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Abstract

We provide a number of insights into the nature and consequences of monopsony
power through the lens of comparative advantage, where employers’ power in wage
setting stems from match-specific rents. Chief among them is that employers will
apply larger wage markdowns to workers with greater comparative advantage at
their firm. This leads to stronger monopsony power over more productive workers,
provided the workers’ comparative advantage aligns with their absolute advantage.
Using Brazilian administrative data, we confirm this prediction: monopsony dispro-
portionately affects high-wage workers within firms and workers at high-paying
firms. The model, calibrated to our estimates for Brazil, predicts that minimum
wages increase both wages and formal employment for more productive workers

while pushing less productive workers out of formal employment.
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1 Introduction

Research on labor markets is increasingly focused on the role of monopsony power, examin-
ing its impact on income inequality and labor’s allocation, as well as its implications for pol-
icy interventions, specifically minimum legal wages. While traditional approaches associate
monopsony power with firm characteristics—especially a firm’s employment share—this pa-
per proposes a novel perspective by attributing monopsony power to comparative advantage
at the level of a worker-firm match.

Our study integrates Robinson’s (1933) model of non-competitive firm wage setting with
Roy’s (1951) model of worker comparative advantage. The reasoning is as follows. Monopsony
power emerges when a firm faces an imperfectly elastic labor supply, implying the firm has
workers it could employ at lower wages. The differential between wage received and wage
required represents a rent for those inframarginal workers. The Roy model associates rents
with a worker’s comparative advantage in their job, i.e., their productivity at their chosen job
relative to alternatives. As a result, we can associate monopsony power in wage setting with
workers who have a comparative advantage at their firm.

This synthesis directs attention to match characteristics in looking for monopsony power
in the data. Our model predicts that employers will discriminate in wage setting, imposing
larger wage markdowns on workers who exhibit greater comparative advantage at their firm.
When workers’ comparative advantage aligns with their absolute advantage, employers apply
larger markdowns to their most productive workers. Hence, monopsony power promotes wage
equality within firms. Intuitively, monopsony taxes worker rents; so, presuming higher-wage
workers command larger employer rents, they will face steeper markdowns.

We study an oligopsony equilibrium where employers compete for workers, initially fo-
cusing on symmetric firms to analytically characterize employers’ wage strategies over more
and less productive workers. The allocation of workers across firms is efficient because firms’
markdowns are symmetric. Firms offer wages that reflect a worker’s productivity and the dis-
tribution of second-best productivities for workers of that productivity. In turn, markdowns
at each productivity reflect a weighted average of workers’ comparative advantage with their
employer—greater comparative advantage means steeper markdowns. We also show how com-
parative advantage, and hence markdowns, are affected by the number of firms competing for
a worker and the correlation of that worker’s productivity across firms. Finally, we show that
a minimum wage, through the strategic interaction of firms in oligopsony, acts to raise equilib-
rium wages throughout the wage distribution.

We next examine an asymmetric duopsony where one firm exhibits higher productivity. The

more productive firm pays higher wages, is larger, but consequently has more inframarginal



workers with rents, leading it to impose larger wage markdowns. These predictions align with
those of previous models that associate monopsony power with large employers and predict
that monopsony reduces aggregate productivity by distorting labor away from the largest, most
productive firms (Berger et al., 2022).

We also consider a duopsony where one firm exhibits comparative advantage primarily
for skilled workers (its technology is more skill-biased). This firm is high-wage because it
predominantly employs high-skill workers, but especially marks down wages for those workers
because comparative advantage is greatest there. Conversely, low-wage firms apply larger
markdowns to less-skilled workers. These asymmetric markdown strategies impair skill sorting
by diverting workers away from their comparative-advantage employer, beyond their distortion
of relative firm sizes.

We test our predictions using data from Brazil’s formal labor market through the Relacdo
Anual de Informacoes Sociais (RAIS). The RAIS tracks establishment-worker matches, provid-
ing information on location, industry, employment, earnings, hours, and occupations. We seg-
ment workers into markets based on their metropolitan area and broad occupation. We then
further stratify workers by their relative wages at their employer to see how an employer’s
rate of employment growth affects both wages and employment throughout the firm’s wage
distribution. The inverse elasticity of an employer’s labor supply curve — which determines
wage markdowns — is revealed through the relative responses of wages versus employment
at different points in the wage distribution.

Our chief finding is that employment growth generates larger wage changes for an em-
ployer’s high-wage workers, while employment responds more strongly at the bottom of its
wage distribution. This indicates a less elastic labor supply for employers’ higher-wage work-
ers. Our estimates imply markdowns on the order of 25 percent for those in the top wage
quartile at an employer while showing minimal monopsony power for employers’ low-wage
workers.

In light of our asymmetric examples of duopsony, we stratify employers both by relative
wages and by market shares of employment. We find that high-wage employers face a less
elastic labor supply, implying larger markdowns for their workers. This holds true even for
their lower-wage workers, suggesting, in terms of the model, that they have a productivity ad-
vantage throughout their wage distribution, not just with high-skill workers. However, firms’
relative wages and market shares only weakly align for Brazil, unlike in models with general
productivity differences across firms. In fact, we do not find that large employers face a less
elastic labor supply, even though high-wage firms do. Therefore, while monopsony’s effects are

often emphasized with respect to lower-wage workers, particularly in minimum wage analy-



ses,! our estimates suggest that the most substantial markdowns occur for high-wage workers
at high-wage firms, thereby promoting wage equality.

We end by examining the impact of an informal labor market and a minimum wage—both
important features of the Brazilian labor market—in a model calibrated to match our markup
estimates. The literature suggests that minimum wages can reduce monopsony power by turn-
ing employers into wage-takers at the legal minimum. Our model provides two key insights.
In the oligopsony equilibrium, a legal minimum drives up wages throughout the wage distri-
bution. For this reason, it cuts markdowns and expands formal-sector employment for workers
at wages above and beyond the legal minimum. At the same time, our model suggests little
monopsony power vis-a-vis low-wage workers. As a result, any sizable minimum wage will
drive a large number of lower-wage workers out of the formal sector into lower-paying infor-
mal jobs.

After we discuss some of the most relevant literature, Section 2 presents our model and its
predictions. Sections 3 and 4 describe our data, empirical specifications, and findings. Section
5 examines minimum wage policy in our model extended to include a competitive informal

sector where minimum wages go unenforced. Section 6 concludes.

Related Literature. Our paper unites two separate streams of economic theory: Roy’s treat-
ment of worker sorting and Robinson’s analysis of employer market power. The Roy model is
traditionally used to address comparative advantage and selection across industries or occupa-
tions under competitive wage setting. Our paper offers a novel application of the Roy model
by shifting its focus from broad occupational or industry sorting to firm-level labor allocation.
Framing the Roy model at the firm level naturally leads to monopsonistic wage setting where
employers’ market power varies across its workers.

As in much of the recent literature, our treatment of employers’ market power follows
in Robinson’s footsteps by using heterogeneous worker rents to trace out firms’ labor supply
curves, e.g., Card et al. (2018), Berger et al. (2022), Azkarate-Askasua and Zerecero (2023),
Lamadon et al. (2022), Chan et al. (2024), and Volpe (2024).?> However, these rents are typi-
cally modeled via differences in workers’ outside options in wages or job amenities, unknown

to the firm.> We allow worker productivity to vary within and across firms, enabling employers

IReferences include Dube et al. (2019), Godoey and Reich (2021), and Jardim et al. (2022).

28earch frictions as in Burdett and Mortensen (1998) provide another way to motivate rents. A number
of papers have used such rents to generate monopsony power; examples include Manning (2003), Hurst et al.
(2022), Jarosch et al. (2024), and Cheremukhin and Restrepo-Echavarria (2025) These papers relate wage setting
to employer characteristics, especially market share. Their implications are less clear for how monopsony power
varies at the match level.

3Volpe (2024) allows workers to differ in their marginal rates of substitution (MRS) of wages versus employer
amenities. This generates a novel implication that high-wage firms systematically attract workers who care less



to base their wage markdowns on worker productivity. Importantly, we model oligopsony in a
strategic general equilibrium, with each employer recognizing the wage strategies of compet-
ing employers as in Berger et al. (2022) and Chan et al. (2024).

Empirically, if we do not stratify workers by their relative wages, we estimate a markdown
for Brazil of 13 percent. That roughly aligns with a number of estimates for the US and else-
where. Felix (2024) and Lobel (2024), like us, estimate labor supply elasticities for firms in
Brazil’s formal sector. Lobel, using payroll tax changes as an instrument, finds an implied mark-
down of 19 percent, whereas Felix, instrumenting with tariff changes, reports a much higher
markdown of 50 percent. Among empirical studies of the US labor market, Staiger et al. (2010)
estimate 10 percent markdowns in nursing; Dube et al. (2019) estimate 20 percent markdowns
in retailing; Yeh et al. (2022) estimate 35 percent markdowns in manufacturing; and Lamadon
et al. (2022), Seegmiller (2023), and Berger et al. (2022) respectively estimate 15 percent, 17
percent, and 25 percent markdowns economy-wide.

We provide evidence that markdowns vary considerably by the wages of workers at an em-
ployer, with roughly 25 percent markdowns for higher-wage workers but near zero for lower-
wage workers. These results, and our model predictions, align with those of recent papers that
find higher earnings responses within firms to tax changes, (Carbonnier et al., 2022; Lobel,
2024), to new patents, (Kline et al., 2019), and to firm stock price (Seegmiller, 2023).* They
also align with Han’s (2024) findings that imperfect human capital transferability strengthens
MOoNopsony powetr.

A number of papers have examined minimum wages in light of monopsony power. Engbom
and Moser (2022), Machado Parente (2024), and Luduvice et al. (2024), like us, consider min-
imum wages in the presence of both market power and an informal sector. Hurst et al. (2022)
and Berger et al. (2025) point out that minimum wages have limited impact on monopsony if
most workers’ wages are well above a plausible legal minimum. Our model reinforces this lim-
itation because monopsony power is skewed to higher-wage workers. But, at the same time,
our model provides a further rationale for minimum wages: because a minimum wage reduces
markups throughout the wage distribution, it draws workers back to the formal sector even if

their wages are above the minimum wage.

about amenities, implying that high-wage firms face a more elastic labor supply. Volpe also allows for the MRS of
wages versus amenities to correlate with certain observable worker characteristics, e.g., schooling. As a result, a
firm will vary the markdown across its workers if they differ in those observables.

4Seegmiller (2023) estimates a less elastic supply for workers with higher observable skills, e.g., more school-
ing. We find that supply is less elastic more generally for high-wage workers within a firm.



2 Model

We analyze wage setting and employment allocations for a symmetric oligopsony and for an

asymmetric duopsony. We first present the general features of the economy and its equilibrium.

2.1 Economic Environment and Preliminaries

Consider a labor market consisting of K firms and a unit mass of heterogeneous workers. Each
worker is endowed with a set of skills that translate to Y, > O units of labor at firm k €
{1,---,K}. Firm k’s output aggregates its workers’ productivities linearly; so its total output is
f yn(y)dy, where n,(y) denotes the measure of workers k employs of productivity y. As a
result, we can express a worker’s productivity as efficiency units or levels at firm k.

Workers’ efficiency levels can be correlated across firms. Let Z(yy, - -,Yx) = P(Y; <
Y1, , Yg < yx) denote the joint distribution of efficiency units in the market with marginal
distributions denoted by F,(y;) = P(Y, < yi). We assume that F, are strictly increasing and
continuous. Under these conditions, G admits a unique copula representation (Sklar, 1959):
F (v, ,Yx) = C(uy,...,ux), where C is a copula and u;, = F;.(y;).

We define comparative advantage by comparing a worker’s productivity across firms to the

distribution of efficiency levels in the population.

Definition 1 A worker with efficiency levels y, and y; at firms k and j has a comparative advan-

. . .Y E[Y;]
tage at firm k over firm j if 3+ < g

The definition above is ordinal. The (cardinal) strength of comparative advantage is deter-
mined by how much better a worker is at firm k versus j relative to an average worker. Ac-
cordingly, we quantify that strength by the distance between the ratio of a worker’s efficiency

levels at the two firms and the corresponding ratio of population means:

E[Y;] Yy
E[Yi] ¥

R(y;/y) =

for y; < y,. Note that when E[Y;] = E[Y, ], the strength of the comparative advantage varies
between 0 and 1.

Each worker can be hired by a single employer. An allocation (of workers to firms) is
therefore a K-dimensional partition IT = {7, , 7y} of Rf. Employment at firm k is given
by the measure of workers allocated to that firm: n.(m,) = P({Yy, -, Yy} € m;). Naturally,
> (m) = 1. We consider an allocation to be efficient if workers are allocated where they

are most productive. Formally,



Definition 2 An allocation 11 is efficient if y = {y,- -, yx} € 7y if and only if y, = y; for all
j,ke€{l,--- K} and for all y € RX.

2.2 Oligopsonistic Competition

Firms compete over workers by simultaneously posting wage offers that depend on a worker’s
productivity at their firm: w,(y) : R, — R,. We assume that firm k observes worker’s produc-
tivity y;, but not their productivity at other firms y;... Workers see their wage offers across
firms. Based on those offers, a worker chooses the employer that pays them the highest wage:

. 1
pemnax wi(yi) (1)

Thus a firm attracts a worker only if its wage offer tops all other firms. In turn, the labor
supplied to firm k at wage w by workers with efficiency Y, = y comes from those whose

efficiency levels elsewhere do not garner a better wage:

n(w; y) =P(w;(y;) <w,Vj #k|Y, = y)fi(¥), 2)

where f,(y) = F/(y) is the density of workers with Y; = y. The probability that w is the
worker’s highest wage offer is conditional on Y; = y, since workers’ productivities are generally
correlated across firms.

The labor supply function faced by firm k is non-decreasing in w because the probability
of w being the highest offer is increasing in w by definition. Recognizing this, firms set their

wage schedules to maximize profits:

0<wi(y)<y

max J(y —wi( ) (wi (y); y)dy . (3)

The following defines the equilibrium in this labor market:

Definition 3 An oligopsonistic equilibrium is a set of wage schedules w,(y) and an employment

allocation 11 such that:

1. For each k = {1,--- ,K}, w(y) maximizes firm k’s profits given the labor supply function
n,(w; y) and wage schedules of other firms {w;(y)}; .

2. Workers choose the highest wage offer given the set of wage schedules, {w( y)}llle.

3. The labor market clears n () = n(wi(y); y) forall k ={1,--- ,K}.



The equilibrium in our oligopsony setting is similar to that in first-price, sealed-bid auctions.
The existence of an equilibrium in that context with monotone bidding strategies is addressed
in Athey (2001) and Reny and Zamir (2004). To characterize the equilibrium, note that firm
k’s profit-maximizing wage offer for workers with efficiency level y satisfies:

(y—W)anka(W;y)
w

By marginally raising the wage, firm k raises employment by dn,(w;y)/dw. Each added

= ni(w; y). 4

worker contributes y — w to profits. The optimal wage offer balances this gain against the
transfers it entails to inframarginal workers, those for whom firm k’s wage offer is already
their best. That cost, per dollar higher wage, is n,(w; y). Rearranging the optimality condition

gives the well-known representation in monopsonistic labor markets:

w_ mwy)

y  l+mwsy)
where 1 (w;y) = dn(w;y)/dw x w/n,(w; y) is the elasticity of labor supplied by workers
of efficiency level y to firm k at wage level w. A more elastic labor supply schedule, higher

N (w; y), calls for a higher w/y and, therefore, a lower wage markdown 1 —w/y.

2.3 Symmetric Equilibria

We begin our analysis with a symmetric market where firm productivities are identically drawn.
This allows us to analytically characterize the equilibrium with symmetric wage strategies.
Formally,

Definition 4 A market is symmetric if C is exchangeable and has common marginals F,.(y) =
F(y)forallk ={1,--- ,K}.

For any arbitrary distribution function F(x|y) over the interval x € [0, y], define Ez[x|x <

y]= f (;V xdF(x|y) as the weighted upper-truncated mean of x with weights given by F’(x|y).

Theorem 1 (Symmetric Equilibrium) Consider a symmetric market with K firms. The sym-
metric oligopsony equilibrium is characterized by the following wage offer policy and employment
allocation.

1. Wage offer policy

y
w(y) = f xdF(x|y) =Ep(x|x < y),
0

where F(x|y) = exp[— f;, > ik %F '(z)dz] and Cy; is the cross-partial derivative

of the C w.rit. u, = Fi(y) and u; = F;(y) for all j # k € {1,...,K}.
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2. Foranyy={y,, ..., yx} €RY, y € m, if and only if k = argmax;{y, ..., yx}, and employ-
ment at firm k is given by:

nk(ﬂ:k) = Ck [F(y)’ ,F(}’)]F/(J’) Vk = {1,,K}

Theorem 1 characterizes firm k’s optimal wage offer as a weighted average of efficiency
levels that are inferior to the worker’s productivity at k. The weight assigned to each efficiency
level, x < y, reflects the probability that x represents the worker’s second-best productivity.”
To see this, note the following (heuristic) identity.

ik Cik(F(X), .., F(x))  P[max; Y; ~x | ¥ = x]
Ci(F(x),...,F(x)) P[max; 4 Y; < x|V, =x]’

where Y; ~ x means Y; € [x — €, x + €] for some small € > 0. The denominator represents
the fraction of workers, with efficiency Y, = x at firm k, who are less productive elsewhere.
All such workers are employed at firm k by Theorem 1. The numerator is the relative density
of workers with Y, = x who are (almost) equally productive elsewhere. So the above ratio
can be viewed as the probability that a worker at k is equally productive elsewhere.® If that
probability is higher, then F(x|y) is lower at any x < Yy, effectively raising the wage offer.
Because Ci(F(x),..., F(x))F'(x) = ni(x), the ratio can also be interpreted as the density of
marginal employees to total employment at firm k of workers with efficiency level Y, = x. Two
factors that could naturally raise that probability are a larger number of competitors, K, or a
higher correlation of worker productivity across firms. We discuss these further below.

Because the wage offer is effectively a truncated mean, it follows that 0 < w(y) < y when-
ever y > 0.7 This implies that markdowns (or profits) are always positive. Furthermore, w(y)
is (strictly) increasing in y. The strict monotonicity of the wage function delivers the following
two results:

Theorem 2 The symmetric oligopsony equilibrium is efficient.

A worker with efficiency levels y, and y; at firms k and j works for k if and only if w(y;) >
w(y;), which only happens if y, > y; since w(y) is strictly increasing. Because firms are
identical, their offers exhibit the same wage markdown at a given y. Therefore, a worker can
receive a better offer elsewhere only if they are more efficient at that firm. This result does not

extend to equilibria with asymmetric firms as we illustrate in the next subsection.

>See the proof for Theorem 1 and other results in Appendix A.

®We mean this heuristically. Since the distribution of max; Y; is continuous, the density to distribution ratio
may generally exceed one.

"Because F/(x|y) > 0 for all x < y, non-zero weights are given to efficiency levels that are strictly below y.
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Lemma 1 The joint distribution of wage offers w(y,) is described by the copula C"” = C, and the

common marginal distribution F*(x) = F(w™(x)).

Lemma 1 states that the joint distribution of wage offers inherits the dependency structure
of the productivity distribution, but with different marginal distributions. The result follows
from the stability of copulas under (strict) monotonic transformations (Nelsen, 2006).® Be-
cause workers take their highest wage offer, the equilibrium distribution of wages is defined
by the distribution of max{w(y,), -, w(y,)}, which is given by the diagonal section of the C

copula that describes the wage offer distribution:

Theorem 3 The equilibrium distribution of wages in a symmetric oligopsony equilibrium is:
P(w' < w)=C(F*(w),---,F"(w)). (5)

2.3.1 Markdowns in an Oligopsony Equilibrium

Oligopsony wage policies tie markdowns closely to comparative advantage. For any worker
with productivity y, the markdown is:
1= g (1- 2w <y ) = BolRGe/), ©®
y y
where the last equality follows from E[Y;] = E[Y;] in a symmetric market. Equation (6) makes
the role of comparative advantage in wage setting explicit. For workers of efficiency y, the
markdown is a weighted average of their comparative advantages at their firm, with larger
markdowns if comparative advantage is stronger. Recall that F weights each x < y accord-
ing to the density of marginally employed workers conditional on employment: &'(x|Y, =
x)/6(x|Y; = x). So, equivalently, the markdown is determined by weighting comparative ad-
vantage at firm k versus all competitors. If the joint distribution of productivity at k and best
productivity elsewhere is dense along its diagonal (where equal), then markdowns are small.
This could reflect either productivities that are highly correlated across firms, with little room
for comparative advantage, or many competitors, raising a worker’s outside option.
How markdowns vary by worker productivity will generally reflect the marginal distribu-
tion of efficiencies, as well as the dependence structure of workers’ efficiencies across employ-
ers. The following proposition gives the necessary and sufficient condition for markdowns to

increase with productivity.

8Because the stability of copulas to monotonic transformations does not require the transformations to be
identical for all y;, this result extends to asymmetric equilibria with strictly increasing wage-offer strategies.



Theorem 4 Let G(y) = foy F(x|y)dx. Then for any y >0, 1—w(y)/y is increasing in y if and
only if the elasticity of G(y) with respect to y exceeds 1.

At this level of generality, markdowns can be increasing, decreasing, or non-monotonic in
productivity, depending on the joint distribution of efficiencies across employers. We illustrate
this next via specific examples chosen to highlight the roles of competition and correlation in

wage setting.

2.3.2 Examples

We begin with a market where a worker’s efficiency levels are independent across employ-
ers and continue with three cases of co-dependence. Worker efficiencies correlate differently

between employers in these cases, leading to diverse implications for markdowns.

Example 1 (Independent Copula) IfY; is independent across employers, then the optimal wage

offer policy is w(y) = foy xdF!(x|y) with

k-1
Pan =[]
(¥)

Consider the simplest case first: a duopsony where Y; and Y, are independent. Then,
F(x|y) = F(x)/F(y), which implies w(y) = E[x|x < y]. The equilibrium wage offer for
employees with productivity y reflects their average efficiency at the competing firm condi-
tional on that efficiency being inferior to y. Equivalently, the markdown reflects the average
comparative advantage of workers with efficiency level y: 1—w(y)/y =E[1—x/y|x < y].

More generally, when K > 2, F!(x|y) is the conditional probability that the highest produc-
tivity across K —1 competitors is inferior to y. Because the equilibrium wage is the conditional
expectation of the second-best productivity level, it monotonically rises with K, matching pro-
ductivity in the limit, reflecting that second-best productivity stochastically increases with the
number of competitors.’

Next, consider a duopsony where efficiencies at the two firms are co-dependent. The lit-
erature typically treats dependence via the correlation coefficient while assuming joint log-

normality of efficiencies.

Example 2 (Gaussian Copula) Let K = 2 and C = C%(p) be the Gaussian copula with correla-
tion p € [—1,1] and normal marginals F,(Inx) = <I>(1nxT_“)for k € {1,2}. The wage offer policy

in a symmetric duopsony equilibrium is w°(y, p) = _f Oy xdF%(x|y; p) with

Formally, F(x|y) declines with K for all x < y with F/(y|y) = 1, creating a first-order stochastic ranking
with respect to K. In the extreme, limg_, o, F/(x|y) = 0 for all x < y, implying w(y) = y.

10
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1+p o

(I,( F_PM)

1+p o

Fxly;p)=

Example 2 captures the distinct roles of co-dependence in wage setting. In the definition
here for F(x|y;p), p appears twice inside the bracketed term and once in the exponent. By
raising the exponent, a higher p lowers F(x|y;p) for all x < y, raising wage offers at all
productivity levels. This mechanism is similar to the role of K above. Intuitively, competition
gets stiffer either when the number of competitors increase or when workers are similarly pro-
ductive at all firms. Wages equal productivity in either limit, as K — oo or as p — 1. But
this need not happen for all workers because the bracketed term, which captures the depen-
dence between productivity and the outside option, is not monotonic in p. To see this, note
that if p = 0, then all workers have the same expected productivity at the competing firm.
A positive p better aligns the competing offer with productivity, which is good news for high-
productivity workers, but bad news for low-productivity workers. As a result, wage markdowns
may increase or decrease with the correlation depending on the worker’s productivity, y, even
though the wage does converge to productivity as p — 1.

The Gaussian copula imposes a specific structure on the distribution of comparative advan-
tage across efficiency levels, in particular, that the degree of correlation is common at all levels.

We next consider Archimedean copulas, which allow for richer co-dependence:

Definition 5 Let ¢ : [0,1] — [0, 00 ] be a continuous, strictly decreasing function with y)(1) =0
and suppose that the (pseudo) inverse of 1) is a convex function. Then copula C(u,v) is Archimedean

if Y(Clw,v)) =) +p(v)."°

Archimedean copulas are symmetric and associative. The function 4 is called the generator

function. Before we show some examples, let us state the equilibrium wage offer policy.

Proposition 1 (Archimedean Copulas) Let C* = ™' (3;;4(y;)) be an Archimedean copula.
The optimal wage offer policy is w(y) = foy xdF(x|y) with

W (CAE(0), o F(x)) ]— |

F(x|y)= |:¢/(CA(F(J/)’ F(y))

Two Archimedean copulas are of particular interest: the Clayton copula, which features

weaker dependency at higher productivity levels, and the Gumbel copula, which features the

19The pseudo-inverse of 4 is a function 1p[=(x) : [0, 00) — [0, 1] that equals 1p~*(x) if 0 < t < )(0) and 0 if
t >1)(0). Note that because v’ < 0 with a convex pseudo-inverse, v is also convex.

11



reverse pattern. The Clayton copula sets 1(u) = (u= — 1)/, where 8 > —1 measures the
strength of dependence. Higher 6 values imply more positive dependence, with 6 < 0 implying
negative dependence, 8 > 0 positive dependence, and 6§ = 0 independence.!! The Gumbel
copula uses the generator function vy(u) = —(In(u))* for a > 1. Unlike Gaussian or Clayton
copulas, the Gumbel copula is limited to positive dependencies with a = 1 representing the
independent copula.

The corresponding wage policies in an oligopsony equilibrium are as follows:

Example 3 (Clayton Copula) Let CA°(0) = (3, (u.® — 1))_1/6 where 0 € (—1,00) and u; =
F(y) for all k € {1, ...,K}. Then the optimal wage offer policy is w¢(y,0) = foy xdF(x|y;0)
with

K—1 (1+6)
K

° _[cAC(F(x),...,F(x))]'%(““
CA(F(y), .. F(¥))

FPx)—1+ 1/K]_

F(x|y;0)= [F—e(y)—l +1/K

Example 4 (Gumbel Copula) Let C*°(a) = exp (— (Zk(—(ln(uk))“))l/a) where a € [1,00)
andu, = F(y)forallk € {1,...,K}. Then the optimal wage offer policy is w"°(y, a) = foy xdF(x|y;a)
with

k-1
Flxly;a) = {(M) (logF(y))a_l] -
F(y) log F(x)

Figure 1 compares the dependence structure in the Gumbel and Clayton copulas with the
standard Gaussian copula in a bivariate setting. Each panel shows the joint distribution of
F(y,) and F(y,). The dependency parameter of each copula is calibrated to the same degree
of dependency as measured by Kendall’s T = 0.75.12 Recall that the Gaussian copula (panel b)
features a constant correlation across efficiency levels. Under the Clayton copula (panel a) the
correlation between efficiencies is strongest at low levels and weakens with productivity. The
reverse is true in panel (c) for the Gumbel copula.

The corresponding wage offer policies in a symmetric duopsony equilibrium are shown in
Figure 2a. While always increasing in productivity, wages are quite different across the cases,
reflecting how they differ in the dependence structure between efficiencies at the two firms.
Relative to the Gaussian copula, wages track productivity more closely if the dependence of
efficiencies across firms strengthens with productivity (Gumbel) than if it weakens (Clayton).

Panel b shows how the strength of comparative advantage, R(y;) = 1 —E[y;/y;ly; < y;1,
varies by productivity. In turn, this directly dictates how wage markdowns respond along the

1 The independent copula (v(u) = Inu) is obtained in the limit as 8 — 0.
2The corresponding values are p = sin(tp/2) = 0.92 for the Gaussian copula, 8 = 27/(1 — 1) = 6 for the
Clayton copula, and a = 1/(1 — 1) = 4 for the Gumbel copula.
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Figure 1: Dependence Structures with Copulas

(a) Clayton Copula (b) Gaussian Copula (c) Gumbel Copula

Notes: The figure shows the joint distribution of F;(y) for three different bivariate copulas with a Kendall’s T of
0.75.

efficiency distribution. Markdowns (panel c) increase with productivity under the Gaussian
copula, especially at lower levels. The Clayton copula displays a steeper markup trajectory
with productivity, reflecting the weakening in cross-firm correlation in efficiencies. Interest-
ingly, markdowns follow a hump-shaped pattern with the Gumbel copula. That reflects the
strong correlation of efficiencies at high levels, which makes the market highly competitive
for productive workers. Which scenario best describes an economy is essentially an empirical
question.

Figure 3 shows how correlation alters the markdown distribution. Generally, a higher cor-
relation of productivity across firms brings pay closer to productivity. But that can affect high-
versus low-productivity workers differently. With higher correlation, productive workers at one
firm are also productive at competing firms, raising their outside options. Similarly, higher cor-
relation lowers the outside options of less productive workers. As a result, firms mark down
the wages of high-productivity workers less, while marking down those of low-productivity
workers more. This is visible for the Gaussian and Gumbel copulas among the least productive
workers when correlation is low, e.g., independent.’® By contrast, with the Clayton copula
(panel b), higher correlation raises wages uniformly, reducing markdowns at all dependency

levels:
Remark 1 For all y > 0, w*“(y; ) is increasing in 0 and 1 —w"“(y)/y is decreasing in 6.

Because correlation is always relatively stronger among low-productivity workers, higher cor-

13But those economies imply much larger wage markdowns than typically estimated. An independent copula,
for instance, implies an average markdown of about a half, which is two to four times most estimates. At empiri-
cally relevant dependency levels, markdowns decline for both copulas as correlation increases. Raising Kendall’s
7 from 0.5 to 0.75 in Figure 2, markdowns decline uniformly in all panels.
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Figure 2: Wage Policies in Duopsony Equilibria

(a) Wage Offer Policy (b) Comparative Advantage (¢) Markdowns
10 2 1 1
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Notes: The figure shows comparative advantage, wage policies, and wage markdowns in duopsony equilibria.
Each copula is calibrated to a Kendall’s 7 of 0.5; marginal productivity distributions are log-normal with E[In y;] =
0 and V[Iny;] =1 fori € {1,2}. Comparative advantage is measured by R(y;) = 1—E[y;/y;ly; < y;1/y;.

relation via 6 mainly affects productive workers on the margin.
Figure 4 shows how more competitors affect the offer markdowns at each y assuming a
Clayton or Gumbel copula. For these copulas, as well as for independence, a higher K uniformly

increases wage offers at all productivities:

Remark 2 Let w(y) € {w!(y),w°(y),w*“(y)}. For all y > 0, w(y) is increasing in K and
1—w(y)/y is decreasing in K.

More competitors increase the odds that a worker is highly productive elsewhere, reducing
expected match-specific rents and, thereby, the markdown at each y.'

Overall, the simulations show that markdowns within a firm may increase or decrease with
wages depending on the underlying distribution of efficiencies across firms. We should expect
pay to better align with productivity in economies with more competitors or where worker
productivity is highly correlated across firms.

2.4 Asymmetric Equilibria

We make two additional assumptions to study asymmetric equilibria. First, we assume that
worker productivity is bounded: Y; < y < oo for all k. Second, because asymmetric equilibria

“The equilibrium markdown is the markdown of each worker’s chosen firm, where they are most productive.
If markdowns are increasing in productivity at each firm, adding more competitors may raise markdowns, by
raising a worker’s highest productivity, max;{y;}, possibly offsetting the decrease in markdowns at each y. By
contrast, given K, an increase in correlation will reduce the expected highest productivity. So, if markdowns are
increasing in y, this reinforces the downward shifts in Figure 3 in reducing the expected equilibrium markdown.
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Figure 3: Markdowns in Symmetric Equilibria

(a) Gaussian Copula (b) Clayton Copula (c) Gumbel Copula

Notes: The figure shows wage markdowns in duopsony equilibria by levels of co-dependence. In each panel,
copula parameters respectively correspond to a Kendall’s 7 of O (independence), 0.5, and 0.75. The marginal
productivity distribution is log-normal with E[Iny;] =0 and V[lny;] =1 for i € {1, 2}.

Figure 4: Markdowns in Symmetric Equilibria

(a) Clayton Copula (b) Gumbel Copula
1 1
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Notes: The figure shows wage markdowns in oligopsony equilibria by the number of competitors for the Clayton
copula (left) and for the Gumbel copula (right) with T = 0.5. Solid lines in each panel replicate the corresponding

markdowns in Figure 2. The marginal productivity distribution is log-normal with E[Iny;] =0 and V[Iny;] =1
fori € {1,K}.
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with K firms are inherently complex, we simplify the problem by setting K = 2.!° Generality is
not entirely lost by these assumptions because y can be arbitrarily large. Furthermore, because
the effect of the number of competitors on wage setting is similar to that of co-dependence, the
degree of competition can also be captured by raising the correlation of workers’ efficiencies
between the two firms.

The following proposition characterizes the equilibrium with asymmetric firms.

Proposition 2 (Asymmetric Duopsony Equilibrium) Let K = 2 and C(u,v) denote the joint
distribution of worker efficiencies at the two firms with marginal productivity distributions u =
F,(y)and v = F,(y). The asymmetric duopsony equilibrium is characterized by wage offer policies
{wi(¥)}req,2y and an employment allocation {n(y)}ie 2y Such that:

1. Inverse wage offer policies solve the following system of differential equations:

(1 (W) =w)C,, (w, VIF; (y,(W))dy, — C,(w,v)dw = 0
(r2(w) =w)C,(w, VIF{(nW))dy; — Cu(w, v)dw = 0

where y,(w) =w, ' (¥).

2. Employment levels are:

n(y) = C(F (), Fz()’z(Wl(J’))))F{(J’) (7)
n,(y) = C(F(y1(wy(¥))), Fz(.)’))Fé(J’) . (8)

We consider two cases of asymmetry. In the first, we allow one firm to be generally more
productive than the other. We view this as a firm-specific component of productivity and for-
malize it with a stochastic dominance relationship between the marginal productivity distribu-
tions. In this scenario, the more productive firm generally offers higher wages. In response,
the less productive firm marks down wages less aggressively to remain competitive.

For the theoretical results in this section, we limit the joint productivity distribution to the
class of Archimedean copulas, which we denote by 6*. Let us now introduce the stochastic
dominance concept we use:

Definition 6 (Affiliated Probability Difference Order) Let F, and Fy be distribution functions
defined over the interval [0, y™*] and C(F,,Fy) € 6" and an Archimedean copula with the

5For this reason, much of the auction-theory literature assumes symmetry. Reny and Zamir (2004) and Jackson
and Swinkels (2005) analyze first-price auctions with asymmetric bidders, focusing on the existence of equilib-
rium.
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generator function v. We say F, > ,pp, F5 if and only if Vx < y € [0, y™*] :

Y(Fa(x)) =Y (Fp(x)) > P (Fa(y)) = (Fp(y))

Affiliated probability difference (APD) order requires that v(F,(x)) — ¢ (Fz(x)) be decreasing
in x, which is a stronger requirement than first-order stochastic dominance that postulates
F,(x) > Fg(x) for all x € (0, y™**). When F, and F are independent, APD order is equivalent
to the standard monotone probability ratio order, which requires F,(z)/Fz(2) to be increasing

in z, as we prove in the Appendix.

Theorem 5 Suppose C(u,v) € ¢* and F, >,pp F,. Then, (i) for all w > 0: F,(y;(w)) >
Fy(y,(w)), and (ii) for all y > 0: wy(y) > wy(y).

Part (i) of Theorem 5 says that if the productivity distribution at Firm 2 stochastically dom-
inates Firm 1’s in the APD sense, a larger fraction of the workforce is offered a wage below w
at Firm 1 than at Firm 2. Equivalently, to merit the same wage offer w, a worker has to rank
higher in Firm 1’s productivity distribution than they would in Firm 2’s. Consequently, because
Firm 2 generally pays better, in a stochastic sense, it employs a larger share of the workforce.

Part (ii) says that Firm 1 offers a higher wage for a given y, implying smaller markdowns
at Firm 1 at any y. This generates an inefficient employment allocation where some workers
that are more productive at Firm 2 work for Firm 1, because their wages are marked down by
more at Firm 2. Consequently, although Firm 2 employs a larger share of the labor force, it is
not as large as it would be in a competitive equilibrium (or if markdowns were symmetric).

Figure 5a illustrates a typical equilibrium in this scenario. In the chart, InY; and InY, are
normally distributed with common standard deviations, o0; = o,, but different means: u, >
w;. The joint distribution reflects a Clayton copula with positive dependence: 6 > 0. The axes
show the productivity quantiles at each firm. The solid curve is the locus of worker indifference
in an asymmetric equilibrium when Firm 2 is more productive. Workers with efficiency bundles
above the curve are offered, and accept, higher wages at Firm 2. The indifference locus lying
below the 45-degree line implies Firm 2 is larger.'

The red line shows the locus of equal productivity: y, = y, = y. Given F,(y) > F,(y), this
line is strictly below the 45-degree line where F,(y;) = F,(y,). It is also below the locus of
equal pay because pay-to-productivity is higher at Firm 1: w/y;(w) > w/y,(w).!” Therefore,
the red shaded area represents workers who are more productive at Firm 2, but work at Firm
1—those offered a higher wage at Firm 1 due only to its lower markdown than Firm 2’s.

The second asymmetric case we consider is when the firms’ marginal productivity distribu-
tions cross once:

16By definition, the distributions of u = F;(y;) and v = F,(y,) are uniform and symmetric around the 45-degree
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Figure 5: Employment Allocations in Asymmetric Equilibria

(@) u; < Uy and o, =0, () gy =uy and o4 < 0y
45° 45
w1 =Wy Y. w1 =Wy
® wyp > W?.&)’I <y ‘."- / ® wip > Wz&yl <y
& w<w&y 2y
= =
= =
e e
o !
1 0 1
Fi(y) Fi(y)

Notes: The figure shows the allocation of workers in duopsony equilibria. Workers below the black curve choose
Firm 1. The dashed 45-degree line indicates the allocation in symmetric equilibrium. Areas colored in red and
blue show inefficiencies in asymmetric equilibria, where the firm-worker allocation deviates from comparative
advantage. Productivity levels are log-normal at the firm level with parameters u;, o; with i € {1,2} and joint
distribution given by a Clayton copula with positive dependence: 7 = 0.5.

Figure 6: Wage Offer Policies in Asymmetric Equilibria
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Notes: The figure shows wage offers in duopsony equilibria. Productivity levels are log-normal at each firm with
parameters u;, 0;, i € {1,2}; joint distribution reflects a Clayton Copula with positive dependence: 7 = 0.5.
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Assumption 1 3 7€ (0,y™™): y>y = Fy(y)<F,(y)and y <y = F,(y) < F,(y).

This scenario would arise, for instance, if one firm values labor quality more than the other.
The following theorem characterizes sorting of workers between firms in that case, proving a

single-crossing result in the interior of the (u,v) space if any crossing exists.!®

Theorem 6 If C(u,v) € 6€” and Assumption 1 holds, then there is a unique w* > 0 such that
F1(y;(w)) = F,(y,(w)) if and only if w > w* in equilibrium.

Theorem 6 states a single-crossing result for the firms’ (inverse) wage offer policies at wage
w*. For higher-productivity workers, who merit a higher wage rate, Firm 2 generally offers
better pay, while for lower-productivity workers, Firm 1 offers better pay in a stochastic sense.
As a result, Firm 2 hires a larger share of higher-productivity workers, while Firm 1 specializes
in lower-productivity workers. This is qualitatively consistent with Roy (1951), who shows, in
a competitive equilibrium, that employment follows comparative advantage with skill-elastic
firms employing skilled workers more intensively.

To characterize the pattern of markdowns in this environment, we supplement the single-

crossing assumption with a local dominance assumption:
Assumption2 3 y>y:y>y = Fy>ppp Fiand y <y = F; >,pp Fs.

Assumption 2 is a stronger version of Assumption 1, and requires Firm 2 to be dominant in
productivity in the APD sense among highly productive workers and Firm 1 to be similarly
dominant among lower-productivity workers. It then follows that the markdowns are larger

in each firm’s area of comparative advantage as the next theorem shows.

Theorem 7 If C(u,v) € 6* and Assumptions 1 and 2 are true, then 3y* = y,(w) = y,(w) €
(¥,¥) for some w, such that w,(y) > w,(y) ifand only if y < y*.

Theorem 7 shows the existence of a threshold productivity y*, above which Firm 1 pays
better than Firm 2 at any productivity y > y*, while the reverse is true for y < y*. Because
Firm 2 has a comparative advantage among high-productivity workers, Firm 1 offers better
pay to remain competitive for highly productive workers. By contrast, Firm 1 has a compara-
tive advantage among lower-productivity workers, which pushes Firm 2 to offer better wages

relative to productivity.

line, which therefore represents an equal division of employment in Figure 5.
7Because y,(w) > y;(w), for all w > 0, in equilibrium, we have F,(y,(w))/F;(y;(w)) > F5(y;(W))/F;(y;(w)),
where the left term traces the equal-pay locus and the right term traces the equal-productivity locus.
18Single-crossing may not exist when ¥ is sufficiently large, e.g., if InY, is more dispersed and it has a larger
mean. Without a crossing, the equilibrium sorting is similar to that characterized by Theorem 5.
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Better pay for a given y means lower markdowns. Therefore, Theorem 7 also implies
that Firm 2 marks down wages more aggressively for higher-productivity workers and less
aggressively for lower-productivity workers. The reverse is true for Firm 1. This leads to
incomplete specialization, where some highly-productive workers work for Firm 1 even though
they are more productive at Firm 2, and vice versa for some low-productivity workers. As a
result, the employment allocation in the monopsonistic equilibrium is inefficient.

An example is shown in Figure 5b, where InY; is normal with y; = u, but o, > 0. The
joint distribution is described by a Clayton copula as in 5a. The black curve shows the locus
of points with equal wage offers, F,(y,;(w)) = F,(y,(w)), and the red and blue colored curve
shows the locus of points with equal productivity: F;(y) = F,(y).

When there is a crossing, firms attract different segments of the workforce. Firm 2 employs
a larger share of the more productive workers: the separation curve in Figure 5 lies below the
45-degree line when y is high. Among highly paid workers, where the black equal-pay curve
lies above the red equal-productivity curve, y,(w) > y,(w). Consequently, both wage offers
conditional on productivity and markdowns conditional on the wage rate are larger at Firm 2.
Equilibrium in this segment of the market is much like that in Panel a. The situation is reversed
at low-productivity levels. Firm 1 employs a larger share of the workforce, offers better pay
conditional on productivity, but marks wages down by more at any wage level.

Firm 1 has a comparative advantage among low-productivity (low-wage) workers and Firm
2 has a comparative advantage among high-productivity (high-wage) workers. Yet, because the
firm at a disadvantage competes more aggressively by paying closer to productivity, neither firm
fully exploits its comparative advantage. This results in an inefficient employment allocation
as depicted by shaded zones in Figure 5. Workers in the blue zone are more productive at Firm
2, but are employed by Firm 1. The reverse is true for workers in the red zone. The overall
employment shares of the two firms depend on the densities of comparative advantage zones,
and are, therefore, generally ambiguous.

Figures 6 and 7 show firms’ wage offers and the corresponding markdowns by productivity
for our two asymmetric cases. In each figure firm productivities are marginally distributed
InY; ~ N(u;,0;) for j € {1,2}, with the joint distribution described by a Clayton copula. The
left panels show case 1: o0, = 0, and y, > u4, i.e., firm 1’s productivity distribution stochasti-
cally dominates. The right panels assume o, > o, and u, = u;. This can be interpreted either
as skills specific to Firm 2 are more dispersed, or, equivalently, skills are more valuable at Firm
2.

In the first case Firm 2 offers a higher wage conditional on productivity (Figure 6a)) con-
sistent with Theorem 5. Markdowns (Figure 7a) increase with productivity in both firms, but

Firm 1, having a productivity disadvantage, competes by marking wages down relatively less.
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Figure 7: Markdowns and Comparative Advantage in Asymmetric Equilibria
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Notes: The figure shows the distribution of markdowns (solid) and comparative advantage (dashed) in duop-
sony equilibria. Productivity levels are log-normal at each firm with parameters u;, o; with i € {1,2}; the joint
distribution reflects a Clayton copula with positive dependence: 7 = 0.5.

Figure 7a) also displays workers’ expected comparative advantage at their firm. The higher
markups at Firm 2 directly reflect its stronger comparative advantage with its workers.

In the second case, o, > 0, and u, = u,, Firm 1 has a comparative advantage among low-
productivity workers and Firm 2 among high-productivity workers. Consistent with Theorem 6,
Firm 2 has a steeper pay-productivity profile (Figure 6b), with Firm 1’s wage offer beating that
of Firm 2 for low-productivity workers and vice versa for high-productivity workers. In turn,
markdowns (7b) track comparative advantage: Firm 1 has stronger comparative advantage
with its low-productivity workers than does Firm 2, so it marks down their wages more, while
the reverse is true for high-productivity workers.

Interestingly, wage markdowns display different patterns within the firms. Whereas mark-
downs monotonically increase with productivity at Firm 2, they display a U-shaped pattern
at Firm 1. Recall that a Clayton copula always generates increasing markdown-productivity
profiles in symmetric equlibria. The declining profile among low-productivity workers at Firm
1 (Figure 7b) stems from the asymmetry between the two firms. With o, < o,, workers have
greater productivity differences at Firm 2, Firm 1’s competitor. From the perspective of Firm
1, marginally better-skilled workers command disproportionately better pay at Firm 2 (in ex-
pectation), forcing Firm 1 to offer a larger share of rents to stay competitive for those workers.

We can summarize the asymmetric cases above. i) If an employer is generally more pro-
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ductive, then it pays higher wages, is therefore larger, and at the same time marks down wages
more at any productivity level. ii) If efficiency units for an employer are especially responsive
to skill, then it disproportionately attracts high-productivity workers—so pays a higher average
wage—while exhibiting a steeper profile of markdowns with respect to productivity. But this
higher-wage employer is not necessarily larger in terms of employment.

In the empirical work these predictions naturally lead us to stratify employers by both
their median wage and their size. Employers could be high-wage because they are generally
more productive or because they are skill-elastic. If they are generally more productive, then
they should mark down wages more for all workers, even their lower-wage ones. But if they
are more skill-elastic, then they should display higher markdowns only for their high-wage
workers. Larger employers should exhibit bigger markdowns across their wage distribution,

assuming that differences in employer size are driven by general productivity differences.

2.5 Informal Sector and the Legal Minimum Wage

We now consider two prevalent features of the Brazilian labor market: a legal minimum wage
and an informal sector. A minimum wage implies that firms do not hire workers whose produc-
tivity is below the minimum wage. Workers with productivity levels that equal the minimum
wage are offered the minimum wage. Wages for more-productive workers are still marked
down, albeit less than in the absence of a minimum wage because the legal minimum wage
raises wage offers all along the productivity distribution in our model. The following theorem

gives the equilibrium wage policy with a minimum wage in symmetric equilibrium:

Theorem 8 Consider a symmetric market with K firms and a legal minimum wage w. For all

y = w, the wage offer policy in an oligopsony equilibrium is given by:

w(y) =w'(y)+[w—wW)](y),

where w*(y) denotes the wage offer in the absence of a minimum wage defined in Theorem 1 and

C(y) <1 is a strictly decreasing function with {(w) = 1.

With a minimum wage, all workers receive a wage bump because the minimum wage shifts
the initial condition for the differential equation that describes the equilibrium wage policy in
an oligopsony equilibrium. The additional pay, {(y)[w —w(w)] > 0, is a fraction {(y) of the
firms’ profits in the absence of a legal minimum wage associated with a worker whose pro-
ductivity equals w. Minimum wage regulation redistributes that portion from firm to worker,
regardless of the worker’s productivity, so long as it exceeds w. Thus it reduces wage mark-

downs for all workers. This result is consistent with a number of studies that estimate a positive
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impact of minimum wage legislation on wages well above the legal minimum, e.g., Lee (1999)
and Engbom and Moser (2022). Because {’(y) < 0, the absolute wage bump is more significant
for lower-wage workers, and even more so as a percentage of their wage.

A legal minimum wage necessarily lowers employment because workers with below-minimum-
wage productivity at all firms, max, {y,} < w, are not employed, while all are employed in the
absence of a minimum wage. Formally, total employment is 1 — C(F(w), ..., F(w)), which is
decreasing in w since both F and C are strictly increasing in their arguments. Furthermore,
the minimum wage causes no reallocation of workers between firms in symmetric equilibrium,
implying firms have equal employment shares although each has fewer employees.

Next, we add an informal economy. Specifically, we assume workers have the option of
working outside the formal sector with pay w,, which is distributed i.i.d. according to distri-
bution F,(w,). We interpret this option as the informal sector in Brazil. More generally, F,(w,)
represents the distribution of the reservation wage for participating in the (formal) labor mar-
ket. In this economy, firms have to beat not only their competitors’ offers but also the informal

sector’s offer to attract a worker. The labor supply to a firm is now given as:

n(w; y) =P(w;(y;) <w,Vj # k| =y) - P(wo <w)- fi(y), 9

where f,(y) = F/(y) is the density of workers with ¥, = y and P(w, < w) = F;(w). Because
F,(w) < 1, an informal sector option necessarily reduces total employment in the formal sector.

Because the informal sector intensifies competition for workers, it also raises wages in the
formal sector for all workers and, thereby, reduces wage markdowns. An explicit analytical
expression for the wage offer policy in oligopsony equilibrium is not feasible in this case. The

following theorem characterizes the wage offer policy as a solution to a differential equation.
Theorem 9 Consider a symmetric market with K formal firms, an informal sector and a legal
minimum wage w. The wage offer policy in an oligopsony equilibrium solves the following differ-

ential equation:

dw_Zj#kckj(F(y),-'-,F(y))F’(y)[ 1 F{(W)]_l’ 0

dy  GEOL FO) y—w) Fy(w)
with the initial condition w(w) = w.

Relative to our benchmark economy, the addition of an informal sector introduces the last
term in brackets in equation (10). F;(w)/F;(w) > 0 for all w; so dw/d y, the wage productivity
slope, is steeper for any (w, y) pair. Given the common initial condition w(w) = w, a steeper
profile implies that wage offers are greater at all productivity levels y > w, and, hence, mark-

downs are lower. The magnitude of wage reactions to competition from the informal sector
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varies with productivity in a manner dictated by the distribution of informal wages. Empiri-
cally, informal-sector pay is on average lower than formal-sector pay; so the wage gains from
informal competition will skew toward low-wage workers. In that sense, introducing an infor-
mal sector reinforces our prediction that wage markdowns are largest among high-productivity
workers.

These effects are common to all firms in symmetric equilibria. In asymmetric equilibria,
competition from an informal sector would be disproportionate across firms, affecting more

severely firms that have a comparative advantage among low-wage workers.

3 Data

Our model predicts that monopsony power is most severe for workers in matches that exhibit
strong comparative advantage, whom we anticipate to be disproportionately high-wage work-
ers. To test these predictions, in Section 4 we estimate the elasticity of the labor supply facing
employers in the Brazilian formal labor marker. But first we discuss our data, how we strat-
ify workers by relative wages at an employer, and how we measure employment and wage

changes.

3.1 RAIS Data

Brazil’s Annual Social Information Report, RAIS for short, collects establishment-level data on
each employee’s compensation as well as other characteristics. The RAIS provides the basis
for government statistics on Brazil’s formal labor market. It is also the basis for government
monitoring of employment laws and required payments for benefits.?

The RAIS data have important advantages for our purposes. For one, we clearly need micro
data at the employer-worker level, as in the RAIS, to establish how both employment and wages
change at different segments of an employer’s wage distribution. The RAIS panel structure
allows us to calculate wage changes for continuing workers at the employer, controlling for
compositional changes. The RAIS has several advantages relative to many matched-data for
other countries. In addition to annual information, the RAIS provides earnings and hours data
specifically for the month of December, allowing us to calculate not just worker earnings, but
also a wage rate. The RAIS also provides information on worker characteristics, including age,
education, and occupation. Information on employer characteristics is relatively limited; RAIS
provides the establishment-level location and industry, but no production information beyond

labor (e.g., revenue, capital, inventory, etc.). While the RAIS has comprehensive coverage of

19See http://www.rais.gov.br/sitio/index.jsf. Benefits include social security benefits, severance pay, and the
legislative one-twelfth annual pay bonus.
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Brazil’s formal labor market, its primary shortcoming is its omission of Brazil’s large informal

labor market. We return to this issue in Section 5. Our data cleaning follows Dahis (2024).

3.2 Sample Construction

Our estimates are based on years 2006-2018 of the RAIS.?° While employers are required to
report information on all workers employed during the year, they specifically report how many
workers were employed at the end of the year and workers’ earnings for the month of December.
These variables underlie our measures of employment and wage growth to estimate supply
elasticities. Therefore, we begin with a sample of RAIS workers who are still employed at year’s
end with reported earnings for December. Combining years 2006-2018 yields 553,266,004
worker-year observations.

Table 1 presents restrictions imposed in constructing our sample. Panel A lists those that
apply to all statistics (e.g., worker’s wage rank, employer’s employment, market share, etc.),
while Panel B gives those imposed only for estimating wage responses to an employer’s em-
ployment growth. We restrict our sample to workers aged 18 to 64 whose December pay is
at least 95 percent of the legal minimum. We exclude military and government workers, as
their wages presumably do not reflect profit maximization. We exclude certain occupations:
workers on apprentice contracts, upper management (directors/managers), and science or art
professionals. We view management and professional positions as sufficiently idiosyncratic
that wage setting could well reflect individual bargaining. The excluded sectors and occupa-
tions are 29.1 percent of observations. Below we will define a worker’s labor market largely
by their metropolitan area. Therefore, we restrict our sample to establishments in one of 74
metropolitan areas. Excluding rural areas drops 28.3 percent of observations. The union of
the above restrictions excludes 50.9 percent of the worker-year observations.

Panel B reports the further sample restrictions for our main regressions. Our wage measure
is monthly pay for December, reflecting overtime, bonuses, commissions, and tips, but not the
bonus “thirteenth-month” pay required in Brazil. To ensure that pay corresponds to a wage, we
restrict our regression sample to those paid monthly, were employed the entirety of December,
and worked 40 to 44 hours per week. Respectively, 90.8 percent, 96.2 percent, and 91.2 percent
of observations meet these constraints.?! December wages are deflated by the December IPCA

20 An establishments’ 7-digit industry, required for one of our instruments, is first reported in 2006 with the 2"
edition of Brazil’s National Classification of Economic Activities (CNAE 2.0). We exploit years of the RAIS back
to 1985 to benchmark the age of establishments, required as another instrument.

21We only observe a worker’s union status in the RAIS data for 2017. For our regression sample, which excludes
heavily unionized government jobs, the unionization rate for 2017 is only 12%. Non-union workers in Brazil can
legally appeal to apply union negotiated terms for their position. But these terms primarily dictate working
conditions, e.g. paid/unpaid leave, rather than wage levels or employment. See Lagos (2024).
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Table 1: Sample Selection Criteria

Panel A: Cross-Section Restrictions Panel B: Regression Restrictions
Restrictions percent meeting each’ Restrictions percent meeting each®
6 Paid monthly 90.8
18 < age <64 98.2
& At establishment all of December 96.2
Paid > 0.95 times legal minimum 97.5
. 40 < weekly hours < 44 91.2
Not military, government, apprentice, .
. £ & > PP 0.9 Employer > 10 workers with stayers
director/manager, or science/art prof. ) 61.7
above & below median
In one of 74 metropolitan areas 71.7 . .
Stayer with consecutive wages 52.6
Meeting all Panel A restrictions 49.1 Meeting all Panel B restrictions 29.3
Resulting Sample Size
Worker-year 79,614,942 Employer-year 3,415,115

Notes: T expressed in terms of sample of workers employed at year’s end with a December wage. * expressed in
terms of sample of workers who met all restrictions in Panel A.

price index.??

We examine year-over-year changes in employment and wages at each employer. For in-
stance, for year t we compare an employer’s employment at the end of year ¢ to its December
31" employment of year t — 1. For wage responses, we compare a worker’s wage for December
of year t to the same worker’s wage in December of t —1. We focus on wage changes for stayers
at an employer to avoid any impact on the wage change from compositional effects.

We stratify workers at an employer into quartiles based on their relative wages.?*> To make
meaningful distinctions across an employer’s wage distribution, we restrict the sample to em-
ployers (establishments by occupation) that average at least 10 employers between the year-
ends of t and t+ 1 and who have at least one stayer at both above and below the median wage.
This cuts 38.3 percent of observations from our sample. The requirement of having a wage at
the same employer for consecutive Decembers, necessary only for our wage-change regression,
excludes 47.4 percent of observations. The union of the regression-sample restrictions in Panel

B excludes 70.7 percent of workers. The final sample for wage-change regressions is comprised

22The IPCA is constructed by the Brazilian Institute of Geography and Statistics (IBGE) to track prices for goods
and services with weights reflecting household expenditure shares.

BStayers’ relative wages equal the average of their real wages in December of t and t — 1. For those departing
during t, we average their December of t — 1 real wage with an imputed wage for December t, based on the
employers’ average wage change for stayers. Similarly, for those arriving in t, we average their wage in December
of t and an imputed wage for December of t—1. We then weight exiters and entrants by 0.5 and group the workers
into quartiles constructed consistently with STATA’s xtile formula. Because of ties, the quartiles are not equal-sized;
the first to fourth quartiles account respectively for 23 percent, 24 percent, 26 percent, and 27 percent of workers.
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Table 2: Rates of Hiring from Same Metro, Occupation, Industry

Same metro area Same occupation Same industry

Percent of hires 81.1 75.5 19.5

Notes: Sample is restricted to job matches that satisfy (i) all restrictions in Table 1, except for the last restriction
in Panel B, “stayer with consecutive wages” is replaced by “new hires,” (ii) the worker’s last job within the past
year is observed and satisfies Panel A restrictions in Table 1. Sample size is 22,063,887.

of 79,614,942 worker-year-level observations at 3,415,115 employer-years.

We judge an employer’s employment growth relative to its labor market by including a
full set of year-market fixed effects. We define a labor market along two dimensions: (i)
the worker’s metropolitan area, and (ii) the worker’s broad occupation. We distinguish three
occupations defined in the RAIS as technicians/repairman, service workers, and production
workers. We define an employer by each of the three occupations at an establishment. Thus
our estimates ask: when an establishment expands employment of an occupation, say, service
workers, how much does it affect the wage they pay to service workers?

Our definition of a market as a metropolitan area/occupation appears roughly consistent
with transitions in the RAIS data. The first column of Table 2 reports that 81.1 percent of hires
in our sample reflect workers previously employed in the same metro area.>* From the second
column, 75.5 percent are hired from within the same occupation. By contrast, we see from
column 3 that only 19.5 percent are hired from the same 7-digit industry. We highlight the low
inter-industry hiring rate because one instrument we consider for an employer’s growth is the
growth rate for its industry nationally relative to that for other employers in its market.

4 Estimated Supply Elasticities and Implied Markdowns

4.1 Empirical Specifications and Estimating Strategy

Identifying the employer-level supply elasticities requires measuring the relative responses of
employment and wages to a shift in an employer’s labor demand, holding its supply curve fixed.
Consider a set of workers whose productivity is y at employer j, but then shifts to y' =z - y.
The shifter z could reflect a productivity change or a shift in demand for the employer’s output.

The elasticity of supply for workers of productivity y at employer j is:

dIn nj(W§ y)/d anj(}’)
dlnw;(y)/dInz;(y) '

24The statistics for hires in Table 2 reflect the formal-sector contract that ended most recently to the start date
at the new employer, while ending in the same or prior year as that start date.

n;(w;y) = (11)
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Note that, while the elasticity n;(w; y) is specific to y, the labor demand shifter, z;(y), can
be specific to y-workers or more employer-wide, i.e., z;(y) = z; for all y. The key is that
the shift in labor demand for workers of productivity y should be orthogonal to any shifts in
outside opportunities for those workers. With that in mind, in estimating n;(w; y) we consider
a variety of instruments for an employer’s employment growth.

Specifically, we estimate wage and employment responses at each quartile of an employer’s
wage distribution to year-over-year growth in its total employment. For worker i at employer

j in year t, let q be the worker’s wage quartile. We consider the specifications:

Alnwage;, = B, Alnempj, +x; U+ Apg, + &, (12)

Alnemp;,, =y, Alnemp;, +Kq +& (13)

jqt -
The first equation is estimated at the worker-year level, just for stayers at their employer, reflect-
ing the 79,614, 942 worker-year observations. The operator A denotes the backward-looking
one-year difference: Alnwage;, denotes stayer i’s rate of wage growth from December t —1 to
December t, while Alnemp;, denotes employer j’s rate of employment growth between year
ends t — 1 and t. The row vector x;, controls for quadratics in the worker’s years of schooling
and age. The subscript m denotes the market (metropolitan area and occupation), with a,,,
market-by-quartile-by-year fixed effects in stayers’ wage changes. ¢;, is residual wage growth
for stayer i. The coefficients of interest are the 3;’s; differences in 3,’s across quartiles capture
how wages respond for an employer’s higher- versus lower-wage workers.

The second equation is estimated at the employer-quartile-year level. The sample reflects
3,415,115 employer-year observations. For each employer-year, Alnemp;,, denotes the year-
end rate of employment change from year t — 1 to t for wage quartile g within the employer.
Kmq: 18 @ market-by-quartile-by-year fixed effect for rate of employment growth; £, is residual
employment growth. We weight each observation by the average of the employer’s number of
employees at year ends t —1 and t. The coefficients of interest are the y’s; their cross-quartile
differences capture, when employment grows for an employer, whether that growth occurs
more at the top or bottom of the employer’s wage distribution.

The estimates from equations (12) and (13) jointly yield estimates of quartile-specific labor-
supply elasticities, 1), =¥,/ Eq, with implied quartile-specific markdowns, 1/(1+%),). Of course,
OLS parameter estimates are biased unless employment changes are unrelated to potential
shifts in the employer’s labor supply—in particular, the wage response and implied markdown
are biased downward if employment is partly responding to supply shocks.

To address this we consider three sets of instruments. We first exploit that younger and
smaller establishments predictably grow faster. Specifically, the instrumental variables are
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quadratics in the employer’s age and its log employment in t —2.%°> The identifying assumption
is that faster growth for these employers reflects productivity gains or product development
that expands labor demand, not systematic shifts in their labor supply functions. To highlight
this possible challenge to identification, we note that Kim (2024) predicts an employer’s la-
bor supply will grow over its life-cycle because, by learning, workers resolve their uncertainty
about its productivity. In this scenario, our instrument would yield an upward-biased estimate
of employer labor supply elasticity, implying a downward-biased markdown.

As an alternative strategy we treat national employment growth for an industry as an instru-
ment for employment growth for employers in that industry, holding fixed employment in each
employer’s labor market. This strategy exploits that each labor market—defined by metropoli-
tan area and occupation—contains workers from many industries. Specifically, the instrument
is the annual growth rate in an employer’s 7-digit industry across all labor markets.?®

The identifying assumptions behind this instrument are two-fold. First, it assumes that
an industry’s nationwide employment growth reflects shifts to its labor demand. Second, the
instrument assumes an employer’s labor supply is dictated by its location and the occupation
of its workers, not its 7-digit industry. For robustness with respect to the first assumption, in
Appendix B.1 we replace industry employment growth as an instrument with an interaction
of the Brazilian business cycle with an industry’s employment cyclicality. This weakens the
assumption to require only that demand factors (e.g., producing durable goods) dictate why
some industries are more cyclical than others. For robustness to the second assumption we
also exclude those industries for which more than 10 percent of hires, on average, come from
the same industry. In both cases, the estimation results are quite similar to the benchmark
reported in the text below; but standard errors are somewhat larger.

Lastly, we combine and interact both sets of instruments. While each set exploits the labor
demand changes rooted in an employers’ life-cycle or industry, the interaction term allows,
for instance, the demand-driven employment volatility to change over an employer’s life-cycle
(see recent evidence in Crouzet and Mehrotra, 2020; Clymo and Rozsypal, 2023). The iden-
tifying assumption, once again, requires these three sources of employment variation to be

uncorrelated with changes in labor supply.

ZThe panel data reveal establishment births back to 1985. Given our regression sample begins in 2006, for all
years we can construct exact age only up to 21 years. For this reason, our exact instruments are a dummy variable
indicating age 21 or below plus its interaction with a quadratic in establishment age.

26Industries reflect Brazil’s National Classification of Economic Activities (CNAE 2.0). Our sample has 1,393
industries. Across our 222 markets (3 occupations times 74 metropolitan areas) the average number of industries
is 847; the bottom 1 percentile has 211 industries, and the top 1 percentile has 1,054 industries.
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Table 3: OLS Estimates: Wage and Employment Responses by Wage Quartile

quartile (q) wage response (Eq) emp response (7,) elasticity (7),) markdown (%)

all 0.027 (0.001) 1.00(C — ) 37.4 (1.3) 2.6 (0.1)
1% 0.013 (0.001) 1.22 (0.01) 93.2 (5.3) 1.1 (0.1)
2nd 0.023 (0.001) 0.92 (0.00) 40.5 (1.5) 2.4 (0.1)
3t 0.030 (0.001) 0.81 (0.01) 27.3 (1.1) 3.5(0.1)
4th 0.036 (0.001) 0.76 (0.01) 20.8 (0.8) 4.6 (0.2)

Notes: Wage responses reflect 79,614,942 worker-year observations; employment responses reflect 3,415,115
employer-year observations, with observations weighted by employer’s employment. Standard errors (in paren-
theses) for wage and employment responses are clustered at employer-by-year level. Those for labor supply
elasticity and markdown are derived by the Delta Method. Not every employer is represented in all four quartiles.

4.2 Within Employers: Less Elastic Labor Supply for Higher-Wage Workers

We present wage and employment responses, 3,’s and y,’s, to an employer’s employment
growth, together with the implied labor supply elasticity and markdown. Standard errors are
clustered at the employer-by-year level. Table 3 presents the OLS results. The first row reports
the supply elasticity without distinguishing wage quartiles.?” Stayers’ wage growth exhibits an
elasticity of 0.027 to its employer’s employment growth. The associated standard error is only
0.001—so the wage response is clearly statistically different from zero. Nevertheless, it implies
an extremely high labor supply elasticity, ), of 37.4 with standard error 1.3. That maps to a
markdown of only 2.6 percent, which is quite low compared to estimates in the literature.

The rest of Table 3 presents the OLS results for (12) and (13), i.e., how both wages and em-
ployment at each wage quartile respond to its overall employment growth.?® Wage responses
monotonically increase moving up an employer’s wage quartiles—the top quartile’s response
is nearly three times that at the bottom. By sharp contrast, the employment responses system-
atically decline moving up the wage distribution. This indicates a less elastic labor supply for
higher-wage workers. The supply elasticity declines from 93.2 to 20.8 from the bottom to the
top quartile, with the implied markdown going from 1.1 percent to 4.6 percent.

The markdown implied by the OLS estimates is likely biased downward unless employ-
ment changes are unrelated to potential shifts in supply. To address this, Table 4 reports esti-
mates under each set of instruments for employment growth described in Section 4.1. Each set
passes the weak-instrument test.>’ The first panel instruments with the employer’s life-cycle

via quadratics in its log size and age; being both smaller and younger increases expected em-

27When not distinguishing across quartiles, the fixed effect Qg in equation (12) simplifies to market by year,
a,,;- This also applies to first-row regressions of each panel in Tables 4 and Al.

28 Average wages across the quartiles, expressed relative to the lowest quartile, are 1, 1.30, 1.63, and 2.54.

2We report the Kleibergen and Paap (2006) Wald rk F-statistic because standard errors are clustered.
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ployment growth, with a first-stage F-statistic of 2471.9. The second panel instruments with
industry employment growth; its first-stage F-statistic equals 39.8. The third panel, which
combines and interacts the previous two instrument sets, yields a first-stage F-statistic of 4742.

We begin again, in the first row of each panel, with the employer-level supply elasticity
without distinguishing by quartile. As expected, IV wage responses are much higher than OLS.
Across the first two sets of instruments, stayers’ wages respond with respective elasticities of
0.19 and 0.12, corresponding to markdowns of 15.7 percent and 10.9 percent. Combining the
instruments (Panel 3) yields estimates that are intermediate: an elasticity of wage response of
0.15 (s.e. 0.02) with implied markdown of 12.7 percent (s.e. 1.9 percent). As discussed in
the literature review, this markup estimate is comparable to estimates for the US labor market
and elsewhere.

The remaining rows in each panel of Table 4 present the IV estimates by workers’ wage
quartiles. Instrumenting yields the same relative pattern as OLS, but with much larger wage re-
sponses and implied markdowns. Furthermore, these patterns are consistent across the choice
of instruments. In particular, all three panels show wage responses that increase monotoni-
cally across wage quartiles, with a top-quartile response on the order of five times that at the
bottom, while showing employment responses that monotonically decline, with a top-quartile
response that is less than half that of the bottom’s. As a result, regardless of instrument set, the
estimates imply a supply elasticity that is at least an order of magnitude larger for the bottom
quartile as the top. The upshot is that we estimate that monopsony power is far greater at
the top of employers’ wage distributions. Focusing on combined instruments in Panel 3, the
estimated markdown for top quartiles is 28.1 percent (s.e. 2.9 percent), whereas for bottom
quartiles it is extremely low at 2.3 percent (s.e. 1.0 percent).

Section 2.5 showed how a minimum wage affects wage markdowns in our model. We note
here that our empirical results are not driven by workers earning near the minimum wage. In
Appendix B.1 we exclude workers with wages less than 120 percent of the legal minimum. We
continue to see a sharp decline in the labor supply elasticity moving up the wage distribution.

Viewed from the model, our results imply an employer’s high-wage workers have greater
match comparative advantage. But this is consistent with skills being partially portable across
employers—the model captures this with positive dependence of productivities. One arguably
portable skill is formal schooling. We partially control for schooling heterogeneity because
we stratify markets by occupation. In Appendix B.1, we go further, ranking workers within
employers by quartiles of their wage residuals, i.e., wages after removing a common estimate
for schooling dummies. We find that the within-employer dispersion in wages controlling for
schooling is nearly as large as that for wages. Furthermore, labor supply elasticities show a

similar pattern of decline across the distribution of wage residuals similar to that for wages.

31



Table 4: IV Estimates: Wage and Employment Responses by Wage Quartile

IV1: employer’s life-cycle (quadratics in log size and log age)

quartile (q) wage response (ﬁq) emp response (Y,) elasticity (7),) markdown (%)

all 0.19 (0.02) 1.00(C — ) 5.4 (0.6) 15.7 (1.5)
1% 0.05 (0.02) 1.41 (0.03) 29.1 (13.6) 3.3 (1.5)
2nd 0.16 (0.02) 0.91 (0.02) 5.6 (0.6) 15.2 (1.5)
3 0.23 (0.02) 0.64 (0.03) 2.8 (0.3) 26.6 (2.2)
4th 0.31 (0.03) 0.52 (0.02) 1.7 (0.2) 36.8 (2.4)

IV2: industry’s employment growth

quartile (q) wage response (/fi\q) emp response (Y,) elasticity (7))

markdown (%)

all 0.12 (0.02) 1.00( — ) 8.2 (1.6) 10.9 (1.9)
1% 0.04 (0.03) 1.46 (0.12) 41.0 (30.0) 2.4 (1.7)
2nd 0.10 (0.03) 0.96 (0.07) 9.8 (2.9) 9.2 (2.5)
3t 0.14 (0.02) 0.77 (0.01) 5.4 (0.9) 15.5 (2.2)
4th 0.18 (0.03) 0.65 (0.06) 3.5(0.7) 22.0 (3.4)

IV3: employer’s life-cycle x industry’s employment growth

quartile (q) wage response (ﬁq) emp response (Y,) elasticity (7),) markdown (%)

all 0.15 (0.02) 1.00(C — ) 6.9 (0.8) 12.7 (1.9)
1% 0.03 (0.01) 1.38 (0.10) 42.2 (18.5) 2.3 (1.0)
2nd 0.13 (0.02) 0.96 (0.05) 7.5 (1.1) 11.7 (1.5)
3t 0.18 (0.02) 0.71 (0.02) 3.9 (0.6) 20.5 (1.9)
4th 0.23 (0.03) 0.59 (0.03) 2.6 (0.4) 28.1 (2.9)

Notes: IV1 instruments include quadratics for log establishment size and age, where establishment size is mea-
sured by 2-period lagged employment; in addition, we interact log age quadratics with an indicator for age below
21 because the birth year of establishment is truncated at 1985 by construction. The IV2 instrument is the es-
tablishment’s 7-digit CNAE industry employment growth. IV3 instruments are those for IV1 and IV2 and their
interactions. The pooled regressions (labeled as “all”) control for market-by-year fixed effects; others control for
market-by-year-by-quartile fixed effects. Standard errors, in parentheses, are clustered at the employer-by-year

level. Standard errors in Columns 3 and 4 are calculated by the Delta Method.
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Table 5: Wage Gains (in percentages) for Mass Hires by Wage Quartile

quartile (q)

mass hires of 15t gnd  grd gth

at least 50 percent 56 174 248 37.5
at least 80 percent 43 169 24.8 39.8

Notes: Samples are restricted to job matches that satisfy (i) all restrictions in Table 1, except for the last restriction
in Panel B, “stayer with consecutive wages” is replaced by “new hires,” (ii) the worker’s last job within the past
year is observed and satisfies the Panel A restrictions in Table 1, (iii) the employer experiences a mass hire in the
year, and (iv) the last job’s separation is initiated by the worker. The resulting sample size is 1,841,134 for at
least 50 percent mass hires and 313,284 for at least 80 percent mass hires. We control for market-by-year fixed
effects.

From our framework, our results imply that workers’ comparative and absolute advantages
align at their employers, with the higher-wage workers exhibiting higher match rents and larger
monopsony markdowns on those rents. While we cannot directly measure comparative advan-
tage, because workers’ productivities at their current and next-best jobs are unobservable, we
can still substantiate comparative advantage differences across workers by comparing wage
gains of new employees who switched jobs during mass hire events. Mass hires emulate the
scenario where a worker’s new job option emerges from a new establishment, which leads to
arguably exogenous wage gains from switching. To capture workers who still had the option
to keep their former jobs, we further restrict attention to workers who initiated the separation
according to the former employer.

Table 5 reports the log-wage gains associated with mass hires by workers’ wage quartile at
their new employer. The first row defines mass hires by employers who hired at least half of
their year-end staff within that year; the second row raises the new-hire threshold share to 80
percent, but yields similar results. The first row shows significant wage gains for all hires, but
especially large gains for workers higher in the wage distribution at the new employer, e.g.,
37.5 percent for workers in the top quartile compared to 5.6 percent in the bottom. These
suggest greater match rents from comparative advantage for high-wage workers. In Section
5.1 we find that expected wage differences between a worker’s best and second-best options
closely approximate markdowns in the calibrated model. Alternatively, we regress a new hire’s
prior wage on their current wage at the mass-hiring employer (in logs, controlling for employer-
by-year fixed effects), which yields a coefficient of 0.54. Thus, high-wage hires show larger
opportunity costs, but the elasticity is well below one, implying disproportionately larger gains

from the transition.
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4.3 Across Employers: Less Elastic Labor Supply for Higher-Wage Employers

We next explore how labor supply elasticities vary across employers in light of Section 2.4’s pre-
dictions under asymmetric duopsony: i) bigger markdowns at higher-wage/larger employers;
ii) steeper profiles of markdowns with respect to productivity for higher-wage employers.

We first group employers according to wages. To be specific, we first rank employers in
each market by median wage, then label high-wage employers as the minimal upper part of
that distribution required to account for 50 percent of workers in each market. High-wage
employers are 46 percent of all employers in our sample. The average median wage among
our high-wage employers is 92 percent higher than that among the low-wage employers.

We then divide employers into large versus small based on their relative size in their mar-
ket. To be comparable with the common definition in the literature (see, e.g., Berger et al.,
2022), we define large employers as the top 5 percent in each market in number of workers.
These employers account for about 44 percent of workers in our sample, with small employers
accounting for 56 percent.

Denote the employer group as g € {high-wage, low-wage} when grouping by wage, and g €
{large, small} when grouping by size. We modify the regression specifications (12) and (13) to
allow for differing wage and employment responses across employer groups (3, now f3,, and v,
now y,,) and fixed effects that span g as well as m, ¢, and t. Because the three instrument sets
delivered similar findings in the previous subsection, here we only report estimates using the
last set of instruments, i.e., the combination and interaction of life-cycle and industry growth
instruments. Standard errors are, again, clustered at the employer-by-year level.

Figure 8 depicts the results: Panel (a) groups employers by relative wage, while Panel (b)
does so by relative size. In each panel the top figure plots the estimated stayers’ wage responses,
B\gq, by within-employer wage quartile g; the middle panel plots the estimates for employment
responses, Y, by q; the bottom panel plots the implied markdown, 1/(1 +7,,/ qu). For each
Panel (a) figure, the red and blue lines depict respective estimates for high-wage and low-wage
employers; for Panel (b), the red and blue lines depict respective estimates for large and small
employers. The shaded areas represent the estimates’ 95 percent confidence intervals.

We highlight three findings. First, the within-employer pattern of markdowns by wage quar-
tile, documented above, holds for each employer group: Wages respond more to labor demand
for higher-wage workers, while high-wage employment is less responsive, indicating they have
less elastic labor supply and, hence, face larger markdowns.

The second finding, Panel (a), is that wages of high-wage employers respond more to de-
mand, indicating they face less elastic supply and impose bigger markdowns. Viewed from
our cases of asymmetric duopsony in Section 2, this appears more consistent with high-wage

firms having a general productivity advantage (Figure 7a) rather than being specific to high-
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Figure 8: Markdown Heterogeneity across Employers

(a) By employers’ relative wage in market

stayer's wage response (Bgq)

.31

.21

14
— low-wage

0. — high-wage

1 2 3 !
wage quartile within employer
employment response (Ygq)
2] — low_wage

— high-wage

1 2 3 4
wage quartile within employer
markdown (%)
— low-wage
304 — high-wage
20+
10+
07 T T T T
1 2 3 4

wage quartile within employer

(b) By employers’ relative size in market

stayer's wage response ()

— small
— large

1 2 3 4
wage quartile within employer

employment response (V)

— small
— large
1.5
1,
'57 T T T T
1 2 3 4

wage quartile within employer

markdown (%)

— small
— large

30

1 2 3 4
wage quartile within employer
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shaded areas represent the estimates’ 95 percent confidence intervals.



productivity workers (Figure 7b).

Third, from Panel (b), implied markdowns do not differ economically or statistically be-
tween large and small employers.?° Through the lens of our model, large firms, if generally
more productive, should exhibit a smaller supply elasticity—which we do not see. Further-
more, employer size and wage should be tightly related. But the elasticity of median employer
wage with respect to its employment is only 0.05 in Brazil’s formal sector (correlation of 0.09).
As a result, our large employers have only 11 percent higher average wages than small em-
ployers.®! One interpretation of these findings is that size differences across employers in the
Brazilian labor market may be driven by sources of employer heterogeneity other than produc-
tivity.

5 Implications for Minimum Wage Policies

We now return to the model to see what discipline our estimates impose in describing monop-
sony power in the Brazilian labor market. We first calibrate our model under symmetric duop-
sony allowing for an informal sector and a minimum wage. We then use our calibrated model
to gauge the extent to which one should expect minimum wages to counter monopsony power
in Brazil.

5.1 Model Calibration

We consider a symmetric duopsony with log-normal marginal productivity distributions. We
entertain three model versions corresponding to joint productivities that reflect a Gaussian,
Clayton, or Gumbel copula. For comparison, we first consider the simpler case of no informal
market and no minimum wage. Normalizing mean log-productivity to zero, only two param-
eters remain: the standard deviation (o) of the marginal distribution and the dependence
parameter (p, 8, or a) corresponding to each copula. We calibrate these to match the average
within-employer standard deviation of wages in our RAIS sample of 0.31 (weighting employ-
ers by their employments) and an average markdown of 16.1 percent, reflecting the average
of markdown estimates for the four quartiles in Table 4 using the third set of instruments.

We then extend the model for a legal minimum wage, w, and a competitive informal la-

bor market (see Section 2.5.) We assume the informal wage, w,, is distributed log-normally

301n Figure A1 of Appendix B we stratify employers instead by the level of employment concentration, measured
by the Herfindahl-Hirschman Index, in their market. We see no difference in supply elasticities in more- versus
less-concentrated markets.

31The estimated elasticity controls for market-by-year fixed effects. We also note that employment is not so
concentrated in Brazil—the average market employment share of the employers we classify as large is only 0.3
percent.
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Table 6: Targeted Moments for Calibration with Minimum Wage and Informal Sector

Targeted Moments Data Source Data

Within-formal-firm std dev of log wage Authors’ calculation 0.31

Formal sector average markdown (%)  Authors’ estimation 16.1
Minimum-to-formal wage ratio Authors’ calculation 0.33
Formal sector employment share (%) Engbom et al. (2022) 66
Informal-to-formal wage ratio Meghir et al. (2015) 0.69

Notes: The within-employer std. dev. of log wage and the minimum-to-formal wage ratio are calculated by the
authors from our RAIS sample that satisfies Table 1 restrictions except for being stayers (i.e., the last restriction in
Panel B). The formal sector average markdown reflects IV3 estimates in Table 4. Under our baseline calibration
(Clayton copula with informal sector and minimum wage), the within-formal-firm std of log productivity is 0.41.

with mean u, and standard deviation o, independent of formal-sector productivities. Three
additional parameters are required: u,, 0y, and the minimum wage w. To do so, we target
an informal sector that is 34 percent of total employment with an average wage that is 0.69
that in the formal sector. We base the first moment on Engbom et al.’s (2022) comparison
of informal and formal employments from survey data for Brazil’s six largest cities. We base
the latter on Meghir et al.’s (2015) comparison of wages for formal and informal workers for
Brazil’s Sao Paulo and Salvordor regions.>? We target a minimum wage that is 33 percent of the
average formal-sector wage, a figure we calculate by comparing a time series for the Brazilian
minimum wage to wages in our RAIS sample. Table 6 summarizes the calibration targets.

The calibrated parameters for each model version are given in Appendix Table A5. All
versions are able to match the corresponding calibrated moments quite precisely.>® All require
high dependence to hit an average wage markdown of 16.1 percent. In particular, allowing for
an informal sector and a mininum wage, the calibrated correlation coefficient for the Gaussian
copula is 0.90. Kendall’s tau for the calibrated Gaussian, Clayton, and Gumbel copulas is
respectively 0.71, 0.67, and 0.68.

32Meghir et al. (2015) report wages separately by region and gender. Weighting the informal-to-formal differ-
ential for each group by its relative size yields the informal ratio of 0.69. The ratio of average informal to average
formal wage for the six cities in Engbom and Moser (2022) is lower; we calculate it at 0.55 from the earnings and
hours they report for each sector. But this does not control for differences between formal and informal workers’
markets, genders, et cetera. Meghir et al. (2015) control for schooling partially by including those with less than
9 years of schooling. Engbom and Moser (2022) report a formal wage premium of 26.3 percent controlling for
region, worker characteristics, and some job characteristics (industry, tenure), implying an informal-to-formal
wage ratio of 0.77. Our results are quite similar if we calibrate to a 0.77 ratio.

33For the extended model, we first compute formal firms’ equilibrium wage function for a given set of parameters
using a forward shooting algorithm (with MATLAB’s ode15s solver) to solve the differential equation specified in
Theorem 9 of Section 2.5. We then simulate workers’ draws from the productivity and informal wage distributions,
calculate wages and job choices for each worker, and use the simulated moments as a numerical approximation
to the model moments. For models with no informal sector we can analytically compute the equilibrium wage
function using the formulas in Examples 2, 3, and 4 of Section 2.
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Table 7: Implied Markdowns

No informal or w With informal and w
quartile (q) Data Gaussian Clayton Gumbel Gaussian Clayton Gumbel
1% 2.3 13.4 7.9 15.2 10.4 6.9 10.4
2nd 11.7 15.1 12.0 16.6 14.6 11.4 16.2
3rd 20.5 16.5 16.7 16.9 17.7 16.6 19.2
4th 28.1 18.9 26.3 15.7 20.9 27.4 17.9

Notes: For all six models parameters are calibrated to match the first two moments in Table 6; while parameters
for models with an informal sector and minimum wage are calibrated to match all moments in the table.

While we only target an average markdown of 16.1 percent, Table 7 reports the pattern
for markdowns by wage quartile across the calibrated models. With no minimum wage or
informal sector, Columns 3-5, the results are well anticipated by model Figure 2. For the
Gaussian copula, markdowns increase moving up the wage distribution, but the model fails
to match the sharpness at which the estimated markdowns increase across the wage quartiles,
shown in Column 1. It performs much better under a Clayton copula, which allows for higher
correlation at low productivities. In particular, the model captures nearly three-quarters of
the large differential in markdowns between the 4" and 1°* quartiles. The model under a
Gumbel copula is directly at odds with the estimates—with markdowns quite flat across the
wage quartiles.

Markdown patterns for the extended model are presented in columns 6-8 of Table 7. Across
all copulas, the bottom wage quartile now displays lower markdowns, consistent with the
model predictions that an informal sector and a minimum wage primarily reduce markdowns
for low-wage workers. This effect is most striking under the Gumbel copula—now markdowns
rise with wages, though not monotonically. But the calibrated model under a Clayton copula
still clearly matches the estimated markdowns across wage quartiles most closely. Therefore,
we focus on the extended model under a Clayton copula going forward.

Before considering minimum wage policy, we highlight two other results from the cali-
brated model. One is that the larger markdowns for high-wage workers imply that monopsony
power reduces wage inequality in the formal sector. In the extended model under Clayton, the
standard deviation of log-productivity in the formal sector is 0.41 versus 0.31 for log-wages.
Therefore, compared to competition with wages equal to productivities, monopsony power
reduces (within-firm) wage dispersion in the formal sector by 24 percent.

Second, wage differences between workers’ first and second-best formal-sector matches are
closely related to markdowns in the calibrated models. For the extended model under Clayton,

that difference averages 6, 8, 12, and 19 percent, respectively, for workers in firms’ 15 to 4
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Figure 9: Wage Function: Baseline vs. Double Minimum Wage
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Notes: The baseline model is calibrated to match moments reported in Table A5. The counterfactual doubles the
minimum wage, w, holding other parameters constant.

wage quartiles compared to a markdown profile of 7, 11, 17, and 27 percent. (Results for all
calibrated models are given in Appendix Table A6.) At the end of Section 4.2 we showed that
workers’ wage gains from mass hires rose even more sharply by empirical wage quartile. Thus
we view that finding as complementary support that comparative advantage and monopsony

power are both stronger for employers’ high-wage workers.

5.2 The Effect of Minimum Wage Policies

To illustrate the effect of the minimum wage on the labor market, we consider doubling that
minimum in our calibrated economy with an informal sector under a Clayton copula. Figure
9 compares formal-sector wages by productivity under minimum wages of w and 2w. Workers
whose productivities are eclipsed by the minimum wage are forced to the informal sector. The
dotted line in Figure 9 shows the counterfactual wage a formal-sector worker would receive if
forced to be informal at each productivity y > w. For workers with w < max(y,, y,) < 2w, the
minimum wage increase makes this counterfactual wage become factual. The average wage
loss for those displaced is given by the distance between the solid and dotted blue lines. The
average productivity loss for displaced workers is even larger, reflecting the distance between
the 45° line and the dotted line. Conditional on displacement, wage and productivity losses
grow with the minimum wage level.

At the same time, a higher minimum wage raises pay for all formal-sector workers not dis-
placed, especially for productivity levels near the new minimum. That increase is shown by
the distance between the solid red and blue lines in Figure 9. Workers with informal wages

between the two lines are drawn into the formal sector by the decline in formal-sector mark-
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Figure 10: Model Implications: Rising Minimum Wage
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Notes: The baseline model is calibrated to match moments reported in Table A5. The counterfactuals vary the
minimum wage, w, from 0 to 200 percent of its benchmark value, holding other parameters constant.

downs. They also exhibit productivity gains transiting to formal that exceed their wage gains.

More generally, Figure 10 presents model outcomes varying the minimum wage from zero
to twice its calibrated value. The top left panel shows that the formal share of employment is
remarkably stable as long as the minimum wage is below 150 percent of its calibrated value.
In that range, the minimum wage is below most workers’ informal sector offers and therefore
has little bearing on workers’ sectoral choices. The competing allocative effects of a minimum
wage, which displace low-productivity workers but reinstate productive ones by lowering mark-
downs, largely offset each other. At higher minimums, the displacement effect dominates.

The upper right panel shows how the average formal-sector markdown responds to the
minimum wage. Here again there are two offsetting effects. A higher minimum reduces mark-
downs for all workers not displaced; but, since displaced workers are subject to lower mark-
downs, average markdown rises among stayers. The two effects nearly offset each other until
the minimum wage rises 25 percent above its calibrated value. Beyond that, the displacement
effect dominates, with the average markdown modestly rising.

Finally, the bottom panels show how average wages and productivity vary with the mini-
mum wage if we aggregate workers across the formal and informal sectors. Both are stable for
minimum wages up to 150 percent of its calibrated value. But doubling the minimum wage,
thereby dropping the formal employment share by about 8 percentage points, reduces average

wages by about half a percent and average productivity by about 1 percent.
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6 Concluding Remarks

By reframing monopsony power as arising from workers’ comparative advantage in their jobs
at a specific employer, we offer a new perspective on how employers may influence wages.
That shift in perspective leads to a key insight—employers perceive comparative advantage as
workers’ rents that they can tax via wage markdowns. If higher-wage workers are the ones
generating larger rents for the firm, they will face steeper markdowns. We find strong em-
pirical support from Brazil supporting this prediction: within firms, the labor supply is less
elastic for higher-wage workers, leading to larger implied markdowns. In fact, we estimate
that monopsony has little impact on wages among lower-wage workers. This challenges the
notion, sometimes emphasized in the literature, that monopsony effects are predominantly a
concern for low-wage workers.

The empirical literature on monopsony power is mushrooming. It will be helpful in reading
that literature to have a well-informed prior on where to expect monopsony power. We believe
a focus on comparative advantage can help inform such a prior. If one cannot envision an
employment match that exhibits comparative advantage, then one should not anticipate that

the firm will wield much monopsony power.

References

Athey, Susan (2001). Single crossing properties and the existence of pure strategy equilibria in
games of incomplete information. Econometrica, 69(4), pp. 861-889. do0i:10.1111/1468-
0262.00223.

Azkarate-Askasua, Miren and Miguel Zerecero (2023). Union and Firm Labor Market Power.

Discussion Paper 475, University of Mannheim.

Berger, David, Kyle Herkenhoff, and Simon Mongey (2022). Labor Market Power. American
Economic Review, 112(4), pp. 1147-1193. do0i:10.1257/aer.20191521.

Berger, David, Kyle Herkenhoff, and Simon Mongey (2025). Minimum Wages, Efficiency, and
Welfare. Econometrica, 93(1), pp. 265-301. doi:https://doi.org/10.3982/ECTA21466.

Burdett, Kenneth and Dale T. Mortensen (1998). Wage Differentials, Employer Size, and Un-
employment. International Economic Review, 39(2), pp. 257-273. d0i:10.2307/2527292.

Carbonnier, Clément, Clément Malgouyres, Loriane Py, and Camille Urvoy (2022). Who bene-
fits from tax incentives? The heterogeneous wage incidence of a tax credit. Journal of Public
Economics, 206, p. 211-236. do0i:10.1016/j.jpubeco.2021.104577.

41


https://doi.org/10.1111/1468-0262.00223
https://doi.org/10.1111/1468-0262.00223
https://doi.org/10.1257/aer.20191521
https://doi.org/https://doi.org/10.3982/ECTA21466
https://doi.org/10.2307/2527292
https://doi.org/10.1016/j.jpubeco.2021.104577

Card, David, Ana Rute Cardoso, Joerg Heining, and Patrick Kline (2018). Firms and Labor
Market Inequality: Evidence and Some Theory. Journal of Labor Economics, 36(S1), pp.
S13-S70. doi:10.1086/694153.

Chan, Mons, Kory Kroft, Elena Mattana, and Ismael Mourifié (2024). An empirical frame-
work for matching with imperfect competition. Working Paper 32493, National Bureau of
Economic Research. doi:10.3386/w32493.

Cheremukhin, Anton A. and Paulina Restrepo-Echavarria (2025). An Information-Based
Theory of Monopsony Power. Working Paper 2518, Federal Reserve Bank of Dallas.
doi:10.24149/wp2518.

Clymo, Alex and Filip Rozsypal (2023). Firm Cyclicality and Financial Frictions. Discussion
Papers 2207, Centre for Macroeconomics (CFM).

Crouzet, Nicolas and Neil R. Mehrotra (2020). Small and Large Firms over the Business Cycle.
American Economic Review, 110(11), p. 3549-3601. doi:10.1257/aer.20181499.

Dahis, Ricardo (2024). Cleaning the Relacdo Anual de Informacoes Sociais (RAIS) Dataset in
Stata, 1985-2020. https://github.com/rdahis/clean RAIS.

Dube, Arindrajit, Laura Giuliano, and Jonathan Leonard (2019). Fairness and Frictions: The
Impact of Unequal Raises on Quit Behavior. American Economic Review, 109(2), p. 620-63.
doi:10.1257/aer.20160232.

Engbom, Niklas, Gustavo Gonzaga, Christian Moser, and Roberta Olivieri (2022). Earnings
inequality and dynamics in the presence of informality: The case of Brazil. Quantitative
Economics, 13, p. 1405-1446. doi:10.3982/QE1855.

Engbom, Niklas and Christian Moser (2022). Earnings Inequality and the Minimum
Wage: Evidence from Brazil. @ American Economic Review, 112(12), p. 3803-3847.
doi:10.1257/aer.20181506.

Felix, Mayara (2024). Trade, Labor Market Concentration, and Wages. Technical report, Yale

University.

Godoey, Anna and Michael Reich (2021). Are Minimum Wage Effects Greater in Low-Wage
Areas? Industrial Relations, 60(1), pp. 36-83. do0i:10.1111/irel.12267.

Han, Qingyang (2024). Human Capital Transferability and Employer Monopsony Power.
doi:10.2139/ssrn.5185746.

42


https://doi.org/10.1086/694153
https://doi.org/10.3386/w32493
https://doi.org/10.24149/wp2518
https://doi.org/10.1257/aer.20181499
https://github.com/rdahis/clean_RAIS
https://doi.org/10.1257/aer.20160232
https://doi.org/10.3982/QE1855
https://doi.org/10.1257/aer.20181506
https://doi.org/10.1111/irel.12267
https://doi.org/10.2139/ssrn.5185746

Hurst, Erik, Patrick J. Kehoe, Elena Pastorino, and Thomas Winberry (2022). The Distributional
Impact of the Minimum Wage in the Short and Long Run. Working Paper 30294, National
Bureau of Economic Research. doi:10.3386/w30294.

Jackson, Matthew O. and Jeroen M. Swinkels (2005). Existence of Equilibrium in Single and
Double Private Value Auctions. Econometrica, 73(1), pp. 93-139. do0i:10.1111/j.1468-
0262.2005.00566.x.

Jardim, Ekaterina, Mark C. Long, Robert Plotnick, Emma van Inwegen, Jacob Vigdor, and
Hilary Wething (2022). Minimum-Wage Increases and Low-Wage Employment: Evi-
dence from Seattle. American Economic Journal: Economic Policy, 14(2), p. 263-314.
doi:10.1257/pol.20180578.

Jarosch, Gregor, Jan Sebastian Nimczik, and Isaac Sorkin (2024). Granular Search, Mar-
ket Structure, and Wages. The Review of Economic Studies, 91(6), pp. 3569-3607.
doi:10.1093 /restud/rdae004.

Kim, Seula (2024). Workers’ Job Prospects and Young Firm Dynamics. Technical report, Uni-
versity of Maryland.

Kleibergen, Frank and Richard Paap (2006). Generalized Reduced Rank Tests Us-
ing the Singular Value Decomposition. Journal of Econometrics, 133(1), pp. 97-126.
doi:10.1016/j.jeconom.2005.02.011.

Kline, Patrick, Neviana Petkova, Heidi Williams, and Owen Zidar (2019). Who Profits from
Patents? Rent-Sharing at Innovative Firms. Quarterly Journal of Economics, 134(3), p.
1343-1404. doi:10.1093/qje/qjz011.

Lagos, Lorenzo (2024). Union Bargaining Power and the Amenity-Wage Tradeoff. Discussion
Paper 17034, 1ZA.

Lamadon, Thibaut, Magne Mogstad, and Bradley Setzler (2022). Imperfect Competition, Com-
pensating Differentials, and Rent Sharing in the US Labor Market. American Economic Review,
112(1), p. 169-212. doi:10.1257/aer.20190790.

Lebrun, Bernard (1999). First price auctions in the asymmetric N bidder case. International
Economic Review, 40(1), pp. 125-142. doi:10.1111/1468-2354.00008.

Lee, David S. (1999). Wage inequality in the United States during the 1980s: Rising disper-
sion or falling minimum wage? Quarterly Journal of Economics, 114(3), pp. 977-1023.
doi:10.1162/003355399556197.

43


https://doi.org/10.3386/w30294
https://doi.org/10.1111/j.1468-0262.2005.00566.x
https://doi.org/10.1111/j.1468-0262.2005.00566.x
https://doi.org/10.1257/pol.20180578
https://doi.org/10.1093/restud/rdae004
https://doi.org/10.1016/j.jeconom.2005.02.011
https://doi.org/10.1093/qje/qjz011
https://doi.org/10.1257/aer.20190790
https://doi.org/10.1111/1468-2354.00008
https://doi.org/10.1162/003355399556197

Lobel, Felipe (2024). Who Benefits from Payroll Tax Cuts? Market Power, Tax Incidence and
Efficiency. manuscript, Duke University.

Luduvice, André Victor D., Tomdas R. Martinez, and Alexandre B. Sollaci (2024). Minimum
Wage, Business Dynamism, and the Life Cycle of Firms. doi:10.18235/0012849.

Machado Parente, Rafael (2024). Minimum Wages, Inequality, and the Informal Sector. IMF
Working Papers, 2024(159). doi:10.5089/9798400282843.001.

Manning, Alan (2003). Monopsony in Motion: Imperfect Competition in Labor Markets. Prince-
ton University Press, Princeton. doi:10.1515/9781400850679.

Meghir, Costas, Renata Narita, and Jean-Marc Robin (2015). Wages and informal-
ity in developing countries. = American Economic Review, 105(4), pp. 1509-1546.
d0i:10.1257/aer.20121110.

Nelsen, Roger B (2006). An Introduction to Copulas. Springer. doi:10.1007/0-387-28678-0.

Reny, Philip J. and Shmuel Zamir (2004). On the existence of pure strategy mono-
tone equilibria in asymmetric first-price auctions. Econometrica, 72(4), pp. 1105-1125.
doi:10.1111/j.1468-0262.2004.00527 .x.

Robinson, Joan (1933). The Economics of Imperfect Competition. Macmillan, London.

Roy, A. D. (1951). Some Thoughts on the Distribution of Earnings. Oxford Economic Papers,
3(2), pp. 135-146. doi:10.1093/oxfordjournals.oep.a041827.

Seegmiller, Bryan (2023). Valuing Labor Market Power: The Role of Productivity Advantages.

manuscript, Kellogg School of Management, Northwestern University.

Sklar, M. (1959). Fonctions de repartition a N dimensions et leurs marges. Publ inst statist univ
Paris, 8, pp. 229-231.

Staiger, Douglas O., Joanne Spetz, and Ciaran S. Phibbs (2010). Is There Monopsony in the
Labor Market? Evidence from a Natural Experiment. Journal of Labor Economics, 28(2), pp.
211-236. doi:10.1086/652734.

Volpe, Oscar (2024). Job Preferences, Labor Market Power, and Inequality. Working papers,
University of Chicago.

Yeh, Chen, Claudia Macaluso, and Brad Hershbein (2022). Monopsony in the US Labor Market.
American Economic Review, 112(7), p. 2099-2138. doi:10.1257/aer.20200025.

44


https://doi.org/10.18235/0012849
https://doi.org/10.5089/9798400282843.001
https://doi.org/10.1515/9781400850679
https://doi.org/10.1257/aer.20121110
https://doi.org/10.1007/0-387-28678-0
https://doi.org/10.1111/j.1468-0262.2004.00527.x
https://doi.org/10.1093/oxfordjournals.oep.a041827
https://doi.org/10.1086/652734
https://doi.org/10.1257/aer.20200025

Appendix

A Mathematical Appendix

Theorem 1 (Symmetric Equilibrium) Consider a symmetric market with K firms. The sym-
metric oligopsony equilibrium is characterized by the following wage offer policy and employment

allocation.

1. Wage offer policy
Y
w(y) = J xdF(x|y) =Ez(x|x < y),
0
~ _ y Ck]-(F(z) ..... F(z) ., . . . .
where F(x|y) = exp[— fx > ik G F@ T (z)dz] and Cy; is the cross-partial derivative
of the C w.rt. up = Fi(y) and u; = F;(y) for all j # k € {1,...,K}.

2. Forany y={y,,...,yx} € RS, y € m, if and only if k = argmax;{y, ..., ¥}, and employ-
ment at firm k is given by:

nk(ﬂ:k) = C'k [F(y)z :F(}’)]F/(J’) Vk = {1,,K}

Proof. Suppose that the wage strategy is strictly increasing in productivity: w; (yx) > 0. We will verify
that this is the case at the end. Define the inverse wage function a;(w) = w;l(w) for each firm k.

Step 1 - Firm k’s problem: The probability that firm k’s wage offer beats competition for a worker
is equivalent to that worker not being sufficiently efficient to warrant a better wage offer at other firms:
Vi#k, we(yi) >w;(y;) © yj < aj(wi(yx)). Using that fact, the conditional probability in equation 2
can be represented as:

P(w;(y;) <w,Vj# kY =y)=P(y; < a;(w); Vj # k|Y = y)

Using the copula notation to represent the probability above, the labor supply faced by firm k for workers
with efficiency Y, = y is:
ne(w; y) = Ce(wy, -+, Fe(¥), -+, u)FL(y),

where u; = Fj(a;(w)) for all j # k and C() is the partial derivative of C copula with respect to uy. The
slope of the labor supply curve is:

myw;y) = 2 Cig(Fr(ay (W), Fe(y), -+ , Fieag w))Fi(a;w))a{(w)Fe(y),
j#k
where Cy; denotes the cross-partial derivative of C w.r.t. w; and u;. Substituting into the optimality

condition for wages (equation (4)) and canceling F;(y) gives:



(& —W)Z Crj(wr, - Fe(y), -+ u)Fj(aj(w)aj(w) = Celu, -+, Fr(¥), -+ ug), (A1)

j#k
with u; = Fj(a;(w)) for all j # k. Equation (A1) defines a K-dimensional system of first-order, non-linear
differential equations. Note that the solution to each equation gives w(y), or, equivalently, y = a;(w).
Substituting Fi(y) = a,(w), and then imposing symmetry, by setting a;(w) = a(w) and F;(y) = F(y) for
all j, reduces it to a single differential equation, stated in standard notation (which sets a’(w) = da/dw)

below:

(a—w) Y Cy(F(a), -+, F(@))F (a)da — Cr(F(a), - , F(a))dw =0, (A2)
Jj#k
Step 2 - Solving the Differential Equation:

To solve the differential equation above, consider the integrating factor below

oo (e GG, () L\
I(a) exp( LF(X)Ck(F(x),..F(x))dx)_e s

where we introduce y(a) for notational convenience. Multiplying equation (A2) by I(a) gives an exact
ODE of the form ¥,(a,w)da + ¥,,(a, w)dw = 0 with a generic solution ¥(a, w) = d, for any constant of
integration d, € R:

L(a.w)
e (a—w) Y C(F(a), -, F(a)F (@) da—e " OCy(F(a), -+, F(a))dw =0,
Jj#k
¥, (am)

Exactness can be established by verifying ¥,,,(a, w) = ¥, (a, w):

K
Vyola,w) = 7 | y(a)Cu(F(a),.... F(a) — F'(a) ) Ci(F(a), ... F(@)
j=1

= —"OF ()Y Cy(F(),... F(@)) = Yy, (a, W),
j#k

where the second equality sets y'(a) = F’(a)Cxx(F(a), ...,F(a))/Ci(F(a), ..., F(a)) using the definition
of y(a) above.

The solution can be obtained in two steps. First, integrate ¥,,(a, w) along w:
W(a,w)= f @, (a,w)dw = —e " IC (F(a), ..., F(a))w +d(a), (A3)

where d(a) is the constant of integration, which may depend on a. To determine d(a), differentiate



the term above w.r.t. a and equate to ¥,(a, w) from the ODE:

V,(a,w) = —we "VF(a) > Cy() +d' (@) = e (a—w) Y Cy(IF' (@)
j#k Jj#k
implying:
d’(a) = ae 7@ Z ij(.)F/(a)
Jj#k
Integrating d’(a) and substituting back in equation (A3) gives the solution for ¥(a, w):
a
U(a,w) = —we " DC(F(a), ..., F(a)) + J xe T) Z Crj(F(x), ..., FGO))F(x)dx = dy. (A4)
0 j#k

To determine d,), note that it is optimal to offer w(0) = 0 when productivity is nil. Therefore,

dy = ¥(0,0) = 0. Finally, solving for w and setting a = y gives the optimal wage offer policy:

¥y, e "X¥e (F(x), ..., F(x))F’
W(J’):J ke ki (F (x) (x)) (X)de (A5)
0

e YNIC(F(Y), -, F(¥))
Notice that the term in the numerator is the derivative of the term in the denominator, implying:
y
J Ze—ﬂX>ckj(F(x), oy FOO)F (x)dx = e T CL(F(y), ..., F(¥)).
0 j#k
Therefore setting

e "IC(F(x), ..., F(x))
e_Y(y)Ck(F(.y)’ )F(.y))

gives the following representation for the optimal wage function:

F(x|y)=

Yy
w(y) = J xdF(x|y) =Ez[x|x < y], (A6)
0

where F/(x) are weights assigned to x < y since F/(x) > 0 for all x € [0, y] and foy F'(x)=1.

For the alternative representation of F(x) stated in the proposition, consider the following:



C Cyj
lanz ilan = ﬁF/'F ZﬁF/
d_y Ck : Ck

Jj#k
C Cy;
—J %F/ = —lIle+ ZC—]F/
k j#k K
Ckj g
[ G o) Zin G F
e Cy — -
—— Ck
e—Y(y)
[ Eu e
eV, = el 2in T
Substituting this back in the definition of F gives:
* Ci (F(2),.F (2)
. efo itk ckJ(F(z),.“,F(z)) F'(z)dz _fy 5 ij(F(z),m,F(z)F,(z)dz
FUdy) = = ¢ (87

y
efo ik @ Fay ()dz

Step 3 - Verify w/(y) > 0: To conclude the proof, we next verify that w/(y) > 0, which ensures the
existence of y = a(w) = w™(w) with a’(w) > 0 (continuity of w(y) is ensured by the continuity of the
density function h(y7, ..., Yi)-

In equilibrium, a’(w(y)) = 1/w/(y). From the optimality condition, we have:

/ _ Ck](F(.)’):";F(.)’)) /
W)=y —w) (; AORENICOM (y)).

From equation (A6), y —w > 0, with strict inequality when y > 0. F’(y) > 0 by assumption. Also
recall that for any k € {1,...,K}, C(F(y), -+, F(y)) = P(Y; < y,Vj # k|Yx = y) > 0 and, for any
which are both positive. Therefore the derivative, w’(y), is strictly positive for y > 0 (and w’(0) = 0).

Lemma 1 The joint distribution of wage offers w(y; ) is described by the copula C* = C, and the

common marginal distribution F*(x) = F(w™(x)).

Proof. Proof follows from the stability of copulas under monotonic transformations and the strict mono-
tonicity of the wage offer function. Formally, suppose X} are K random variables whose joint distribution
is described by copula C* and marginals F;.(X; ). Then for any set of continuous and strictly monotonic

functions Hy : R — R,
P(Hyp(Xp) < hy) = P(xg < Hi '(hy)) = C¥(Fr(H; ' (hy)),  Vk=1,..,K.
Noting that the equilibrium wage offer function w(y) is continuous and strictly increasing implies the

4



lemma. =

Theorem 3 The equilibrium distribution of wages in a symmetric oligopsony equilibrium is:
P(w" < w) =C(F*(w),---,F"(w)). (5)

Proof. For any K dimensional copula C that describes the joint distribution of random variables X; for

k =1,...,K, the distribution of max{X; : k = 1,...,K} is given by its diagonal section. Hence:

P(mjax{w(yj)} < w)=Pw(y;) L w,..w(y) < w)=C(F"(w), ..., F"(w))

Example 1 (Independent Copula) IfY, is independent across employers, then the optimal wage
offer policy is w(y) = foy xdF!(x|y) with

Proof. The independence copula is C! = Il u,. At Y, = z for all k, u;, = F(z) for all k, implying,
Cr = F¥7!(z) and Cy; = FX%(z) for all k. But then:

J«V Ci(F(2), .. F(z)

- Y F(2)
X j#k Ck(F(Z), ,F(z))F (Z)dz - (K— 1)J;

F(2)

dz=(K—1)[InF(y)—InF(x)]

Substituting this in the definition of F in Theorem 1 gives the result:

FK—I(X)

F(x|y) = e K-DINF)-InF(0] =
(x1y) FRi(y)

(A8)

Proposition 1 (Archimedean Copulas) Let C* = ¢~"(3];4(u;)) be an Archimedean copula.
The optimal wage offer policy is w(y) = foy xdF(x|y) with

W (CAF(0), o F(x)) ]— |

F(x|ly)= |:,L/J/(CA(F(}/), wnF(Y))

Proof. Taking the appropriate derivatives of the equation ¥(C*) = >’ i Y (u;), the following can be
established for Archimedean copulas for any j # k:

C_?j_ ,Lp//(CA) "
Cf —ar(cA) I’

5



with CA Y’(u;)/4'(C*) . Substituting back in the definition of F gives the result:

Yy CA(F(2),.. F(z))
F = - Ik d
G exp( f ;cA(F(z) ey @ 7’)
/! A
- exp( J K-V w’(F(z))dz))

= exp (—

[w'(cA(F(y) F(y))TT
P/ (CAF(x), ., F(x))

[w'(w—l(Kw(F(y))))]l%
I KP(F (X))

lmp’(CA(F(z), s F)IL )

The last equality follows from the definition of C# under symmetry. =

Example 2 (Gaussian Copula) Let K = 2 and C = C%(p) be the Gaussian copula with correla-
tion p € [—1,1] and normal marginals F,(Inx) = @(MT_“)for k € {1,2}. The wage offer policy
in a symmetric duopsony equilibrium is wé(y, p) = f Oy xdF%(x|y; p) with

1

T—p (Inx—w) | =*
‘I’( o o )

q,( F_PM)

1+p o

F(xly;p) =

Proof. Step 1: Consider the inverse wage functions y = a;(w) for j € {1,2}. The labor supply function

is:

logai(W)_nU’ilj(yj)) )

Tilj

nj(w;yj,a;(w)) = P(y; <ai(Wly;)- f(y;) = ‘1’(
where u;;(y;) = p; + By(log y; — uj) with B;); = aij/ajz., and f(y;) is the marginal density of y;.
Semi-elasticity of the labor supply is:
loga;(w)—py;(y;)
wwsyam) @ (EUEEE) )
nj(w;yj, a;(w)) 4,(1"%“—1'(“”)—“1'\1%)) oa;(w)

Ti)j

Recall the first-order condition for firm j:

Gy — )n;(W;Yj:ai(W))_
T Wiy aw)

Substituting from above gives the following:



log a;(w)—u,;(y;)
('b( Oi|j ) al{(W)
O =W e a0 o ()
NEIDET I
ilj

Step 2: The condition above implicitly defines a;(w), firm j’s inverse wage function. Impose equi-

librium by setting y; = a;(w)

/
i

¢ (logai(w)—,u”j(aj(w))) a

Oy (w)

(Cl](W) - W) ® (10gai(w)_Ui\j(aj(W))) Uanl-(W) =
Tilj

This is a 2-equation system of ODE’s for inverse functions a;(w) and a;(w).

Step 3: Impose symmetry. Set u; = u and o; = o, and, thereby, a;(w) = a(w) for i € {1, 2}.

Note that with symmetry, the arguments in ¢ and ® become:

log a;(w) — py;(a;(w)) _ loga(w)—p—Py;(logalw)—p) _ 1= By,

Tilj Ti|j Tilj

(loga(w) —u)

Substituting in the ODE, denoting a’(w) = da/dw and a(w) = a, and rearranging gives a single

equation ODE in standard form:

1—

. 1— B
Bi (loga—,u)) da—é(%(loga—u)) ojjadw=0 (A9)

ilj ilj

(a—w)o (

B
Multiplying the ODE with I(a) = w gives an exact ODE defined by d¥(a,w) = 0. Ignoring the

arguments of ¢ and ¢, and denoting f3;; = 8 for simplicity:

(a—w) dw=0

B 1
¢ ¢F da—dF o
~——

a ilj
|
v, 2

B
The exactness can be verified by showing ¥,,, = ¥,,, = —¢p®F /a
Step 4: Solve the ODE.

First, note that:

Y(w,a) = J v, dw =w¥,, + h(a)

since ¥,, does not depend on w. h(a) is the constant of integration, which generally depends on a.

Second, differentiate ¥(w, a) above w.r.t. a and equate it to ¥, from the ODE to solve for h’(a):

(a—w)

’ w B ’ b
v, =w¥,,+h'(a) =——¢ ®3F +h'(a) = ¢ &1-F
a



This gives:

H(a)=¢ 77,

which implies

ilj

ilj

h(a)=J ¢(1_ﬁ(logx—,u))¢%(1_ﬂ(logx—u))dx+ho,
0

where h is the constant of integration.

Substituting h(a) back in ¥(a, w) along with ¥,, from the ODE gives:

—<I>ﬁdi|jw+f ¢(1_ﬁ(logx—u))¢%(1_ﬁ(logx—u))dX+ho=0
0

ilj

ilj

Now, we can isolate the wage above:

a - B o1
fo ¢ (%(IOWC —.U))‘I’l‘ﬁ (%(logx —,u,))dx + hy
W(a) = J S j (A10)
PP (T_U(loga—u)) oij
Jo xd®T7 (%(Ing—u)) +hy
- l (A11)
1 -
77 (1L (loga )

Note that w(0) = 0 implies hy =0, 81, = po1/05 = p by symmetry, and

1=Pip 1—poyfo, 1—p 1.1—p

O1)2 01\/1—p2_0\/1—p2_0 1+p’

Substituting back into the wage function gives:

1

1—p (logx—u) =
o [elVERE)
w(a) = xd
0

1—p (loga—u)
o)

y
=f xdF(x|y),
0

where we have set a = y by definition. =

Theorem 4 Let G(y) = foy F(x|y)dx. Then for any y >0, 1—w(y)/y is increasing in y if and
only if the elasticity of G(y) with respect to y exceeds 1.

Proof. Applying integration by parts to the definition of equilibrium wage policy gives:

Yy Yy
W(y)=J xdF(XIy)=y—f F(x|y)dx,
0 0



since F(y|y) = 1. Solving for markdown, we have:

1

Cw(y) _ Jo Fxlyddx  G(y)
y y y
which increases with y if and only if G'(y)y — G(y) > 0, or, equivalently:

G'(y)y
G(y)

>1

Before we begin the proofs for Theorems 5 - 7, it is worth noting a few implications of APD

dominance. First, note that APD dominance implies first-order stochastic dominance.
Remark 3 F, >,pp F5 = F, >posp F5

This can be seen by setting y = y™** in the definition of APD dominance, which gives F, > ,pp
Fy = Y(F4(x)) > Y (Fz(x)) for all x < y™*, which then implies F,(x) < Fz(x) for all
x < y™* since 1) is strictly decreasing in its argument. It is easy to see that FOSD does not
necessarily imply APD, which makes APD a stronger condition.

Another useful implication is the following:
Remark 4 F, >,pp Fy < /'(Fa(x))F,(x) < Y'(Fz(x))F5(x)

By definition, APD implies vy(F,(x)) — 4y (Fz(x)) is decreasing in x. The result is obtained by
differentiation.
When the two distributions are independent, APD is equivalent to a monotone probability

ratio order, also known as an increasing reverse hazard ratio.
Remark 5 If F, and Fy are independent, then F, >,pp Fz <= F,(x)/F5(x) is increasing in x.

For the independent copula, 1(x) = —In x. Substituting that in the definition of APD gives the

result.

Theorem 5 Suppose C(u,v) € 64 and F, >,pp F;. Then, (i) for all w > 0: F,(y;(w)) >
Fy(y,(w)), and (ii) forall y > 0: w,(y) > w,(y).

Proof.
Part (i):
The proof is established by contradiction. Denoting u(w) = F;(y;(w)) and v(w) = F5(y,(w)), the

ratio of the optimality conditions for the two firms gives the following:

Y)Y dv _ yy(w)—w
P du y,(w)—w’

9



This is a differential system with boundary values v(0) = u(0) =0 and v(w) = u(w) =1 at some w > 0
(Lebrun, 1999).

Suppose u(w) < v(w) were true for some w € (0, w) in equilibrium. This implies y;(w) < y,(w),
because F1(y) > F»(y) and Fj(y) > 0 by assumption. Furthermore, by convexity of v, and the fact that
Y’ <0, we have 0 > ¢’'(v) = ¢’(u), implying 0 < ’(v)/¢’(u) < 1.

The relations above together imply % = ﬁg%:x . ii?g > 1 whenever v(w) = u(w) from the equation

above. But that reinforces v > u for all wage levels above w, which contradicts v = u = 1 at w. Therefore,
u(w) > v(w) must hold in equilibrium for all w € (0, w). This implies employment at Firm 2 is larger
than that at Firm 1 at any w € (0, w). Visually, this is implied by the equilibrium locus lying below the
45-degree line and the symmetry of Archimedean copulas.

Part (ii)

The proof is established by contradiction, but first note that if ever y;(w) = y,(w), i.e. the two wage

strategies cross, then:
Y (Fo(y))Fo(y)y,(w) _
P! (F1(y)F;(y)y;(w)

from the ratio of FOC’s of the two firms. Rearranging implies:

ys(w) Y EONF)
yiw)  P/(Fa(y)Fy(y)

by assumption of the proposition (recall 1" < 0). Because y]f(w) =1/ wg(y), we have wiy(y) > wi(y)

whenever y;(w) = y,(w).

Suppose now, contrary to the claim, that w,(z) > w;(z) for some z € (wy, y™**). Then, for all
z’ > z, we have w,(z') > w;(2’), especially for z &~ y™?* where ~ means arbitrarily close, because
w)(2) > w'(z) as we established above.

In terms of inverse wage strategies, w,(z") > w;(2z’) is equivalent to y,(w) < y;(w) for w ~ w. But

then we have:
v(w) = Fo(yo(w)) < Fo(y,(w)) < F1(y1(w)) = u(w)

where the first inequality follows from F;(y) > 0 by definition, and the second inequality from FOSD,
F5(y) < F1(y), which is implied by the assumption of the proposition.

Because u(w) = v(w) = 1, we must have v/(w) > u'(w) for w &~ w if v(w) < u(w). In other words
v(w) has to rise faster to catch up with u(w).

But if v/(w) > u/(w) and u(w) > v(w), then from the ratio of FOC’s, we must have:

Yo —w _ ' wh'w) 1

yiw)—w  Puw)u'(w)
implying y,(w) > y;(w), or, equivalently, w, (y) > wy(y) which contradicts the supposition that wy(z) >
wq(2).

10



Theorem 6 If C(u,v) € 6€* and Assumption 1 holds, then there is a unique w* > 0 such that
F1(y;(w)) = F,(y,(w)) if and only if w > w* in equilibrium.

Proof. Define w where y,(W) = ¥ in equilibrium. Following the same steps as in the proof of Proposition
5, it can be shown that u(w) > v(w) for all w € (W, w), because F;(y) > F,(y) for all y > ¥. Therefore,
if there is a w* such that u(w*) = v(w*), w* < w must hold.

It is possible that w* = 0 is the only crossing point with u(w) > v(w) for all w > 0. In that case,
the equilibrium is similar to that described by Theorem 5. Next, we show that there is a single interior
crossing point: that if there is a w* > 0, it must be the only such point. We will do so by showing that
for all w € [w*, W], dv/du < 1. That is, the slope at the crossing point is less than one and for all wage
levels above that, the differential system reinforces v(w) < u(w) until w. Since we already established
u(w) > v(w) for all w € (W, w), w* must be the only interior crossing point.

For any w < W, suppose u(w) > v(w). Then 0 > 1’(u) > v’(v) by strict convexity of 1. Because
¥o(w) < 7 when w < w by definition, F,(y) > F;(y) when y < ¥ by assumption, and u(w) = v(w) by
supposition, F;(y;(w)) > F5(y,(w)) > F;(y5(w)) must hold for all w < w, which implies y; (w) > y,(w).

These inequalities imply:

dv _ ') ys(w)—w
du~ PO () —w
—— —

<1 <1

The inequality above implies that v(w) remains below u(w) in equilibrium, for all wage levels w >
w* > 0. Equivalently, if the equilibrium equal-pay locus (v(w), u(w)) ever touches the 45-degree line, it
remains strictly below that line and does not cross it again (that is, of course, until the terminal point:

viw)=uw)=1). =

Theorem 7 If C(u,v) € 6* and Assumptions 1 and 2 are true, then 3y* = y,;(w) = y,(w) €
(¥,¥) for some w, such that w,(y) > w,(y) ifand only if y < y*.

Proof. Step 1: We first show that if ever y;(w) = y,(w) = y for some w, then y,(w) > y;(w)if y < §
and y;(w) > y,(w) otherwise.
Since y,(w) = y,(w) =y, we have, from the ratio of FOC’s for the two firms,

WEODFWYW) _y—w
PECFHOY W)~ y—w

1.

Rearranging terms gives:
ysw) Y (F1(y))F{(¥)
Y1)~ Y FRONF)
which is strictly less than 1 if and only if y > 7, and exceeds 1 if y < ¥ by Assumption 2 and Remark 4.
Step 2: Yy > ¥, wi(y) > wo(y).

11



Because y]’.(w) = 1/w3.(y), we have wy,(y) > w’(y) whenever y;(w) = y,(w) = y > J. Suppose,
contrary to the claim, that w,(z) = w;(z) for some z € (J,y™**). Then, for all z’ > z, we have
wy(z') > wy(2'), especially for z ~ y™®*, where ~ means arbitrarily close, because w/,(z) > w/(z) as
we established above.

In terms of inverse wage strategies, wy(2") > w;(2’) is equivalent to y,(w) < y;(w) for w ~ w. But

then we have:
v(w) = F5(y2(w)) < Fo(y1(w)) < F1(y1(w)) = u(w)

where the first inequality follows from F,(y) > 0 by definition, and the second inequality from Assump-
tion 1. Because u(w) = v(w) = 1, we must have v'(w) > u’(w) for w &~ w if v(w) < u(w). In other words
v(w) has to rise faster to catch up with u(w).

But if v/(w) > u/(w) and u(w) > v(w), then from the ratio of FOC’s, we must have:

yaw)=w _ ' m'ow) _

yiw)=w  Pu@m)u'(w) =
implying y,(w) > y;(w), or, equivalently, w,(y) > wy(y) which contradicts the supposition that wy(z) >
wq(2).

This implies y < § and y;(w) > y](w) must hold whenever inverse wage strategies cross. That

implies they cross at most once and, if they do, y,(w) crosses y;(w) from below, i.e., y,(w) < y;(w) for
all z < w and y,(w) > y;(w) otherwise.

Step3: y>¥.

Recall from Theorem 7 that F;(y;(w) > F5(y,(w)) for all w > w* with y,(w*) < 7. Because
F1(y) £ Fy(y)forall y < y by Assumption 1, we must have y; (w) > y,(w) for all w such that ¥ > y;(w).

Because y,(w) crosses y;(w) once from below, that crossing must happen above j. =

Theorem 8 Consider a symmetric market with K firms and a legal minimum wage w. For all

y = w, the wage offer policy in an oligopsony equilibrium is given by:

w(y) =w'(y) +[w—-wW)](y),

where w*(y) denotes the wage offer in the absence of a minimum wage defined in Theorem 1 and

C(y) <1 is a strictly decreasing function with {(w) = 1.

Proof. Recall from equation (A4) that the differential equation that describes wage offers in a symmetric

oligopsony equilibrium is:

U(a,w) = —we " DC(F(a), ..., F(a)) + f xe_”(x)z Cij(F(x), ..., FGO))F (x)dx = d.
0 J#k

12



with the initial condition w(w) = w when there is a minimum wage.*! Using that condition to solve the

constant of integration, d,, we have:

U(w,w) = —we TWC (F(w), ..., F(w)) + J _xe—Y(x)chj(F(x),...,F(x))F’(x)dx = d,
0 j#k
N [§ xe Y C(F (), ..., F(X))F(x)d x
e TWC (F(W), ..., F(w))

e TWC(FW), ..., Fw)) | —w 0
e TWC(FW), ... FW) [-w+Ep[x|lx <w]] = d,.

Solving for the wage function from equation (A4) and substituting for d, from above gives the

solution.

d
w(y) = Eg[xlx<yl— e—Y()’)Ck(F(;)’m,F(y))
—r(w)
w(y) = Eplxlx <yl+[w—Ezlx|x <w]] e "W (F(w), ..., F(w))

e YWC(F(y),... F(¥))
={(y)

w(y) = w'(y)+[w—wWI(y),

for all y > w, where w*(y) is the equilibrium wage offer in the absence of minimum wage, i.e. when
w = 0, from Theorem 1. It is easy to see {(w) = 1. Note also that {’(y) < 0, because the numerator

term in {(y) is fixed and the denominator is strictly increasing in y:

de "IC(F(y), ... F(¥))
dy

2 Cki(F(), - FO)F'(y)

Crx(F(¥), ..., F(Y)F'(y)
Ce(F(¥), - F(¥))
2 Ci(F(y), -ons F(y))F’(y)]
Ce(F(¥), - F(¥))

e TOCUF(y), - F(¥)) [—Y/(y) +

= e TOIC(F(Y),...F(¥)) [_

— ) chj(F(y),...,F(y))F/(y) >0,
j#k

since C; >0 forall j #k. =

AlThere is no bunching at w in equilibrium, because competitors can bid away infra-marginal workers, those
with y > w and w(y) = w, by offering marginally more than w.

13



Theorem 9 Consider a symmetric market with K formal firms, an informal sector and a legal
minimum wage w. The wage offer policy in an oligopsony equilibrium solves the following differ-

ential equation:

dw _ Xjp CoFO) - FODF'() [ 1 F{(W)]_l o
dy B C.(F(y), - ,F(y)) G —w)  Fw) ,

with the initial condition w(w) = w.

Proof. Recall from equation (4) that the optimality condition for firm k’s wage offer is

)3nk(W;y)
ow

and from equation (9) that the labor supply to a firm is given by:

y—w = ni(w; y),

[nc(w;y) = Pw;(y;) Sw,Vj#k|Y=y) - P(wg <w)- fi(y)
Cruy (W), -+, Fi(y), -+ s ug(w)) - Fy(w) - FL(y),

where u;(w) = F;(y;(w)) and y;(w) are inverse wage offer functions for j # k. Differentiating with

respect to w and dividing by labor supply gives:

on(w;y) 1 Zj;ék Crjwi(w), -+, Fr(y), - 7UK(W))FJ{(}’J'(W)) dy;(w) F{(w)

ow  m(wyy) Cr(uy (W), -+, Fi(¥), -+, ug(w)) dw  Fr(w)

Setting y;(w) = y(w) by symmetry and substituting in the optimality condition gives:

)y [ OO FODF D) dy | Fi)
’ GG, F(y)  dw  F(w)

Solving for dy /dw, we have:

dy _ CG(F(y),---,F(y)) [ 1 _F{(W)]
dw Y C(F(), -, FONF' ) Ly —w)  Fi(w) |

Inverting the ODE gives:

dw 2 O (FOs -+, FOIF'(y) [ 1 F;(w)}_l
dy Ce(F(y), -, F(¥)) (y—w) F,(w)
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B Empirical Appendix

B.1 Regression Robustness

Robustness Check for Instrumenting with Industry Growth. Table Al reports two robust-
ness regressions for the industry growth instrument (IV2) in Table 4. First, we exclude those
industries where more than 10 percent of hires are from within the same industry. This is to
avoid conflating the demand effect from industry-wide growth with more competition to find
workers, which may result in a backward shift of supply facing an employer. To calculate indus-
tries’ internal hiring rates, we start from matches that satisfy all restrictions in Table 1 except
the last, “stayer with consecutive wages,” while restricting to workers hired that year. Hires
are classified as internal if the worker held a formal-sector job (satisfying Panel A restrictions
in Table 1) ending in the same or prior year as hired, with the prior employer of the same
7-digit industry as the new. Those with no such prior formal-sector employment are implicitly
defined as external-industry hires. (This contrasts with the sample behind Table 2, which is
restricted to hires from the formal sector.) Excluding industries with more than 10 percent
internal hiring rates drops about 16 percent of the industries, accounting for about 50 percent
of the regression sample.

Second, to avoid confounding changes in industry-level labor supply, we replace the in-
strumental variable industry employment growth with its growth predicted by business cy-
cles and the industry’s average cyclicality. To calculate cyclicality, we start from an indus-
try’s total December employment for each year of the 2006-2018 RAIS data, then project each
industry’s annual employment growth rate on Brazil’s nationwide annual real GDP growth
rate (from the World Bank (https://data360.worldbank.org/en/indicator/WB_WDI NY GDP
MKTP KD ZG). We take an industry’s slope estimate as its cyclicality; we use the predicted
cyclical value for each industry’s employment as an instrumental variable.

Our main estimation results are robust in both cases. In particular, the estimated sup-
ply elasticity remains much lower for employers’ higher-wage workers, while within-employer
wage dispersion remains large. The standard errors are somewhat larger, potentially reflecting
weaker instruments—the Kleibergen and Paap (2006) Wald rk F-statistics are 39.8 and 20.6,

respectively.

Robustness to Dropping Workers near Minimum Wage. Table A2 shows robustness of our
benchmark regression, IV3 in Table 4, to further restricting the sample to workers with wages
that are at least 120 percent of the legal minimum. This should largely eliminate any impact
of minimum wages on the estimated labor supply elasticity at the bottom of employers’ wage

distributions. (Note that the cutoffs for the wage quartiles are all now higher.) We continue to

15


https://data360.worldbank.org/en/indicator/WB_WDI_NY_GDP_MKTP_KD_ZG
https://data360.worldbank.org/en/indicator/WB_WDI_NY_GDP_MKTP_KD_ZG

Table A1: Robustness Check for Instrumenting with Industry Growth

IV: industry’s growth, excluding industries with > 10 percent internal hires

quartile (q) wage response (Eq) emp response (?q) elasticity (ﬁq) markdown (%)

18t
2nd
Srd
4th

0.07 (0.02)
0.10 (0.03)
0.13 (0.03)
0.17 (0.03)

1.26 (0.15)
1.00 (0.11)
0.82 (0.02)
0.72 (0.03)

16.9 (5.6) 5.6 (1.7)
10.2 (3.2) 8.9 (2.6)
6.2 (1.3) 13.8 (2.4)
4.3 (0.9) 18.8 (3.0)

IV: industry’s exposure to business cycle due to cyclicality

quartile (q) wage response (Eq) emp response (Y,) elasticity (7),) markdown (%)

15t
2nd
Brd
4th

0.04 (0.05)
0.17 (0.09)
0.26 (0.09)
0.36 (0.12)

1.90 (0.27)
0.70 (0.15)
0.63 (0.07)
0.52 (0.14)

45.1 (53.2) 2.2 (2.5)
4.1 (2.4) 19.6 (9.3)
2.4 (0.9) 29.3 (7.8)

1.4 (0.6) 40.9 (10.4)

Notes: Standard errors in parentheses, clustered at the employer-by-year level.

Table A2: Robustness Check for Wage > 1.2x Minimum Wage

quartile (q) wage response (ﬁq) emp response (?q) elasticity (ﬁq) markdown (%)

1st
2nd
3rd
4th

0.04 (0.01)
0.14 (0.02)
0.19 (0.02)
0.23 (0.03)

1.49 (0.04)
0.88 (0.02)
0.68 (0.03)
0.58 (0.03)

36.9 (13.0) 2.6 (0.9)
6.3 (0.7) 13.6 (1.3)
3.6 (0.4) 21.5 (2.0)
2.5(0.3) 28.3 (2.6)

Notes: Standard errors in parentheses, clustered at the employer-by-year level.

Table A3: Robustness Check for Residualized Wages

quartile (q) wage response (/fi\q) emp response (?q) elasticity (ﬁq) markdown (%)

1 st
an
Srd
4th

0.06 (0.02)
0.13 (0.02)
0.18 (0.02)
0.22 (0.03)

1.38 (0.04)
0.94 (0.02)
0.77 (0.03)
0.62 (0.03)

21.3 (5.2) 4.5 (1.0)
7.0 (1.1) 12.5 (1.7)
4.2 (0.5) 19.1 (1.8)
2.8 (0.4) 26.4 (2.6)

Notes: Standard errors in parentheses, clustered at the employer-by-year level.
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Table A4: Wages vs. Residualized Wages by Wage Quartiles

group by wages group by res. wages
quartile avg. wage avg. res. wage quartile avg. res. wage
15 1.00 1.00 1%t 1.00
2nd 1.30 1.26 2nd 1.29
31 1.63 1.54 31 1.59
4th 2.54 2.25 4th 2.40

Notes: The correlation coefficient between the original and residualized wages is 0.899.

see much higher implied markdowns for firms’ higher wage workers, with that slope as steep

as the slope for the fuller sample.

Robustness Check for Residualized Wages. Table A3 repeats our benchmark regression but
re-constructs the wage and its quartiles for each employer after first residualizing the log wage
with respect to workers’ education. One might view controlling for those characteristics as act-
ing to better isolate the match comparative advantage. However, comparative advantage can
also be associated with education, so the residualization also removes variations in compar-
ative advantage. Table A3 shows that high-wage-residual workers within a firm face a much
less elastic supply, implying they face higher markdowns. The markdown variation across wage
quartiles is similar to the benchmark. This mainly reflects that, in our sample, education only
accounts for a small amount of wage variation within employers. Table A4 reports the wage
gaps between wage quartiles. The first three columns show that the wage gaps among our
benchmark wage quartiles only shrink by about 10 percent after residualizing by education.
Consequently, the residualized-wage gap is similar to the benchmark when re-grouping the

wage quartiles by residualized wages, as shown in the last two columns.

Markdown Heterogeneity by Market’s Concentration Ratio To supplement Section 4.3’s
analysis, we examine the variation in labor supply elasticities across more- vs. less-concentrated
labor markets. Specifically, we consider the same specification as there, but now divide em-
ployers by their markets’ Herfindahl-Hirschman Index in employment shares. We define the
more-concentrated markets as those with the highest Herfindahl-Hirchman Index, with its cut-
off chosen so that 5 percent of total employment is classified as more-concentrated. We sep-
arately present the estimated wage responses, employment responses, and the implied mark-
down in the three panels of Figure A1l. Similar to our findings for the large vs. small employers
in Panel (a) of Figure 8, we do not find significant differences along the dimension of market

concentration in the Brazilian data.
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Figure A1: Markdown Heterogeneity by Market’s Concentration Ratio

stayer's wage response (Byq) employment response (Ygq) markdown (%)
.31 1 — less-concentrated — less-concentrated
— more-concentrated 304 — more-concentrated
.2 1.5
20
14
1 104
0
— less-concentrated 0
1 — more-concentrated .59
1 2 3 4 1 2 3 4 1 2 3
wage quartile within employer wage quartile within employer wage quartile within employer

Notes: In each panel, the red and blue lines depict respective estimates for employers in the more- and less
concentrated markets. The shaded areas represent the estimates’ 95 percent confidence intervals.

B.2 Additional Calibration Tables

Calibrated Parameters. Table A5 reports the calibrated parameters for Section 5.1. The first
three columns consider a simple symmetric duopsony model with no informal sector and no
minimum wage; the last three columns extend the model for a legal minimum wage, w, and an
informal sector. In each case, we entertain three versions corresponding to joint productivities
that reflect a Gaussian, Clayton, or Gumbel copula, each with log-normal marginal distribu-
tions. For the simple model, we calibrate the standard deviation for the log-normal marginal
distribution, o, and the copula’s dependence parameter; parameters are calibrated to match
the first two moments in Table 6: the average standard deviation of log wages within a firm and
the average markdown in the formal sector. For the extended model, we additionally calibrate
the minimum wage, w, and the log-normal parameters for the informal sector productivity
distribution, u, and o,. To do so, we match three additional moments in Table 6: the ratio
of minimum wage relative to the average formal-sector wage, the employment share of the

formal sector, and the wage gap between the informal and formal sector.

Implied Wage Comparative Advantages. Table A6 reports the model counterparts to the
workers’ wage-measured comparative advantage, empirically approximated by the wage gains
for mass hires reported in Table 5 at the end of Section 4.2. For each calibrated model, we
calculate the average Inw; —Inw, for each wage quartile of Firm 1 workers whose best outside
option is w, instead of w; the last condition reflects that we only observe wage gains for those
hired from the formal sector in the data. We find that, under the simple model without the
informal sector and minimum wage, the Gumbel copula is unable to fit the qualitative pattern

that workers’ wage comparative advantage aligns with their absolute advantage. While the
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Table A5: Calibrated Parameters

No informal or w With informal and w

parameter and description Gaussian Clayton Gumbel Gaussian Clayton Gumbel
o formal distr. std. dev. 0.36 0.39 0.35 0.53 0.55 0.52
p/60/a formal distr. dependence 0.90 4.02 3.03 0.94 8.72 3.09
(Kendall’s ) (0.71)  (0.67)  (0.67) (0.78)  (0.81)  (0.68)

w minimum wage 0.44 0.44 0.44
Uo informal distr. mean -0.28 -0.31 -0.23
o informal distr. std. dev. 0.19 0.23 0.15

Notes: For each copula under the case without informal sector or minimum-wage (w), parameters are calibrated
to match the first two moments in Table 6. We match all five moments in the table for each copula under the case
with the informal sector and minimum wage.

Table A6: Implied Wage Comparative Advantages (%)

Data: mass-hire No informal or w With informal and w

quartile (q) 50 percent 80 percent Gaussian Clayton Gumbel Gaussian Clayton Gumbel

18 5.6 4.3 10.7 5.8 12.9 8.4 5.5 7.6
2ond 17.4 16.9 11.2 8.7 14.3 10.4 8.2 10.2
3rd 24.8 24.8 12.2 11.6 14.2 12.5 11.9 14.1
4th 37.5 39.8 13.2 17.6 13.0 15.0 19.3 17.1

Notes: The data numbers (first two columns) are the same as those reported in Table 5. For each copula under the
case without informal sector or minimum-wage (w), parameters are calibrated to match the first two moments
in Table 6. We match all five moments in the table for each copula under the case with the informal sector and
minimum wage.

other cases are qualitatively consistent with the data, the model’s wage gain differences across
quartiles are much smaller than in the data from mass hires. Using the Clayton copula gives
the largest differences, and hence those closest to the data. We want to emphasize that the
wage gain upon mass hire is likely a biased proxy for wage comparative advantage. We do not

use it as a quantitative target for estimation, but as a qualitative support for our theory.
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