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1 Introduction

Brazil experienced a dramatic reduction in wage inequality between the mid-1990s and the
early 2010s. In a literature review, Firpo and Portella (2019) point to three shocks as plausible
causes of that phenomenon: an increased supply of skilled labor due to rising educational
attainment, labor demand shocks that favored unskilled workers (mostly due to the 2000s
commodities boom), and large real increases in the federal minimum wage. Understanding
the labor market effects of these shocks is important for not only those interested in the

Brazilian case but also those seeking to remedy rising wage inequality in other contexts.

To that end, this paper develops a tractable framework that describes how supply, demand,
and minimum wage jointly determine the long-run wage distribution in imperfectly com-
petitive labor markets. I employ matched employer-employee data to test its theoretical
predictions and to structurally estimate a local labor markets model of the Brazilian econ-
omy. Finally, I simulate counterfactual scenarios based on the estimated model to quantify

the individual impacts of each shock, as well as their interactions.

Current academic literature employs two separate frameworks to study the labor market ef-
fects of those shocks. Supply and demand factors are typically examined under the as-
sumption of perfect competition, using models with representative firms (e.g., Bound and
Johnson, 1992; Card and Lemieux, 2001) or assignment models based on comparative ad-
vantage (e.g., Teulings, 1995; Acemoglu and Autor, 2011). In such models, inequality trends
reflect changes in productivity gaps between workers. By contrast, leading quantitative mod-
els of the minimum wage, such as those developed by Flinn (2006) and Engbom and Moser
(2022), are imperfectly competitive. Those models emphasize the contribution of cross-firm
wage differentials between equally productive workers (henceforth, firm wage premiums) to

overall wage inequality.

Although the use of different frameworks for different shocks facilitates tractability, it also
imposes restrictions on causal pathways. In competitive models, supply and demand factors
cannot affect wages through firm wage premiums or sorting, defined in this paper as the
assortativeness between worker skill and the firm wage premium they earn at their current
employer. But those channels may be quantitatively important. For example, Card, Heining
and Kline (2013) and Song et al. (2018) show that long-run changes in sorting account for
significant shares of the overall increase in wage inequality in West Germany and the US, re-

spectively. If those changes in sorting are driven by supply and demand factors, competitive



models may provide an incomplete account of their labor market effects. On the minimum
wage side, the leading models impose strong restrictions on how productivity gaps between
workers may change by assuming perfect substitutability between worker types, ruling out

changes in technologies firms may use, or disallowing cost pass-throughs.

A descriptive analysis of the Brazilian case shows that these restrictions may be consequen-
tial. I use matched employer-employee data to calculate labor market statistics for 151 mi-
croregions comparable to US commuting zones. Those statistics include several measures
of wage inequality, minimum wage bindingness, and formal employment rates for 1998 and
2012. T also use the methodology detailed by Kline, Saggio and Sglvsten (2018) to obtain
reduced-form estimates of the importance of firm wage premiums and sorting, based on

two-way fixed effects regressions in the tradition of Abowd, Kramarz and Margolis (1999).

Many of my descriptive findings align with previous work on Brazil: the fall in inequality
is large, widespread, and associated with the reduced dispersion of firm wage premiums
(Alvarez et al., 2018). However, I also document a new fact not readily explained by existing
theoretical approaches: assortative matching rises in most regions. Although papers such
as Engbom and Moser (2022) allow for the minimum wage to impact sorting, it acts in the

opposite direction.

Motivated by these findings, I develop a new framework to investigate whether the trans-
formations observed in Brazilian labor markets can be parsimoniously explained by supply,
demand, and minimum wage shocks and, if so, to determine what role each of them plays.
It features rich worker and firm heterogeneity, a task-based model of production, monop-
sony power based on idiosyncratic worker preferences, general equilibrium in the market
for goods, and free entry of firms. The distinguishing feature of my framework is that it
combines the two theoretical perspectives mentioned above by allowing all shocks to affect

wages via changes in labor productivity, the dispersion of firm wage premiums, and sorting.

This unified approach provides novel insights into how these shocks affect wage inequal-
ity. The first insight is a new explanation for why increases in the supply of skilled labor
may have limited effects on the aggregate skill wage premium, or may even widen it (Blun-
dell, Green and Jin, 2021; Carneiro, Liu and Salvanes, 2022). This phenomenon is typically
explained using models of endogenous innovation, which creates non-convexities in the ag-
gregate production function (Acemoglu, 1998, 2007). My framework features no such non-
convexities. Instead, the aggregate skill premium can rise when the supply shock leads to

the creation of skill-intensive, high-wage firms, and the gains in firm premiums for skilled



workers reallocated to those new firms outweigh decreases in productivity differentials by
skill.!

I also show that the combination of monopsony power, firm heterogeneity, and task-based
production can lead to qualitative changes in minimum wage effects. Workers of different
skill levels may be complements at high-wage firms that use a broad set of tasks in produc-
tion, but substitutes in low-wage firms specialized in simple tasks. When the minimum wage
reallocates unskilled labor from low- to high-wage firms, productivity gaps between skilled
and unskilled workers may widen within the destination firms. But there may be no change
in productivity differentials at the origin firms. As a result, the impact of minimum wages
may be negative in the middle of the wage distribution and positive at the top, contrast-
ing with the smooth inequality-reducing effects predicted by competitive task-based models
(Teulings, 2000).

The theoretical results have broader relevance to minimum wage literature, as they call atten-
tion to identification threats in reduced-form designs. Some studies measure minimum wage
effects using panel data at the firm level, defining treatment and control firms based on the
initial fraction of their employees with wages below the new minimum. As discussed, high-
wage firms may be affected by the minimum wage due to reallocation inflows, even in the
absence of general equilibrium responses. However, because such firms are likely to have a
low “fraction affected” due to their wage premium, the regression uses them as control units.
Similar concerns may apply to designs comparing workers with initial wages below the new

minimum and others in the same region with higher wages.

With the objective of performing policy counterfactuals, I estimate a parsimonious parame-
terization of the framework using a simultaneous equation nonlinear least squares procedure.
Conceptually, the exercise resembles Katz and Murphy (1992) or Krusell et al. (1999), who
use supply/demand models to explain rising wage inequality in the US. I target an array of
endogenous outcomes at the region-time level: wage inequality between and within three
educational groups, the variance of firm effects, the covariance of firm and worker effects,
minimum wage bindingness metrics (including the size of the minimum wage spike), and
formal employment rates by education type. Although over-identified, the model fits the
data well. I interpret the quality of fit as demonstrating that, at least in the Brazilian context,

'This mechanism is comparable to that of Acemoglu (1999) but differs in that it is not based on search
frictions. In addition, firms in my model are large and simultaneously employ many worker types, with within-
firm imperfect substitution between skill levels. This generates smooth labor market responses to supply shocks
instead of the discrete regime changes predicted by Acemoglu (1999).



secular trends in wage inequality, the dispersion of firm wage premiums, and sorting can be

largely explained by supply, demand, and minimum wage.

Armed with the estimated model, I measure the labor market impacts of each shock and their
interactions. Consistent with previous work, I find that demand shocks and the minimum
wage are the main causes of the decline in wage inequality in Brazil’s formal sector. I also
find significant interactions that would not be detectable without a unified framework. The
inequality effects of the minimum wage are twice as large when that shock acts in isolation,
compared to a scenario where it is accompanied by supply and demand transformations.
Supply and demand shocks increase measured sorting, with their effect magnified when they
act together. The minimum wage reduces sorting, but its effect is weaker when supply and

demand are also changing.

I also conduct two decomposition exercises that demonstrate the quantitative relevance of
the new theoretical pathways. In the first exercise, I show that increased entry of high-wage
firms amplifies the effects of rising schooling achievement on mean log wages by 25%.
The second exercise finds that the minimum wage has negative wage effects on workers in
the middle of the productivity distribution due to endogenous changes in wages posted by
high-wage firms. These effects differ markedly from simulated “minimum wage spillovers”
because the minimum wage causes disemployment for very low-skilled workers (such that
spillovers arise from truncation of the latent productivity distribution). I include a discussion
of the reasons that my results differ from the recent work of Engbom and Moser (2022),
who observe small employment effects in Brazil using both reduced-form methods and a

structural model.

The paper proceeds as follows. The next section details how this work builds upon and
contributes to different strands of literature. The third section contains a descriptive analysis
of the Brazilian data. The fourth section presents the task-based model of production and
some of its implications in partial equilibrium. The fifth section describes the complete
general equilibrium framework and discusses its predictions concerning the effects of supply,
demand, and minimum wage. The sixth section contains the quantitative exercises. The final

section concludes with directions for further research.



2 Literature and contribution

This paper’s framework can rationalize a large set of empirical facts documented in recent
years. It can explain why the contribution of firm wage premiums and sorting to wage in-
equality may change in the long run (Card, Heining and Kline, 2013; Song et al., 2018; Al-
varez et al., 2018). Sorting originates from differences in demand for skills between firms, as
documented by Deming and Kahn (2018). Because firms use production functions featuring
complementarity between worker types, the framework rationalizes changes in within-firm
wages in response to shifts in its internal workforce composition, such as those documented
by Jager and Heining (2022). Minimum wage can cause positive employment effects, reallo-
cation of workers from low- to high-wage firms (Dustmann et al., 2021), spillovers (Fortin,
Lemieux and Lloyd, 2021), and changes in how selective firms are when hiring (Butschek,
2022). Minimum wages may also precipitate changes in the types of firms operating in the
economy (Rohlin, 2011; Aaronson et al., 2018) and relative consumer prices (Harasztosi
and Lindner, 2019). Including all those potential channels lends credibility to the model’s

quantitative predictions.

On the theoretical side, my task-based model of production builds upon the work of Sattinger
(1975) and Teulings (1995), among many others. I derive new formulas for elasticities of
complementarity between worker types and provide computationally efficient parameteriza-
tion. But the core contribution to this literature is characterizing task-based production in
an environment with monopsony power and heterogeneous firms. I show that the optimal
assignment of workers to tasks may differ between firms and find support for that prediction
in the data. I also discuss how substitution patterns differ between firms and why that matters

for comparative statics.

The second strand of literature I build upon concerns monopsony models of labor markets
based on idiosyncratic worker preferences for firms. I embed the model developed by Card
et al. (2018) into a general equilibrium framework with task-based production, firm entry,
endogenous participation decisions, and minimum wages. I show how firm heterogeneity
in skill intensity and wage premiums emerge from differences in production technologies
available to entrepreneurs when they create firms. I also show that the elasticity of labor
supply to individual firms—a key component of monopsony models—can be identified from

the size of the minimum wage “spike” in log wage distributions.?-3

2[ thank an anonymous referee for this suggestion.
3Within the monopsony literature, my paper resembles the work of Lamadon, Mogstad and Setzler (2022),
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More broadly, this paper relates to models that quantify the effects of changing supply of and
demand for skills. Within that literature, it is closest to those where supply/demand shocks
alter the composition of jobs in the economy. Some work in that tradition, such as Kremer
and Maskin (1996) and Lindenlaub (2017), abstract from the role of firm wage premiums.
Others, such as Helpman et al. (2017), Shephard and Sidibe (2019), and Lise and Postel-
Vinay (2020), feature imperfect competition and firm wage premiums but assume workers
are perfect substitutes within firms (or that each firm hires only one worker). In such models,
labor market imperfections are the only reason for observing skills dispersion within a firm
type. By contrast, firms in my model hire multiple types of workers to benefit from the
division of labor, even when labor markets are competitive. Accurate firm-worker sorting
patterns are important for capturing the part of the effects of supply/demand shocks that

derive from endogenous firm entry and changing prices.*

Finally, I describe how my framework differs from quantitative models of minimum wages
developed in recent years. Engbom and Moser (2022) build a model with on-the-job search
in the style of Burdett and Mortensen (1998). Similar to my study, they estimate their model
using Brazilian data and match moments from two-way fixed effects decompositions. Be-
cause their model features search frictions, it is better suited to studying job ladders and
transitions into and out of unemployment. However, it abstracts from non-wage amenities

and assumes perfect substitutability between worker types.

Berger, Herkenhoff and Mongey (2022b) and Hurst et al. (2022) build monopsonistic min-
imum wage models with imperfect substitution across labor types. Berger, Herkenhoff and
Mongey (2022b) include cross-firm differences in productivity and allow for variation in
markdowns depending on the firm size relative to the market. Hurst et al. (2022) abstract
from firm heterogeneity but include search frictions and a putty-clay technology that allows
them to distinguish between short- and long-run minimum wgae effects. They also study

how minimum wage can be paired with transfers to achieve redistribution goals.

whose model also generates realistic firm wage premiums and sorting patterns. They allow for worker reallo-
cation across regions and richer forms of firm heterogeneity but do not model within-firm complementarities
between worker types, endogenous participation decisions, firm entry, or minimum wages.

“Eeckhout and Pinheiro (2014) and Trottner (2019) also model large firms with multiple jobs, but with
common elasticities of substitution across all pairs of worker types. Herkenhoff et al. (2018) allows for search
frictions and within-firm complementarities, but firms may only employ up to two workers. Models of hierar-
chical firms in the tradition of Garicano (2000), Garicano and Rossi-Hansberg (2006), and Antras, Garicano
and Rossi-Hansberg (2006) imply within-firm division of labor, but the modeling of costly information trans-
mission within firms reduces their tractability. My production structure can be viewed as a hierarchical firms
model without that cost and without the restriction that hierarchies need to be pyramidal.
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As a tool for evaluating minimum wages, my framework is unique in four ways. First,
substitution patterns between worker types depend on whether they are close or distant in
terms of skill and also on the task demands of the firm employing them. Second, it allows
for cost pass-throughs and endogenous changes in the composition of firms operating in the
economy. Third, it measures how minimum wages interact with educational trends and many
types of labor demand shocks. Fourth, it includes an estimation procedure based on regional
and time variation. That procedure showcases the model’s tractability (because each iteration
of the estimation procedure requires solving for equilibria more than 15 thousand times) and
its ability to explain cross-sectional variation in features such as the minimum wage spike.
It also allows for measuring how minimum wage effects differ between local labor markets,

which may be important in contexts with significant regional heterogeneity.

3 Wage inequality and sorting in Brazil

In this section, I present descriptive statistics that motivate the theoretical framework. I use
two data sources. The first is the RAIS (Relacdo Anual de Informagées Sociais ), a con-
fidential linked employer-employee dataset maintained by the Brazilian Ministry of Labor.
Firms are mandated by law to report to the RAIS at the establishment level. The dataset con-
tains information about both the establishment (including legal status, economic sector, and
the municipality in which it is registered) and each worker it formally employs (including

education, age, earnings in December, contract hours, and hiring and separation dates).

The other data come from the Brazilian censuses of 1991, 2000, and 2010. From them, I
obtain statistics for the overall population, such as the number of adults in each educational
group and the proportion of those who hold formal jobs. I also extract from the Census the

share of workers in agriculture, manufacturing, or other sectors.

I focus on individuals between 18 and 54 years of age. In the RAIS, I select individuals in
that age range who are working in December, having been hired in November or earlier. If a

worker has more than one job in the same year, I only keep the highest-paying one.

All the statistics are calculated at the local level. I use the concept of “microregion” as

defined by the Brazilian Statistical Bureau (IBGE). Microregions group nearby, economi-

>The 1998 outcomes are interpolated using the 1991 and 2000 Censuses. The 2012 outcomes are extrap-
olated using 2000 and 2010. The interpolations and extrapolations are linear for formal employment rates and
sectoral shares, and linear in logs for population counts.
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cally connected municipalities ("IBGE", 2003). They are commonly used to define local
labor market models in Brazil (e.g., Costa, Garred and Pessoa, 2016; Ponczek and Ulyssea,
2021).6

I use a local labor markets approach for two reasons. First, regional variation helps iden-
tify key parameters of the structural model. Second, local labor markets more closely map
theory to empirics. If firm-worker sorting is measured nationally, it will largely reflect ge-
ographical barriers in addition to the supply-demand-minimum wage dynamics emphasized
by the framework. I return to this point at the end of the paper when I compare my results to

previous work studying the Brazilian case.

The final sample is restricted to microregions with at least 15,000 workers in the RAIS
data in 1998 and 2012 and at least 1,000 formal workers in each of the three educational

7

groups defined below.” That leaves a set of 151 microregions encompassing 73% of the

adult population. Appendix Table D1 presents the consequent sample sizes.

Differing from the pattern in many high-income countries, wage inequality has been down-
ward trending in Brazil since the 1990s. The first two panels in Table 1 report the evolution
of several inequality metrics calculated at the microregion level and averaged nationally us-
ing total formal employment in both base years as weights (this means that region weights
are constant over time). Almost all metrics are declining, some of them dramatically. The
one exception is the college premium, which widened in 47 out of 151 regions. Because

those regions tend to be larger, the average college premium increased.

I gauge the contribution of firm wage premiums and sorting using region-specific variance
decompositions based on two-way fixed effects regressions of log wages (henceforth AKM
regressions after Abowd, Kramarz and Margolis, 1999). The log wage of worker i in region

r at time T 1S written as:

logyirt = Vir+ Wy o)+ Oz + Ui

where V; - is the worker fixed effect, y; is establishment j’s fixed effect, J (i,r,T) denotes the

6Using data for 2000 and 2010, Dix-Carneiro and Kovak (2017) calculate that less than 5% of workers
lived in one region and worked in another. That number, combined with their average size, makes Brazilian
microregions analogous to commuting zones in the US. After combining some microregions to ensure that their
boundaries remain constant throughout the study period, my base sample features 486 microregions.

"My structural estimation procedure requires a low level of measurement error in formal employment rates
by educational group and minimum wage bindingness. Those restrictions also yield better estimates of the
contribution of firm wage premiums and sorting to local wage inequality.



Table 1: Evolution of wage inequality measures and sorting

1998 2012
Panel A: Variances of log wages in base years
All workers 0.715 0.544
Less than secondary 0.410 0.241
Secondary 0.684 0.355
Tertiary 0.702 0.624
Panel B: Mean log wage gaps in base years
Secondary / less than secondary 0.498 0.168
Tertiary / secondary 0.965 1.038
Panel C: Variance decomposition using three-year panels
Total variance 0.688 0.577
Variance of worker effects 0.419 0.384
Variance of establishment effects 0.116 0.056
2 x Covariance worker, estab. effects 0.098 0.097

Correlation worker, establishment effects 0.224 0.315

Notes: Panels A and B display average wage inequality measures for the base years of 1998 and 2012. Panel
C shows the average outcomes of region-specific log wage decompositions based on Equation (1), using the
estimator provided by Kline, Saggio and Sglvsten (2018). All numbers are averaged over regions using the
total number of formal workers in both base years as weights.

establishment employing worker i in region r at time T, ,¢ is a region-time effect, and u; ;.

is a residual. Then, the within-region variance of log wages can be written as follows:

Var (logy; ».¢|r) = Var (v; ,|r) 4+ Var (l,llj(mr) \r) +2Cov (Vi,r, V(i) |r)
+ Var (8,.¢|r) + 2Cov (Vi + V(i) 8y.z|r) + Var (uic|r) (1)

If wages differ substantially across establishments for similar workers, the variance of estab-
lishment effects may be large, adding to overall wage dispersion. If high-wage workers are
more likely to work at high-wage establishments, then the first covariance term will be posi-
tive, further boosting inequality. Based on this logic, the correlation between establishment

and worker fixed effects is often used as a simple measure of labor market sorting.

Estimating the variance decomposition (1) is not trivial. I use the method developed by Kline,
Saggio and Sglvsten (2018) (henceforth KSS), which is not subject to the limited mobility
bias discussed by Andrews et al. (2008). I run the KSS model separately for each microregion
and period, using three-year panels centered on either 1998 or 2012. Because that procedure
requires a leave-one-out connected set, small establishments are under-represented in that

sample. Appendix D.2 provides details about the procedure.



Average results for the decompositions appear in Panel C of Table 1. Both worker effects and
establishment effects contributed to the fall of inequality in Brazilian microregions. How-
ever, the covariance term remains virtually unchanged. Thus, it accounts for a larger share
of the variance of log wages in 2012. The measured correlations between worker and estab-

lishment effects increase in most microregions (104 out of 151).89

The interpretability of AKM decompositions relies on categorizing establishments as high-
or low-wage. However, in many economic models of sorting, including this paper’s, wages
are not log-additive in worker and establishment components: Some establishments may pay
some worker types more and other worker types less. Still, indirect inference can be used to

extract identifying information from the AKM decomposition. I employ this strategy in this
paper.

Now I consider the potential explanations for the falling inequality in Brazil. The most con-
spicuous are increased educational achievement and rising minimum wages. Table 2 shows
the magnitude of those shocks. Panel A displays the average share of adults in each of
three educational groups: less than secondary (that is, a level of achievement lower than
completing high school, or between zero and ten years of schooling), secondary (combin-
ing complete high school and college dropouts, or between 11 and 14 years or schooling);
and tertiary (complete college or more). The pattern is striking: In the span of 14 years,
the share of adults completing high school or further education increases by 20 percentage
points (a 68% increase). This represents the outcome of educational reforms and policies
traceable to the 1980s, including minimum government expenditure requirements on educa-
tion, construction of schools, cash transfers conditional on school enrollment, and vouchers

for tertiary education.

Panel B shows that the minimum wage became more binding over the study period. The
Brazilian national minimum wage increased by 66 log points in real terms (93.7%) between
December 1998 and December 2012, which increased the “bite” of the minimum wage into

the wage distribution regardless of the bindingness metric used. The apparent compression

8The KSS estimate of the correlation between worker and establishment effects is not guaranteed to be
unbiased. In the structural estimation exercise, I target the unbiased covariance estimates rather than the corre-
lations.

9 Alvarez et al. (2018) and Engbom and Moser (2022) also find that establishment effects explain a signifi-
cant fraction of the decline in wage inequality in Brazil. However, they find that the covariance term also falls,
such that there is no increase in measured sorting. The key difference between my approach and theirs is that
whereas my decompositions are performed at the local labor market level, they use national models. National-
level sorting can fall if, for example, gains in educational achievement are stronger in areas with low-wage
firms.
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Table 2: Trends in schooling achievement and minimum wage bindingness

1998 2012
Panel A: Share of adults by education group
Less than secondary 0.699  0.493
Secondary 0.229  0.383
Tertiary 0.072  0.124
Panel B: Minimum wage bindingness
Log minimum wage minus mean log wage -1.418 -0.922
Log minimum wage minus log median wage -1.220 -0.719
Share up to log minimum wage + 0.3 0.086 0.212

Notes: All numbers are averaged over regions using the total number of formal workers in both base years as
weights.

of wage distribution is shown in Appendix Figure D2.

A third factor emphasized in the Brazilian case is labor demand shocks associated with
international trade. During the study period, Brazilian regions were still adapting to the
trade liberalization of the early 1990s, which, according to Dix-Carneiro and Kovak (2017),
had long-lasting impacts. During the 2000s, the “rise of China” led to significant changes
in terms of trade. Costa, Garred and Pessoa (2016) study that shock and also find evidence
of differential labor market impacts at the microregion level. Trade liberalization seemingly

benefitted skilled workers, while the commodities boom benefited unskilled workers.

These transformations are not easily explained using existing quantitative frameworks. One
could be tempted to conclude that rising education and demand for commodities increase the
relative productivity of unskilled workers, while the minimum wage further reduces mark-
downs for unskilled workers and reallocates some of them to high-wage firms (Engbom and
Moser, 2022). But that simple story does account for the fact that sorting is rising. Indeed,
the minimum wage effects just described would imply decreases in sorting. That is the mo-
tivation for building a framework where supply and demand factors affect wages through not

only worker productivity but also firm wage premiums and assortative matching.

4 The task-based production fun