percent.

Higher tax progressivity can have significant, negative effects on output and productivity
through standard channels of reductions in hours, and a new channel that reflects sorting of
heterogeneous workers across heterogeneous firms. This suggests that optimal labor income
taxes may be lower than implied by a theory that abstracts from these channels. Before get-
ting to optimal taxes, we show that these features are empirically relevant. They deliver large
declines in earnings following increases in marginal tax rates, consistent with the data.

6.2. Implications for the Elasticity of Taxable Income

The sorting and endogenous wage mechanisms described above deliver negative effects of
higher marginal tax rates on earnings, consistent with empirical estimates (see discussion in
Keane and Rogerson, 2012; Chetty et al., 2011). In their survey, Saez et al. (2012) put the elas-
ticity of taxable income between 0.12 and 0.40, while estimates in Kleven and Schultz (2014) are
between 0.20 and 0.30 for a large tax reform in Denmark. The ETI is measured as

ETI =
∆ logAverage Pre-tax Labor Earnings

∆ log(1− τ)

where τ is the earnings-weighted average marginal tax rate.
Two issues in standard models lead to a small ETI. In partial equilibrium, models that are

consistent with low estimates of labor supply elasticities produce small reductions in hours. In
general equilibrium, higher taxes contract labor supply which pushes wages and employment
in opposite directions, generating offsetting effects on earnings.

Our model addresses both issues. First, we maintain a low Frisch elasticity of labor supply
(0.09), however we feature a high elasticity of labor supply on the extensive margin across firms.
Disproportionately taxing wages in high productivity matches, pushes labor towards lower
productivity matches, reducing earnings. Second, higher taxes reduce labor supply elasticities,
widening markdowns, which effectively reduces labor demand: equilibrium wages decrease,
amplifying the decline in earnings (Figure 6).
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Homogenous Partial equilibrium General

firms Fixed ρ, w Fixed w equilibrium
(1) (2) (3) (4)

A. Elasticity of Taxable Income
ETI 0.07 0.05 0.16 0.24

B. Decomposition - ETI components
Hours 0.07 0.05 0.05 0.05
Sorting — — 0.10 0.07
Wage — — — 0.12

C. Decomposition - Shares
Hours 100% 100% 35% 20%
Sorting — — 65% 29%
Wages — — — 51%

D. Changes in output and inequality
∆ log(Y ) -0.012 -0.008 -0.032 -0.021
∆ log(Y/H) (Productivity) 0.004 0.005 -0.020 -0.010
∆StdDev(log c) -0.057 -0.059 -0.059 -0.054

Table 5: Decomposing the change in earnings following an increase in tax progressivity

Resolving both issues delivers an Elasticity of Taxable Income (ETI), in the range described
by Saez et al. (2012) (0.12 to 0.40). While maintaining budget balance via τ0, increasing τ1 from
0.06 to 0.20 increases the average marginal tax rate from 34% to 45%. Total earnings decline by
4.3 percent. Hence the ETI is 0.24.

To understand how our new model elements shape the ETI, Table 5 progressively builds
from the standard homogeneous firm model to our full quantitative model. In column (1)
we specialize our model to the nested neoclassical model with a continuum of identical firms.
Competitive wages are equal to marginal products regardless of tax policy.23 Increasing τ1 only
impacts hours, delivering a small ETI : 0.07. Column (2) shows that we obtain comparable
results if we change taxes in the full model, while keeping wages fixed and only allowing hours
to change. This confirms that the large ETI is not obtained by amplifying the hours channel.

The first novel feature is that tax policy induces changes in sorting of workers across firms.
Column (3) shows that the ETI triples if we allow workers to change firms and hours, while
keeping wages fixed. Workers become less elastic, moving to lower wage firms which reduces
total earnings. These results are consistent with the main empirical findings in Kleven et al.
(2025): a small ETI when estimated on stayers, but much larger when computed on switchers.

The second novel feature is that tax policy reshapes labor supply elasticities, which lead to
repricing of wages. Since marginal products are unchanged, this comes entirely from widening
markdowns: ∆ logwj(e) = ∆ log µj(e). Column (4) shows that the ETI increases by 50 percent

23Parameters Z and φ are chosen to keep average earnings and hours the same as the full model under the
baseline value of τ1 = 0.06. The remaining parameters are φ, σ, σe, which are taken from Table 1.
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when equilibrium markdowns change. The primary driver of the higher ETI is the direct ef-
fects of taxes on the extensive margin elasticity. Greater tax progressivity lowers the extensive
margin elasticity, allowing firms to cut wages and extract more rents. Putting this together,
sorting and endogenous wages account for 80 percent of the empirical ETI through the lens of
our model.

Panel D of Table 5 shows that relative to the homogeneous firm model, reductions in output
and productivity are significantly larger when sorting and markdowns respond to tax progres-
sivity. In contrast, reductions in consumption inequality are similar. This suggests that optimal
progressivity may be lower when worker heterogeneity shapes labor supply elasticities and
firms have labor market power. We now formalize and quantify this intuition.

6.3. Implications for Optimal Tax Progressivity

We begin by analytically assessing optimal taxes in a simplified version of our model economy.
This analysis highlights the key mechanisms putting downward pressure on tax progressivity.
Next, we turn to optimal taxes in the full quantitative model. We show that optimal tax pro-
gressivity falls by over one-third while consumption equivalent welfare gains fall by roughly
two-thirds relative to the standard model in which only hours may adjust.

6.3.A. Analytical characterization of optimal taxes

To derive analytical results, we consider a specialization of our model that reduces to the canon-
ical frameworks in Benabou (2002) and Heathcote et al. (2020b) under the additional restriction
of identical firms (σz = 0) and competitive wage-setting (µij = 1).

We specialize the economy to: (a) log utility in consumption (σ = 1), (b) no complementari-
ties in production (ψ = 0), (c) log normally distributed firm productivity with standard devia-
tion σz, (d) only labor income (ai = 0, T = 0), and (e) a continuum of firms (J → ∞). Applying
these to our main equations (6) for elasticities of labor supply, wages are w(e, z) = µ(τ1)ez,
where µ(τ1) is based on an elasticity ε = (1 − τ1)η that reflects only taste dispersion and tax
progressivity on the extensive margin, with no intensive margin response due to offsetting in-
come and substitution effects. These assumptions preserve the hours effects and direct effects
of taxes on sorting and wages, which are the primary drivers of the ETI in Table 5. Appendix
B.1 provides all derivations.

Sorting distortion. As in the full model, higher progressivity makes labor less elastic across
firms with respect to pre-tax wages, reducing employment at high wage firms. In the restricted
model we can characterize exactly how the equilibrium distribution of employment weighted firm
productivity is tilted toward higher productivity firms:

log zj | Worker sorting ∼ N
(
µz+(1− τ1)ησ

2
z , σ

2
z

)
(10)
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By making workers less elastic with respect to wages, higher τ1 partially undoes this sorting,
reducing output via lower aggregate labor productivity. This erodes the tax base.

Optimal taxes. We compute optimal tax progressivity τ ∗1 of a utilitarian Government planner.
The Government keeps average tax rates constant, returning additional revenue to households
via the intercept τ0. The Government also taxes profits at a rate τπ ∈ [0, 1]. Appendix B.1 shows
that optimal progressivity τ ∗1 equates the marginal benefit to the sum of distinct marginal costs:

(
1− τ∗1

)(
σ2
e + σ2

z

)
︸ ︷︷ ︸

Mechanical revenue benefit

= τ∗1

(
φ

φ+ 1

)(
1

1− τ∗1

)
︸ ︷︷ ︸

Hours: −τ∗1 ∂ log h(τ∗1 )/∂τ

+ τ∗1

(
ησ2

z

)
︸ ︷︷ ︸

Sorting: −τ∗1 dEρ[log zj ]/dτ∗1

+
(1− τπ) η

[τπ + η(1− τ∗1 )] [1 + η(1− τ∗1 )]︸ ︷︷ ︸
Leakage: ω(τ∗1 )∂ logµ(τ∗1 )/∂τ∗1

The benefits of progressivity are mechanical, and depend on the variance of log match output:
σ2
e + σ2

z . More dispersion in worker skills increases revenue-net-of-payments from increasing
progressivity. The costs reflect the endogenous response of hours, sorting and wages.

Hours. Setting σz = 0 and removing markdowns delivers the case in Ferriere et al. (2023) with
only the hours term on the right.24 Raising progressivity reduces hours, and this behavioral
effect pushes toward lower τ ∗1 . If labor is inelastic on the intensive margin, via a lower φ, then
this cost is low, and optimal progressivity is high. Relating to the previous section, a low ETI
based only on hours generates high optimal marginal tax rates (Table 5).

Sorting. When σz > 0, firm heterogeneity introduces two offsetting effects. The benefit is
mechanical: more dispersion in wages yields a higher return from raising progressivity. The
cost is novel, and depends on how the employment weighted productivity distribution (10)
responds to τ1. Raising progressivity reduces productivity, and this behavioral effect pushes
toward lower τ ∗1 . If labor is elastic on the extensive margin, via a higher η, or incurs large losses
in output when sorting worsens, via a higher σz, then this cost is high. Relating to the previous
section, a high ETI based on sorting generates low optimal marginal tax rates.

Leakage. The Leakage distortion arises because wages fall as markdowns endogenously widen
under higher progressivity. If profits are not completely taxed (τπ < 1), this represents lost
resources to the Government. Greater leakage tends to put downward pressure on tax progres-
sivity.

6.3.B. Optimal tax progressivity in the quantitative model

Guided by this analytical decomposition, we quantify the effects of the endogenous sorting and
markdown responses on optimal tax progressivity. In our baseline economy, we assume that
profits are fully taxed by the government (i.e., a 100% corporate tax rate, τπ = 1). We relax this

24More precisely, this formula can be obtained by differentiating the expression for welfare as a function of τ in
equation (6) of Ferriere et al. (2023), under an assumption of zero Government spending.
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Table 6: Optimal progressivity: role of hours, sorting, and wage adjustment

Hours only Hours + Sorting Baseline
(1) (2) (3)

A. Optimal progressivity τ ∗1
φ = 0.09 0.71 0.56 0.43
φ = 0.40 0.49 0.40 0.24
φ = 0.80 0.36 0.30 0.08

B. Marginal tax rate at P95 income (%)
φ = 0.09 88 78 68
φ = 0.40 74 68 49
φ = 0.80 61 59 33

C. Consumption equivalent welfare gains (%)
φ = 0.09 24.4 15.7 7.9
φ = 0.40 8.9 6.1 1.3
φ = 0.80 3.8 2.6 0.0

Notes: Column (1) (“Hours only”) holds sorting (ρ) and wages fixed at their baseline values, so that only hours adjust. Column (2) (“Hours
+ Sorting”) holds wages fixed while allowing hours and extensive choice probabilities to adjust. In Columns (1) and (2), aggregate profits Π
are held at their baseline level. Column (3) (“Baseline”) reports results from the full model, in which hours, sorting, and wages all adjust, with
τπ = 1 in the government spending formula. Panel B reports the marginal tax rate at the 95th percentile of earnings at τ∗1 , and Panel C reports
the consumption-equivalent welfare gain relative to the baseline with τ1 = 0.06. Rows correspond to alternative Frisch elasticities φ. For rows
with alternative φ, shifter parameters Z̄, φ̄ and τ0 are recalibrated under baseline τ1 to match mean hours, earnings and taxes, with all other
parameters as in the baseline.

assumption in the appendix. Government spending is therefore

G(τ0, τ1, τπ) =
∑
i,j

ρij

[
wijh

i
j − (1− τ0)

(
wijh

i
j

)1−τ1
− T

]
γ(ai, ei) + τπΠ(τ0, τ1) (11)

where Π(τ0, τ1) is aggregate profits.
We compute optimal tax progressivity as follows. For any candidate tax progressivity τ ′1, we

assume that government spending is fixed at its baseline level and τ ′0 adjusts to always deliver
the same government spending (i.e., G(τ ′0, τ ′1, τπ) = G(τ0, τ1, τπ)). We then report the value of τ ′1
that maximizes utilitarian household welfare.

Table 6 reports the results. First, consistent with our ETI exercise, we begin by only allowing
hours to move. Column (1) holds sorting and wages fixed (i.e., ρijm and wijm are taken directly
from the baseline economy and held fixed across τ ′1) and only allows hours to adjust as we in-
crease progressivity.25 At our estimated Frisch elasticity of φ = 0.09, optimal tax progressivity
is τ ∗1 = 0.71, implying a marginal tax rate at the 95th percentile of the income distribution of
88% (Panel B). Panel C shows that the resulting welfare gains are worth 24.4% of consumption.
Since workers are extremely inelastic, the hours distortion is small, yielding a low cost to redis-
tribution. As a result, the government raises progressivity and redistributes significantly. Rows
2 and 3 show that at higher levels of the Frisch elasticity, optimal tax progressivity is dampened.

25In Column (1) we also freeze Π(τ0, τ1) at its baseline level in equation (11).
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Column (2) runs a similar experiment to Column (1), except we allow sorting to respond
to tax progressivity as well.26 Allowing endogenous sorting puts significant downward pres-
sure on optimal progressivity. The optimal tax progressivity parameter τ ∗1 = 0.56 falls by 21%
(=0.56/0.71), and the marginal tax rate at the 95th percentile of the income distribution falls by
10 percentage points. Welfare gains also fall by 36% (=15.7/24.4). This significant downward
pressure on taxes and welfare gains is due to the fact that the extensive margin of labor sup-
ply is much more elastic than hours. With an active extensive margin, progressivity distorts
sorting and generates significant efficiency losses and so the government faces greater costs of
progressivity. The model infers the associated productivity losses from its interpretation of the
variance of firm fixed effects and sorting.

Lastly, Column (3) reports the results for our full quantitative model in which hours, sort-
ing, and wages (markdowns) adjust in response to tax progressivity. At our estimated Frisch
elasticity, the optimal tax progressivity parameter is τ ∗1 = 0.43, implying a marginal tax rate at
the 95th percentile of the income distribution of 68% and welfare gains worth 7.9% of consump-
tion. Relative to the “standard” model in Column (1), the optimal tax progressivity parameter
falls by 40% (=0.43/0.71), the marginal tax rate at the 95th percentile of the income distribu-
tion falls by 20 percentage points, and consumption equivalent welfare gains fall by 68% (=
7.9/24.4). As anticipated from the large contribution of sorting and wages to the ETI, allowing
these additional margins to endogenously adjust puts significant downward pressure on opti-
mal progressivity. As firms adjust their hiring patterns and markdowns, sorting and efficiency
deteriorate rapidly. As a result, the government desires much lower levels of tax progressivity.
This decline in desired progressivity is robust to the value of φ.

In Appendix C.4, we consider alternative leakage rates. In general, lower corporate tax rates
(higher leakage rates) put only modest downward pressure on optimal tax progressivity. At a
corporate tax rate of zero (full leakage), the marginal tax rate at the 95th percentile of the income
distribution falls to 65%, which is only 3 percentage points lower than under no leakage.

In Appendix C.5, we consider an alternative baseline tax system without transfers. In papers
such as Heathcote et al. (2020b), the tax system abstracts from transfers T = 0, but uses a higher
estimated degree of progressivity τ1 = 0.18. In Appendix C.5 we recalibrate the model under
this tax system, and repeat the optimal tax exercise. Our results are similar: adding endogenous
sorting and wages reduce optimal marginal tax rates at the 95th percentile by 18 percentage
points and welfare gains are one-third as large.

Summary. Sorting and firm markdowns raise the efficiency costs of tax progressivity in a
quantitatively meaningful way. Relative to the standard model in which only hours may adjust,
the optimal tax progressivity parameter falls by over one-third while consumption equivalent
welfare gains fall by roughly two-thirds in our full model.

26As in Column (1), we again freeze Π(τ0, τ1) at its baseline level in equation (11).
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7. Conclusion
This paper provides a simple integration of four building blocks in the quantitative study
of labor markets. First, the neoclassical model of consumption demand and hours supply
(MaCurdy, 1981). Second, the discrete choice model of labor supply across firms (McFadden,
1974; Card et al., 2018). Third, the imperfect competition model of labor demand with a finite
number of strategically engaged firms (Berger et al., 2022). Fourth, general equilibrium under
production complementarities between firm and worker types. We purposefully avoided ad-
ditions to each setting, and demonstrated that they fit together to provide new theoretical and
quantitative insights into the functioning of labor markets.

From a positive perspective, a key result is that the interaction of these ingredients ties to-
gether recent empirical results on firm and worker heterogeneity. First, standard decomposi-
tions of wage inequality into worker and firm fixed effects and their covariance. Second, cross-
sectional dispersion in worker data on consumption, wages, earnings, hours, and firm data on
employment and wages. Third, heterogeneity in reduced form elasticities of labor supply of
different groups of workers to different types of firms. Fourth, estimates of how labor supply
responds to shocks to non-labor income. Our view is that it is a virtue of existing theoretical
frameworks designed to handle each piece of these empirics that when combined together nei-
ther framework has counterfactual implications for the remaining data. This provides a unified
quantitative theory.

From the perspective of counterfactual analysis, putting these pieces together provides im-
portant results for sources of markdowns and effects of income tax policy. First, in general,
more than half of markdowns are variable, and hence may respond to changes in policy. Sec-
ond, across firms, the dominant source of markdown variation is the type of workers firms hire
and the role that high pay plays in shaping workers’ extensive margin elasticity of demand.
Third, by focusing on a highly elastic margin of labor supply—across firms, rather than hours
or participation—the model has new implications for the effect of income tax policy on aggre-
gate productivity, wages and earnings.

Our paper provides a quantitative apparatus for the study of additional policies that interact
with heterogeneity in workers’ marginal value of wealth, and hence will lead firms to rethink
how wages are set. As a leading example for future work, Universal Basic Income (UBI) has
been studied in rich quantitative lifecycle models of consumption and savings by Daruich and
Fernández (2024). Labor markets in that paper are competitive. Intuitively, however, the policy
would change how elastically different workers’ labor is supplied, which firms would internal-
ize in imperfectly competitive settings. Loosely, the idea that workers would be less attached
to the labor market under UBI, would show up as less elastic labor, and hence lower wages.
Other examples are unemployment insurance as in Acemoglu and Shimer (2000), provisions
for worker retirement, minimum wages and other policies that shape how workers interact
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with the labor market via their marginal value of a dollar of earnings.
Finally, while our model features elasticities of labor supply on the intensive (hours) and

extensive (firm choice) margin, additional margins exist that may similarly be priced by firms.
Relative to wage cuts, individuals may choose human capital accumulation (Keane and Roger-
son, 2012), retirement (Rogerson, 2024) or part-time work, as may be desired by parents (Goldin,
2014). For most workers, an individual firm is unlikely to be in a position to compete against
these options, but these factors may be highly relevant for workers in certain points in the life-
cycle. Extending our model to accommodate education, retirement and part-time work over
the lifecycle would be a natural step to incorporating these additional margins of labor supply.
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APPENDIX

This Appendix is organized as follows. Section A provides additional figures and tables. Sec-
tion B provides derivations of mathematical formulas in the main text. Section C provides
additional discussion referred to in the main text.

A. Additional figures and tables

A.1. Additional statistics on reduced form labor supply elasticities

In Table 1 we target the gap in reduced form labor supply elasticities (i) across workers, (ii)
across firms. Table A1 gives the levels that underlie these gaps. It is clear that, conditional on
worker type, elasticities are falling as we move up through the firm productivity distribution.
It is also clear that, conditional on firm type, elasticities are falling as we move up through the
worker wage distribution. Consistent with the data, the decline across firms is larger for lower
wage workers than for high wage workers.

A. Data - Seegmiller (2025) B. Model

Low z High z Low z High z

Low skill workers 8.44 5.72 8.96 6.38
High skill workers 1.72 1.07 2.19 1.36

Table A1: Levels of reduced form labor supply elasticities
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A.2. Comparative statics of sorting

To further illustrate key properties of the model, we consider two simple counterfactuals and
their implications for sorting.27

No complementarities. Figure A1(A) describes sorting under ψ = 0. Absent production com-
plementarities, wealth effects dominate sorting. With σ > 1, high productivity workers—who
also have higher assets on average—care less about wages and hence, in relative terms, are em-
ployed more in low wage firms. Meanwhile, low productivity workers are employed more in
high wage firms. This is counterfactual with respect to the empirical covariance in worker and
firm fixed effects. The ‘Share of log wage variance - Covariance of worker and firm fixed effects’ from
Table 1 flips from 0.16 to -0.76.
Flipped wealth effects. Figure A1(B) describes sorting under σ = 0.5. High wage work-
ers produce more at high productivity firms and, under σ < 1, care more about wages when
choosing where to work. Sorting becomes extreme. This is counterfactual with respect to the
empirical gap in labor supply elasticities to firms of low skill and high skill workers. The ‘Elas-
ticity gap: Low - high wage workers’ from Table 1 flips from 5.69 to -1.90.

Figure A1: Sorting - Counterfactual patterns of sorting under ψ = 0 and σ = 0.5

27In each case Z and φ are recalibrated to keep average hours and wages constant.
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A.3. Employment and hourly wages across firms

Figure A2: Employment and Hourly Wage

Appendix – p.3



B. Additional derivations

B.1. Derivation of optimal tax formulas

• We consider the following specialization of the full model presented in the text. This is
obtained by limits of existing model, hence is a strict specialization of our full model.

1. Preferences are log in consumption (σ = 1)

2. No non-labor income: (i) ai = 0, (ii) transfers are zero (T = 0). In the notation of the
paper, consumption cij is equal to after-tax labor income ỹij = (1− τ0)

(
wj (e

i)hij
)1−τ1 .

– To simplify on notation, we will use λ = (1− τ0), and write τ = τ1.

– In equilibrium, we require that the tax system is revenue neutral. This implies
that λ (τ) is a function of τ .

3. Log-modular production (ψ = 0)

4. Log normal distribution of firm productivity log z ∼ N (µz, σ
2
z)

5. Continuum of firms in each market (M → ∞) .

• Note that firms are still monopolistically competitive within their labor market, they are
simply small relative to the market

• Assumption - We assume that τπ ∈ [0, 1] fraction of firm profits are taxed.

• Optimally, a planner would set τπ to 1, taxing all of profits. However, we entertain τπ < 1

to show how this impacts results.

B.1.A. Firms

• Firm profits for each type of worker are as follows:

πj (e) = max
wj(e)

zje×H (e, wj)− wj (e)H (e, wj)

H (e, wj) = ρj (e)hj (e)

ρj (e) =
wj (e)

η(1−τ)∫
wk (e)

η(1−τ) dk

hj (e) = φ
1

φ+1 (1− τ)
φ

φ+1

• The extensive ρj (e) and intensive hj (e) labor supply conditions come from household
optimality, which we derive below.. These can be obtained from the equations in the text
under σ = 1, and cij = ỹij .
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• For type e labor, the firm faces a labor supply elasticity:

εj (e) = ερj (e) + εhj (e)

εj (e) = η (1− τ) + 0

• First, the firm is atomistic within the market, and hence there is no oligoposony term in the
elasticity. Second, with offsetting income and substitution effects, hours are independent
of wages.

• The firm therefore set wages

wj (e) = µj (zje) , µj =
εj

εj + 1
, εj = η (1− τ)

• Define the following functions:

h (τ) = φ
1

φ+1 (1− τ)
φ

φ+1 , µ (τ) =
(1− τ) η

(1− τ) η + 1

• Two observations are important: (i) the markdown is independent across firms and work-
ers, but still encodes the Direct Effect that we found was quantitatively responsible for the
large changes in earnings via reduced sorting when we decomposed the ETI, (ii) hours
are independent across firms and workers.

B.1.B. Household

• We draw on the representation of discrete choice problems used in Mongey and Waugh
(2025). This represents the problem as a direct optimization problem over the choice prob-
ability ρj . As shown in Mongey and Waugh (2025), writing the problem in this way allows
for clear applications of the envelope theorem, which facilitate standard welfare analysis.

• Welfare for an individual with skill e is

W (e, τ) = max
ρj ,cj ,hj

∑
j

ρj

[
log cj −

1

φ1/φ

h
1+1/φ
j

1 + 1/φ
− 1

η
log ρj

]
+
∑
j

Λj
[
λ (τ) (wj (e)hj)

1−τ − cj
]

+ ψ

[
1−

∑
j

ρj

]

• The first order condition for consumption is

ρj = Λjcj
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• The first order condition for hours is as follows, and delivers the intensive margin supply
curve given above:

ρj
1

φ1/φ
h

1
φ

j = Λj (1− τ)λ (τ) (wj (e)hj)
−τ wj (e)

ρj
1

φ1/φ
h
1+ 1

φ

j = Λj (1− τ)
[
λ (τ) (wj (e)hj)

1−τ]
1

φ1/φ
h
1+ 1

φ

j =

(
Λj
ρj

)
(1− τ) [cj]

hj (τ) = φ
1/φ

1+1/φ (1− τ)
1

1+1/φ

• Equating first order conditions for ρj and ρk:

log cj −
1

φ1/φ

h
1+1/φ
j

1 + 1/φ
− 1

η
log ρj −

1

η
− ψ = log ck −

1

φ1/φ

h
1+1/φ
k

1 + 1/φ

1

η
log ρk −

1

η
− ψ

log cj −
1

η
log ρj = log ck −

1

η
log ρk

ρj
ρk

=

(
cj
ck

)η
=

(
λ (τ) (wj (e)h (τ))

1−τ

λ (τ) (wk (e)h (τ))
1−τ

)η

=

(
wj (e)

wk (e)

)η(1−τ)
Using

∑
k ρk (e) = 1, we obtain

ρj (e) =
wj (e)

η(1−τ)∑
k wk (e)

η(1−τ)

This gives the extensive margin supply curve taken as given by the firm.

• Combining the choice probabilities of the worker, and the equilibrium wages of the firm:

ρj (e) =
(µ (τ) zje)

η(1−τ)∑
k (µ (τ) zke)

η(1−τ)

ρj (e) =
z
η(1−τ)
j∑
k z

η(1−τ)
k

B.1.C. Planner’s optimality condition

• The planner chooses τ to maximize welfare. Under the unit measure of individuals Γ (e):

W (τ) = E [W (τ, e)]

• Our approach is to take the derivative of W (τ, e) directly, exploiting envelope conditions.
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• Recall individual utility, where we now substitute in the equilibrium wage, which the
planner understands when choosing τ :

W (e, τ) = max
ρj ,cj ,hj

∑
j

ρj

[
log cj −

1

φ1/φ

h
1+1/φ
j

1 + 1/φ
− 1

η
log ρj

]
+
∑
j

Λj
[
λ (τ) (µ (τ) zjehj)

1−τ − cj
]

+ ψ

[
1−

∑
j

ρj

]

• We take the derivative with respect to τ and then evaluate ρj, cj, hj,Λj at the optimal
policies. Let yj (τ, e) = µ (τ) zjeh (τ)

Wτ (e, τ) =
∑
j

Λj (e)

[
∂λ (τ)

∂τ
yj (τ, e)

1−τ − λ (τ) yj (τ, e)
1−τ
(
log yj (τ, e)− (1− τ)

∂ log µ (τ)

∂τ

)]

• Using Λj (e) = ρj (e) /cj (e) and cj (e) = λ (τ) yj (τ, e)
1−τ :

Wτ (e, τ) =
∑
j

ρj (e)

[
∂ log λ (τ)

∂τ
− log yj (τ, e) + (1− τ)

∂ log µ (τ)

∂τ

]

Wτ (e, τ) =
∂ log λ (τ)

∂τ
−

(
log µ (τ) +

[∑
j

ρj (e) log zj

]
+ log e+ log h (τ)

)
+ (1− τ)

∂ log µ (τ)

∂τ

• Note that ρj (e) is independent of e, and can be written ρ (z). Let Eρ [log zj] denote the
employment-weighted mean of log productivity:

Eρ [log zj] = Ez
[

zη(1−τ)

Ez [zη(1−τ)]
log z

]

• Given that E [log e] = 0, then we have the planner’s optimality condition:

∂ log λ (τ)

∂τ
= [log µ (τ) + Eρ [log zj] + log h (τ)]− (1− τ)

∂ log µ (τ)

∂τ
.

• Interpretation - This is a clean expression that characterizes the planner’s optimality con-
dition for progressivity.

– On the right hand side is average log earnings. The adjustment reflects that at this
value of τ , increasing in τ further widens markdowns. Therefore the last term is
positive.

– The LHS is a decreasing function of τ . As τ increases, the additional revenue from
further increases falls. Therefore, increasing the size of the RHS will reduce optimal
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τ .

– However note that this argument is incomplete. A decrease in µ (τ) reduces worker
consumption. However if the planner taxes the implied increase in profits to the firm
and rebates these back to workers via λ (τ), then the net effect may be smaller. Below
we show that this is exactly the case. In fact all terms on the RHS will be recycled
back to workers and hence also appear in ∂ log λ (τ) /τ .

• Nested case - We will refer to the standard model as one in which σz = 0, such that there
is no firm heterogeneity, and µ (τ) = 1, as wages are set competitively. In this case, if µz
were such that mean log productivity was equal to zero, then, this would reduce to:

∂ log λ (τ)

∂τ
= log h (τ) .

B.1.D. Government budget

• We next compute the derivative on the left.

• The government taxes τπ share of firm profits.

• Hence, government revenue is all worker earnings, µ (τ) ezjh (τ), and τπ share of firm
profits τπ (1− µ (τ)) ezjh (τ).

Revenue (e, zj) = µ (τ) yj (e) + τπ (1− µ (τ)) yj (e)

Revenue (e, zj) = [τπ + (1− τπ)µ (τ)] yj (e)

• If τπ = 1, then the government absorbs all output yj (e). If τπ < 1, then a fraction
(1− τπ)µj (τ) is ‘leaks’ out of the income tax system to the owners of firms. The plan-
ner doesn’t like this leakage, which worsens as τ increases and µ (τ) widens.

• Define ω (τ) as follows:

ω (τ) =
(1− τπ)µ (τ)

τπ + (1− τπ)µ (τ)

∂ log [τπ + (1− τπ)µ (τ)]

∂τ
= ω (τ)

∂ log µ (τ)

∂τ
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• The government then returns post-tax income to all workers:

λ (τ)

∫ ∫
ρj (µ (τ) zjeh (τ))

1−τ djdF (e) = [τπ + (1− τπ)µ (τ)]

∫ ∫
ρjzjeh (τ) djdF (e)

λ (τ) = [τπ + (1− τπ)µ (τ)]
Ee [e]Eρ

[∑
j ρjzj

]
Ee [e1−τ ]Eρ

[∑
j ρjz

1−τ
j

]µ (τ)−(1−τ) h (τ)τ

• Then

log λ (τ) = log [τπ + (1− τπ)µ (τ)] +
(
logEe [e]− logEe

[
e1−τ

])
+
(
logEρ [zj]− logEρ

[
z1−τj

])
− (1− τ) log µ (τ)− τ log h (τ)

• Starting with the worker productivity term:

log e ∼ N
(
0, σ2

e

)
log e1−τ ∼ N

(
0, (1− τ)2 σ2

e

)
logEe [e]− logEe

[
e1−τ

]
=

〈
1

2
σ2
e

〉
−
〈
(1− τ)2

1

2
σ2
e

〉
d

dτ

(
logEe [e]− logEe

[
e1−τ

])
= (1− τ)σ2

e

– This has the interpretation of the net revenue that the government obtains. It brings
in e from the log normal distribution, but it only has to pay out according to the
left-shifted distribution. At the margin, on net, increasing 1− τ increases revenue by
exactly σ2

e . There is no interaction of the new parts of the model with this term.

• Moving to the firm productivity term.

– Note that, since ρj ∝ z
η(1−τ)
j , then the distribution of log z conditional on this sorting is

given by:

log z|Sorting ∼ N
(
µz + η (1− τ)σ2

z , σ
2
z

)
log z1−τ |Sorting ∼ N

(
(1− τ)µz + η (1− τ)2 σ2

z , (1− τ)2 σ2
z

)
– As η increases, or τ → 0 (linear taxes), workers become more elastic, sorting to higher

wages, which implies higher z. This shifts the distribution to the right. The fact that
the variance remains the same does not generalize to other distributions. Under a
Pareto distribution, the variance also shifts.
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– Using these distributions:

logEρ [zj]− logEρ
[
z1−τj

]
=

〈
Eρ [log zj] +

1

2
σ2
z

〉
−
〈
(1− τ)Eρ [log zj] +

1

2
(1− τ)2 σ2

z

〉
logEρ [zj]− logEρ

[
z1−τj

]
=

〈
τEρ [log zj] +

1

2
σ2
z

〉
−
〈
1

2
(1− τ)2 σ2

z

〉
d

dτ

(
logEρ [zj]− logEρ

[
z1−τj

])
= Eρ [log zj] + τ

dEρ [log zj]
dτ

+ (1− τ)σ2
z

– The second term is novel and gives the downward shift in mean log productivity
due to an increase in τ . At the margin, the planner loses τ of this shift on net.

• Combining terms:

log λ (τ) = log [τπ + (1− τπ)µ (τ)] +
(
logEe [e]− logEe

[
e1−τ

])
+
(
logEρ [zj]− logEρ

[
z1−τj

])
− (1− τ) log µ (τ)− τ log h (τ)

∂ log λ (τ)

∂τ
= (1− τ)

(
σ2
e + σ2

z

)
+ [log µ (τ) + Eρ [log zj] + log h]

+ ω (τ)
∂ log µ (τ)

∂τ
− (1− τ)

∂ log µ (τ)

∂τ
+ τ

∂ log h (τ)

∂τ
+ τ

dEρ [log zj]
dτ

• Compare this to the first order condition

∂ log λ (τ)

∂τ
= [log µ (τ) + Eρ [log zj] + log h (τ)]− (1− τ)

∂ log µ (τ)

∂τ
.

• Result - Under 100% profit taxes, the effect of progressivity on markdowns drops out of the opti-
mal tax formula.

– Under τπ = 1, then there is no leakage, and ω (τ) = 0. Hence the additional markdown
terms cancel.

– Fix an allocation on the extensive and intensive margin. The amount that the worker
is paid is incidental to the planner, as lower pay simly means higher profits, which
are then redistributed back to workers. Under log utility, all workers value that re-
distribution identically. To a first order, the planner does precisely this computation,
i.e. fixing an allocation.

– Hence, the planner only cares about how the changes in wages due to changes in
taxes impact allocations.

– We also see this in the terms that reflect mean earnings. These are taxed and recycled
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back to households, and hence drop out of both sides of the optimal tax expression.

E [log yj (e)] =

∫ ∑
j

ρj log µ (τ) zjeh (τ) dF (e)

E [log yj (e)] = log µ (τ) + Eρ [log zj] + Ee [log e] + log h (τ)

B.1.E. Optimal tax formula

• Combining, we find that all terms in the first order condition representing the effect of
taxes on individual welfare holding fixed λ (τ) net out against terms that appear in the
equilibrium change in λ (τ). We are left with the following:

(1− τ)
(
σ2
e + σ2

z

)
= −ω (τ)

∂ log µ (τ)

∂τ
− τ

∂ log h (τ)

∂τ
− τ

dEρ [log zj]
dτ

• At the optimum, the government balances out marginal fiscal gain obtained by exploiting
dispersion in the tail of income, against marginal fiscal loss associated with behavioral
responses and leakage via widening markdowns.

• In terms of marginal gain: at each income level, the planner gets $1 of income, but only
has to pay out (1− τ). The left-hand side represents an integral where that change in τ

occurs along the entire distribution. It can be shown that without any restrictions on the
distribution of e and z, the right hand side remains the same. It is completely robust to
distributional assumptions. When we move to more general distributions of productivity,
the left-hand side changes.

• The right hand side contains the behavioral effects of higher progressivity. Higher τ reduces
hours, and this reduces net revenue by τ . Higher τ reduces aggregate productivity, and
this reduces net revenue by τ .

• From above we can compute these derivatives:

(1− τ)
(
σ2
e + σ2

z

)
= −ω (τ)

∂ log µ (τ)

∂τ
− τ

∂ log h (τ)

∂τ
− τ

dEρ [log zj]
dτ

(1− τ)
(
σ2
e + σ2

z

)︸ ︷︷ ︸
Marginal revenue benefit, fixing behavior

= ω (τ)

(
1

1− τ

)(
1

η (1− τ) + 1

)
︸ ︷︷ ︸

Marginal leakage cost

+ τ

(
φ

φ+ 1

)(
1

1− τ

)
+ τησ2

z︸ ︷︷ ︸
Marginal behavioural costs

• This expression keeps terms in their respective places.

• Marginal revenue gain from taxes is decreasing in τ , while the marginal behavioral cost of
taxes is increasing in τ . This delivers a unique τ ∗.
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• A higher value of σ2
z increases the marginal revenue gains, by delivering more disper-

sion in earnings, which can be taxed. It also increases the marginal behavioral costs,
as reallocation of workers across firms leads to steeper revenue losses. In the text, our
numerical approach neutralizes the first term, by comparing economies indexed by ζ =

σ2
z/ (σ

2
z + σ2

e), while keeping σ2
z + σ2

e constant.

• Optimal tax formula

– In the text, we re-arrange this formula to obtain the following:

τ

(1− τ)2
=

σ2
e + σ2

z(
φ
φ+1

)
+ (1− τ) ησ2

z +
ω(τ)
τ

(
1

η(1−τ)+1

) .
– Larger distrortions in the denominator push τ downards. The three distortions enter

the denominator. The left hand side is increasing in τ . Hence, as a simple example,
a higher Frisch φ makes hours more elastic to taxes, increasing the hours distortion,
reducing the denominator: limφ→∞

(
φ
φ+1

)
↗ 1.

• Special cases

– Under the case of no leakages, ω (τ) = 0, in which case we obtain:

τ

(1− τ)2
=

σ2
e + σ2

z(
φ
φ+1

)
+ (1− τ) ησ2

z

– In the standard model, σ2
z = 0, the only trade-off is against the behavioural cost due to

hours changes. A higher Frisch φ leads to lower optimal τ .

τ

(1− τ)2
=

σ2
e(
φ
φ+1

)
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C. Additional discussion

C.1. Comparison to Volpe (2025)

As an application of the identification arguments described in the paper, we contrast sorting via
wealth effects and complementarities to sorting via amenities in Volpe (2025).

In Volpe (2025) labor is only supplied on the extensive margin across firms and utility is:

U i
j = βi logwj(e

i) +
1

η
log ϕj(e

i) + ζ ij.

Households differ in skill ei, and within each skill, there is heterogeneity in βi, the coefficient on
log wages in utility. We simplify to ei ∈ {eL, eH} and βi ∈ {βL, βH}. Firms have heterogeneous
amenity values and these are valued differently by workers of different skills, ϕj(ei). These
values are independent of βi.

Applying our derivations in the main text, labor demand and firms’ elasticity are:

ρj

(
ei, βi

)
=

ϕj(e
i)wj(e

i)ηβ
i∑

k ϕk(e
i)wk(ei)ηβ

i , εj(e
i) = η

∫
ρj(e

i, βi)∫
ρj(ek, βk) dk

βi di

The individual elasticity is εij = ηβi, and depends only on an individual’s price sensitivity βi

and dispersion in preferences η.
Sorting can then be thought of in two ways. First, consider sorting by β, conditional on e.

Fix e and consider two firms z1 > z2. The measure of super-modularity can be solved by hand,
and depends only on differences in βi across individuals and the differences in firm wages.

Υρ(e) = log

(
ρ1(e, β

H)/ρ1(e, β
L)

ρ2(e, βH)/ρ2(e, βL)

)
= η
(
βH − βL

)(
logw1(e)− logw2(e)

)
. (B1)

This is always positive. High-β types sort to high wage firms, implying a higher εj at these
firms and narrower markdowns. This is inconsistent with Fact 3 for U.S. and Brazilian data, as
described in the main text.

Second, consider sorting by e, conditional on β. Fixing β, it is straight-forward to show that
Υρ(β) = Υϕ. That is, sorting is driven entirely by workers’ systematic differences in amenity
values at high and low wage firms.

In this environment, Fact 1 (high skill workers have lower elasticities) can only be rational-
ized by high skill types having lower β’s. However, by itself, this yields negative sorting: high
skill workers would sort toward low wage firms. Hence, matching positive sorting in the data
(Fact 2) requires high e workers obtain systematically higher amenities from high wage firms:
Υϕ > 0.
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C.2. Simulation of Seegmiller (2025) in structural model

When estimating the model, we simulate the experiment implied by the empirical approach in
Seegmiller (2025). First, assign all workers in the economy into three groups based on labor
income: qw ∈ {1, . . . , Qw}. The first group corresponds to quintiles one and two of wages,
the second corresponds to quintiles three and four, the third corresponds to the top quintile.
Second, assign all firms in the economy into employment-weighted quartiles of value-added
per worker, denoted qf ∈ {1, . . . , Qf}. We implement the following algorithm, which consists
of three steps:

- Step 1 - Construct comparable data

- For each j ∈ {1, . . . , J}

- Exercise j

- Multiply firm j productivity in all matches A(z, e) by a factor χ > 1. All other firms’ produc-

tivity within the market is constant. All other markets are unaffected. Since each market is

infinitesimal, this implies that vi, the worker’s value in other markets, is unchanged.

- Solve again for the equilibrium. This leads to reallocation of labor into the market, and across

firms within the market.

- Using the baseline and counterfactual equilibrium, assemble measures of average earnings

and employment at firm j for each group qw of workers: nj,qw , yj,qw .

- Repeat this exercise for all j firms.

- Step 2 - Compute comparable treatment effects

- We have Qw × Qf cells of worker×firm types. For each cell, we seek to measure the effect of the

shock on log employment and log average wage. Denote these estimands βnqw,qf and βyqw,qf .

- For each firm group qf ∈ {1, . . . , Qf}

- Take all treated firms j ∈ qf

- For each worker group qw ∈ {1, . . . , Qw}, we compute the unweighted mean of ∆ log nj,qw

and ∆ log yj,qw , across firms within the firm group. Denote these βnqw,qf and βyqw,qf .

- We now have Qw ×Qf log earnings and log employment coefficients.

- From these we compute the reduced form labor supply elasticities ϵqw,qf = βnqw,qf /β
y
qw,qf . These are

comparable to the coefficients in Seegmiller (2025) Table IA.3.

- Step 3 - Aggregate to three statistics used in Table 1

- From these we obtain three statistics: (i) average elasticity, (ii) elasticity gap between high and low

firms, (iii) elasticity gap between high and low workers
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(i) Average elasticity - Using employment in each cell, we compute the employment nqw,qf -

weighted average of ϵqw,qf .

(ii) Worker gap - Using employment in each cell, we compute the employment weighted average

of ϵqw,qf for high skill workers using the top quintiles (qw = 3) and for low skill workers using

the bottom two quintiles (qw = 1). We then compute the difference.

(iii) Firm gap - Using employment in each cell, we compute the employment weighted average

of ϵqw,qf for low productivity firms in the bottom two quartiles qf ∈ {1, 2} and for high

productivity firms using the top two quartiles qf ∈ {3, 4}. We then compute the difference.

- This same procedure is used to compress the Qw × Qf = 12 statistics in Seegmiller (2025)

Table IA.3 into three comparable statistics.

We choose the value of χ = exp{0.04} given the increase in average earnings of 4 percent Seeg-
miller (2025) (Figure 1).
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C.3. Conditional downward job moves

Our validation statistic is the change, following a windfall, in the probability that a job-to-
job move is downward (i.e., to a lower-paying firm) conditional on moving. This conditional
downward move probability is computed as the downward share of all moves (down over
down-plus-up). Golosov et al. (2024) report the sample average probabilities of any, downward
and upward moves. They also compute the post-win difference-in-differences estimates of the
effect of winnings on the probability of any, downward, and upward moves, at horizons one,
two, three, four and five years after the lottery win. If we had these statistics, we could com-
pute the increase in the conditional downward-move probability at a five year horizon, which
is appropriate for our static model which effectively compares across steady-states. However,
Golosov et al. (2024) only released and report the average of these effects over the 5 years post-
win. Using these we compute that, on average over these periods, the downward-move proba-
bility rises from 0.49 to 0.54, an increase of 4.6 percentage points. Using the event-study profile
of Golosov et al. (2024) (their Figure B.11(d)), the t = +5 conditional downward-move response
is a factor of 1.51 larger than the pooled, horizon-averaged response (2.7 versus 1.8 percentage
points). We therefore rescale the pooled estimates by this factor, which delivers the moments
we compare to the model: 4.6× 1.51 is 6.9 from Table 2.
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C.4. Optimal Taxes - Alternative rates of corporate tax

Table C1 reports optimal tax rates under alternative leakage rates (lower corporate tax rates
τπ). We consider τπ = 0.15 and τπ = 0 in Columns (2) and (3) respectively. When we lower
corporate profit tax rates below 100%, we assume retained corporate profits are not rebated
to households. In line with the analytic model, greater leakage puts downward pressure on
optimal tax progressivity (Panel A), the marginal tax rate at the 95th percentile (Panel B), and
welfare gains (Panel C). There is little effect on the headline statistics.

Table C1: Optimal progressivity under various leakage rates

τπ = 1 τπ = 0.15 τπ = 0

(1) (2) (3)

A. Optimal progressivity τ ∗1
φ = 0.09 0.430 0.385 0.375
φ = 0.40 0.240 0.260 0.265
φ = 0.80 0.080 0.155 0.165

B. MTR at P95 (%)
φ = 0.09 68.1 67.2 65.4
φ = 0.40 48.8 51.5 52.4
φ = 0.80 33.4 38.8 41.0

C. CEV (%)
φ = 0.09 7.91 6.12 5.87
φ = 0.40 1.30 1.68 1.75
φ = 0.80 0.01 0.29 0.38

Notes: All columns report results from the full baseline model, in which hours, sorting, and wages adjust, under al-
ternative values of τπ in the government spending formula: τπ = 1 (Column (1), identical to the “Baseline” column
of Table 6), τπ = 0.15 (Column (2)), and τπ = 0 (Column (3)). Panel A is obtained by cubic spline interpolation.
Panel B reports the marginal tax rate at the 95th percentile of earnings at τ∗1 , and Panel C reports the consumption-
equivalent welfare gain relative to the baseline with τ1 = 0.06. Rows correspond to alternative Frisch elasticities
φ. For values other than the baseline, Z̄ and φ̄ are recalibrated to match baseline mean hours and earnings, with
all other parameters as in the baseline.
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C.5. Optimal Taxes - Tax system without transfers

Table C2 shows the calibration of the model under a tax system with no transfers (T = 0), but
higher progressivity τ1 = 0.18.

Parameter Value Moment Data Model

Government transfer T $0 HSV (2020b)
Tax function - Progressivity τ1 0.18 HSV (2020b)
Tax function - Shifter τ0 -4.29 Ratio: Income tax / Payroll 0.29 0.25

Productivity shifter Z 52.38 Average earnings $45,207 $45,718
Labor disutility shifter φ 48,187 Average hours 1,777 1,780

Worker prod. dispersion σe 0.83 Variance of log consumption 0.27 0.26
Firm prod. dispersion σz 0.53 Share of log wage variance - Firm effects 0.13 0.11
Complementarity coefficient ψ 0.12 Share of log wage variance - Covariance 0.16 0.16

Share of log wage variance - Error+ 0.10 0.05
Share of log wage variance - Worker effects+ 0.61 0.68

Within-market dispersion η 7.75× 106 Average elasticity∗ 5.34 4.46
Across-market dispersion θ 0.01× η Elasticity gap: Low - High wage firms∗ 1.69 1.83
Relative risk aversion σ 2.38 Elasticity gap: Low - High wage workers∗ 5.69 5.63

Frisch elasticity φ 0.15 MPE after $7,500 windfall gain -0.52 -0.57
Number of firms J 16 HHI - Payroll 0.11 0.11

Table C2: Calibration of model under T = 0 and τ1 = 0.18

Table C3 gives the results from optimizing tax progressivity in this model. These are very
close to our baseline results Table 6.

Hours only Hours + Sorting Baseline
(1) (2) (3)

A. Optimal progressivity τ ∗1
φ = 0.15 0.70 0.59 0.46
φ = 0.40 0.56 0.49 0.33
φ = 0.80 0.45 0.40 0.18

B. MTR at P95 (%)
φ = 0.15 87 81 69
φ = 0.40 76 72 55
φ = 0.80 66 66 41

C. CEV (%)
φ = 0.15 21.1 13.9 6.0
φ = 0.40 9.7 6.7 1.3
φ = 0.80 4.2 2.8 0.0

Table C3: Optimal progressivity - Baseline has T = 0 and τ1 = 0.18
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