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Abstract

Castro, Pablo; Gonzaga, Gustavo (Advisor). Essays on Labor and De-
velopment Economics. Rio de Janeiro, 2025. 106p. Tese de doutorado
— Departamento de Economia, Pontificia Universidade Catdlica do Rio
de Janeiro.

This dissertation consists of three essays on Labor and Development Econo-
mics. In Chapter 1, I investigate how the mandatory extension of collective bar-
gaining agreements (ultractivity) increased labor unions’ bargaining power and
affected firms’ hiring and firing decisions. Using matched employer-employee
data and information on collective bargaining agreements (CBAs), I exploit vari-
ation in the timing of when a firm becomes subject to an ultractive CBA. I find that
ultractivity reduces hiring, increases separations among high-tenure workers,
and decreases separations among low-tenure workers. To interpret these results,
I develop a framework in which firms anticipate higher adjustment costs under
stronger labor protections and account for the substitutability between workers.
Chapter 2 investigates the long-term effects of slavery on present-day Black ho-
micide and incarceration rates. Using soil suitability for slavery-intensive crops
as an instrument, I show that areas with greater historical slave intensity exhibit
persistently higher levels of violence and incarceration affecting Black individu-
als. In Chapter 3, I apply the methodology proposed by Borusyak, Dix-Carneiro,
and Kovak (2023) to estimate the effects of droughts and labor market changes
on out-migration, focusing on Brazil’s semi-arid region. I adjust local shocks by
comparing them to the average conditions in typical destinations, weighting des-
tination shocks by the share of past migrants from each origin to those areas.
This approach shows that local aridity shocks alone no longer significantly affect
emigration in recent years. However, relative economic conditions across regions

remain a strong predictor of migration flows.

Keywords

Labor Market; Collective Bargaining Agreements; Employment; Sla-

very; Racial Discrimination; Climate shock; Migration.



Resumo

Castro, Pablo; Gonzaga, Gustavo. Ensaios em Economia do Trabalho
e do Desenvolvimento. Rio de Janeiro, 2025. 106p. Tese de Doutorado
— Departamento de Economia, Pontificia Universidade Catdlica do Rio
de Janeiro.

Esta tese consiste em trés ensaios em Economia do Trabalho e do Desenvol-
vimento. No Capitulo 1, investigo como a extensdo obrigatéria da validade dos
acordos coletivos (ultratividade) aumentou o poder de barganha dos sindicatos e
afetou as decisdes das firmas sobre contratagdo e demissao. Utilizando dados em-
parelhados de empregadores e empregados, além de informagdes sobre acordos
coletivos, exploro a variagdo no momento em que uma firma passa a estar sujeita
a um acordo com ultratividade. Encontro que a ultratividade reduz contratagdes,
aumenta demissdes entre trabalhadores com maior tempo de casa e reduz demis-
sOes entre os de menor tempo. Para interpretar esses resultados, desenvolvo um
modelo em que as firmas antecipam maiores custos de ajuste diante de prote¢des
trabalhistas mais rigidas e consideram a substituibilidade entre trabalhadores. O
Capitulo 2 investiga os efeitos de longo prazo da escraviddo sobre as atuais ta-
xas de homicidio e encarceramento da populacdo negra. Utilizando a adequagao
do solo para culturas intensivas em trabalho escravo como variavel instrumen-
tal, mostro que dreas com maior intensidade histdrica de escraviddo apresentam
niveis persistentemente mais altos de violéncia e encarceramento que afetam des-
proporcionalmente a populagao negra. No Capitulo 3, aplico a metodologia pro-
posta por Borusyak, Dix-Carneiro e Kovak (2023) para estimar os efeitos de se-
cas e mudangas no mercado de trabalho sobre a emigragdo, com foco na regido
semiarida do Brasil. Ajusto os choques locais comparando-os a média das condi-
¢Oes observadas nos destinos mais comuns, ponderando os choques nas regides
de destino pela proporcdo de migrantes que sairam de cada municipio de origem
para esses locais. Essa abordagem mostra que os choques locais de aridez, por
si s6, ndo afetam significativamente a emigracdo nos anos mais recentes. No en-
tanto, as condigdes econOmicas relativas entre regides continuam sendo um forte

preditor dos fluxos migratorios.

Palavras-chave

Mercado de Trabalho;  Acordos Coletivos;  Emprego;  Escravidao;
Discriminagdo Racial; Choque climético; Migracao.
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Introduction

This dissertation brings together three essays on Labor and Development
Economics that explore how institutions, history, and shocks influence labor
market and socioeconomic outcomes. While each chapter addresses a distinct
question, all three aim to estimate causal effects using different econometric
approaches and applied microeconomic tools.

The first chapter examines the impact of an increase in labor unions’” bar-
gaining power on firms” employment decisions. I exploit exogenous variation in
the timing of when a firm becomes subject to an ultratividade collective bargain-
ing agreement, a legal change that extended the validity of expired contracts. Us-
ing matched employer-employee data and a staggered difference-in-differences
framework, I find that firms facing ultratividade CBAs reduce hiring and increase
separations among high-tenure workers. The findings are consistent with a dy-
namic model in which firms anticipate rising adjustment costs under stronger la-
bor protections and account for the substitutability between high- and low-tenure

workers.

The second chapter explores the persistent effects of slavery on contem-
porary racial disparities in incarceration and homicides in Brazil. I build a
municipality-level dataset combining 19th-century slavery data with modern
crime and incarceration statistics disaggregated by race. Using an instrumental
variables strategy based on agro-climatic conditions for soil suitability for slave-
intensive crops, I show that regions with higher historical slavery reliance ex-
hibit worse outcomes for Black populations today, measured by higher homicide
rates and incarceration gaps. I provide suggestive evidence that these patterns are
driven by both structural factors (e.g., persistent racial inequality in educational
attainment) and cultural mechanisms, such as greater racial bias among teachers

in areas with higher historical slave shares.

The third chapter studies internal migration responses to aridity shocks and
labor market changes in Brazil’s semi-arid region. I apply the bilateral migration
framework proposed by Borusyak et al. (2022), which models migration as a func-
tion of both origin and destination conditions. Using recent census data, I show
that estimates relying only on local shocks can be misleading, sometimes produc-
ing signs opposite to theoretical expectations. Once I adjust for destination-side
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conditions using shocks weighted by past migration flows, the expected patterns
emerge. Although local aridity shocks no longer significantly affect migration,
likely due to improved climate resilience, relative local economic conditions still
exert a strong effect on retaining population. I also find that structural labor mar-
ket changes, such as income growth, are associated with significant migration

responses.

Taken together, the chapters in this dissertation contribute to a broader un-
derstanding of how labor market institutions, historical legacies, and environ-
mental and economic shocks shape labor and socioeconomic dynamics in devel-
oping countries. The results have implications for the design of labor regulation,
the persistence of racial disparities, and the adaptive capacity of populations fac-

ing climate and economic transitions.



1
Labor Unions, Bargaining Power, and its Effects on Employment

Abstract. This paper studies how firms respond to an increase in labor
union bargaining power. I begin with a simple dynamic model when
firms face tenure-based adjustment costs and anticipate higher future
liabilities. The model predicts that firms respond by adjusting the com-
position of their workforce. I test these predictions exploiting the 2012
introduction of mandatory ultractivity in Brazilian collective bargain-
ing agreements, which extended the terms of expired contracts until a
new one is signed. Using staggered treatment timing and a difference-
in-differences design, I find that firms after exposure to an ultractivity
CBA reduce hiring by 9%, with no change in overall separations. How-
ever, separations rise among high-tenure and production workers and
fall among low-tenure employees. The findings support model’s predic-
tion and suggest that stronger union protections can lead to unintended
firm behavior, with trade-offs between job security and employment op-
portunities.

Keywords: labor unions; collective bargaining agreements; employ-
ment; job turnover.
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1.1
Introduction

How does an increase in labor union bargaining power affect firms” employ-
ment decisions? There is extensive literature examining the role of labor unions
and collective bargaining in wage determination (Freeman & Kleiner, 1990; Far-
ber et al., 2021). However, while unions have been shown to increase wages and
improve working conditions through enhanced amenities (Lagos, 2024), union
actions also affect the expected labor costs for employers, potentially altering hir-

ing and firing decisions and influencing worker turnover.

This paper addresses that question by studying a reform that strengthened
labor unions in Brazil through the introduction of mandatory “ultractivity”, a
rule that extended the terms of expired collective bargaining agreements (CBAs)
until a new one was signed. I estimate the impact of this institutional change
on firms’ hiring and separations behavior. Prior research has struggled to isolate
these effects due to limitations in measuring union power. CBAs provide a clear
and measurable channel through which to examine how enhanced bargaining

power influences labor market outcomes.

To estimate the effects of increased union bargaining power, I exploit vari-
ation in the timing of existing CBAs, as in Biasi & Sarsons (2022). Specifically, I
leverage differences in the timing of a new CBA is signed after the introduction
of mandatory ultractivity. This approach allows me to isolate the effect of the

consolidation of a stronger bargaining instrument on firm responses.

This study takes advantage of a setting of substantial presence of collective
bargaining, Brazil. The Brazilian government systematically records all CBAs in
the Sistema Mediador, with agreements negotiated at the national and regional
levels, complemented by detailed microdata on the formal labor market. Within
this setting, unions and employers negotiate various forms of compensation and

workplace amenities, influencing turnover and expected labor costs.

To guide the empirical analysis, I develop a dynamic model in which
tirms face adjustment costs related to hiring and firing. These costs include
tenure-dependent severance payments, which increase with job tenure due to
stronger worker protections. Additionally, unions negotiate for higher non-wage
benefits and impose greater penalties on dismissals, further raising the cost of
terminating high-tenure employees. When labor unions gain greater bargaining
power, firms anticipate these rising adjustment costs and potential litigation risks,
as unions provide stronger legal support to workers in disputes, while also
consider the degree of substitutability between high- and low-tenure workers.
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As a result, firms can choose to dismiss more productive high-tenure employees
before severance liabilities become too high, especially when these workers are
easily replaced.

Consistent with these predictions, I find that firms exposed to ultractivity
CBAs reduced net employment by decreasing hiring without a corresponding
decrease in overall separations. Hiring fell by 8.9%, this reduction represents 9
fewer hires per year, or 9.5% of the pre-ultractivity baseline hiring average of
93.2 new hires. As the separations remained stable, the turnover rate increased
by 1.8%. These results indicate that stronger union protections led firms to adjust

labor costs primarily through hiring margins.

These aggregate findings on hiring and separations mask important het-
erogeneity across job types. While I find no substantial differences across firm-
level characteristics, the composition of dismissals changes at the worker level:
although there is no significant overall effect on separations, dismissals of high-
tenure workers increase by 5.8%, whereas those of low-tenure workers decrease
by 4.8%. I also find an increase of 2.1% and 4.4% on dismissals of clerical and
production workers, respectively.

My findings are consistent with the model’s predictions. The increase in
dismissals of high-tenure workers aligns with the idea that firms anticipate
future costs. The result on separations of clerical and production workers is
also in line with the model. Using data on task-content of each occupation in
Brazil (Gonzaga & Guanziroli, 2019), clerical and production roles are more
concentrated in routine tasks, which require fewer specialized skills and are

therefore easier to replace.

According to insider-outsider models, high-tenure workers (insiders) ben-
efit from stronger job protections and bargaining power. These models assume
that dismissal costs increase with job tenure and that unions prioritize the in-
terests of incumbent workers, making it more costly for firms to dismiss them
and increasing retention rates (Lindbeck & Snower, 2001). However, my find-
ings show a different pattern in the Brazilian context. In this setting, labor laws
link job tenure directly to higher severance liabilities, meaning that experienced
workers can represent a significant financial burden for firms. To further explore
this mechanism, I analyze changes in CBA clauses following the introduction of

ultractivity.

The mechanism test reveals that after the introduction of ultractivity, CBAs
included significantly more clauses related to non-wage compensation, such
as allowances, and amenities that enhanced workplace conditions. Therefore,

the increase in bargaining power of labor unions increased labor costs for all
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employers. Given that entrants are less productive, these increases in labor costs

lead to a decrease in hiring toward this group.

Related Literature. This paper contributes to the research on job protection and
labor turnover. Existing literature shows ambiguous effects of employment pro-
tection legislation on job creation and destruction, depending on the balance be-
tween dismissal costs and incentives for worker retention (Blanchard & Landier,
2002; Cahuc & Postel-Vinay, 2002; Guell & Mora, 2010). However, this literature
often overlooks how dismissal probabilities change with job tenure. This paper
aligns with Cahuc et al. (2019) and Arnold & Bernstein (2021), who show that
tirms anticipate future firing costs and increase separations earlier as workers ap-
proach tenure thresholds where dismissal costs increase sharply. While Arnold
& Bernstein (2021) focuses on the three-month probationary period in Brazil, my
time frame is closer to Cahuc et al. (2019), analyzing institutional rules that be-
come binding at around two years of tenure. In all three cases, the policy or insti-

tutional environment generates tenure-dependent job protection.

Moreover, both Cahuc et al. (2019) and Arnold & Bernstein (2021) document
asymmetric effects across workers, suggesting that firms substitute between more
and less productive or experienced employees in response to rising labor costs.
Similarly, I examine substitution patterns between low- and high-tenure workers,
focusing on how relative productivity affects firms” employment decisions under

stronger union bargaining power.

This paper and Arnold & Bernstein (2021) share the Brazilian institu-
tional context, contributing to the national literature on labor regulation and job
turnover (Gonzaga, 2003; Carvalho et al., 2018; Gerard & Gonzaga, 2021). While
this literature focuses on regulatory changes, this paper explores the role of labor
unions providing job protection.

Finally, this study contributes to another strand of literature by improving
our understanding of union impacts in developing economies characterized by
strong labor regulations and high unionization rates (Lagos, 2024). Research
on bargaining, compensation, and employment stability (Biasi & Sarsons, 2022;
Farber et al., 2021; DiNardo & Lee, 2004; Samuel Dodini & Willén, 2023; Card
& Cardoso, 2022) often focus on developed economies. This paper examines a
setting with extensive formal labor regulations, and broad collective agreement
coverage, as seen in countries like Brazil, Argentina, and Mexico.

The remainder of the paper is organized as follows. Section 1.2 discusses
the institutional background, describing Brazil’s labor structure and the imple-
mentation of mandatory ultractivity. The theoretical model with the conceptual
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framework is presented in Section 1.3. Section 1.4 presents the data, sample con-
struction, summary statistics, and the empirical strategy, followed by results and
mechanisms in Section 1.5. Section 1.6 concludes. Additional materials are pro-

vided in the Appendix.

1.2
Institutional Background

1.2.1
Outlook

Labor Unions. Labor unions are organizations that represent workers in negoti-
ations with employers. In Brazil, a labor union represents workers from a specific
category, which can be defined by industry or occupation, within a particular geo-
graphic area. Unions typically operate within specific category-geographic units
(hereafter referred to as "category") and follow a hierarchical structure. At the
base of this hierarchy are labor unions, the most granular unit, directly repre-
senting workers within a specific category. A federation is a group of at least five
labor unions within the same category. At a higher level, confederations comprise
at least three federations and operate nationally, they are limited to a single cat-
egory and may represent either workers or employers. Finally, Central Sindical is
the highest level of union representation, providing general representation across
multiple categories. (Oliveira & da Costa, 2023).

Negotiations typically occur between labor unions and employers or be-
tween employer and employee federations, while higher-level organizations pro-
vide guidelines that labor unions follow. For example, as shown in Sharma (2022),
a directive from the Central Sindical CUT to increase female representation led to
more female-friendly agreements negotiated by labor unions. This paper will fo-

cus on labor unions.

A key feature of Brazilian labor unions is unicidade sindical ("single-union
representation rule")!. This rule grants a labor union the exclusive and perpetual
right to represent workers within a specific category (Brazil, 1988, 1943). As
I will detail in Section 1.4, my sample consists of firms that have engaged
in negotiations with labor unions. This structure rules out the possibility of a

I This is somewhat similar to the "exclusive representation" principle in U.S. labor law. Under
the National Labor Relations Act (NLRA); Section 9(a), if a union wins a majority vote in a
workplace, it becomes the sole representative for all workers in the bargaining unit (Congress,

1935). However, unlike in Brazil, unions in the U.S. compete for representation, and workers can
vote to replace their union.
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firm avoiding negotiations after an increase in the union bargaining power or

choosing to negotiate with a different union.

As of 2023, Brazil had 13,026 labor unions and 5,672 employer unions. Half
of the labor unions operate at the municipal level, meaning they represent work-
ers from a specific category within a single municipality (Oliveira & da Costa,
2023).

Collective Bargaining. Collective Bargaining Agreements (CBAs) are the pri-
mary instrument of negotiation between firms and labor unions. CBAs include
various clauses that define rules, working conditions, amenities, and the rights

and responsibilities of both firms and workers.

CBA coverage is universal, meaning that all worker within a specific cate-
gory is represented by the labor unions, regardless of whether these workers are
members or not 2. That is why some researchers and labor leaders often say that
every formal worker in Brazil is represented by a union.

There are two types of CBAs in Brazil. Firm-level agreements, known as
Acordo Coletivo de Trabalho, are negotiated directly between a labor union and
an individual firm. These are the most common form of CBA, accounting for
over 76% of agreements signed between 2007 and 2022. In contrast, sector-
level agreements, or Convengio Coletiva de Trabalho, are negotiated between a
labor union and an employer association, and apply to multiple firms within a
given sector. Although less frequent, sector-level agreements cover a substantially

larger number of workers.

A typical CBA establishes key aspects of the employment relationship. It
defines wages and compensation, including minimum wage floors, overtime
pay, bonuses, and other forms of remuneration. It also regulates shift hours and
work schedules, addressing working hours, flexible arrangements, and limits
on overtime. Health and safety standards, specifying workplace conditions, the
use of protective equipment, and occupational hazards prevention. CBAs also
include provisions on job security and dismissal, such as severance pay and layoff
procedures. Leave policies, covering vacation, maternity and paternity leave.
In addition to these, CBAs outline non-wage benefits, such as meal vouchers,
transportation allowances, and childcare support. Finally, they establish union
rights and representation, including rules on dues, worker representation, and
collective action. Figure 1.B.1 provides examples of CBAs signed in Brazil. CBAs
cannot remain in force for more than two years.

2In Brazil, labor unions membership and contribution were mandatory until the 2017 Labor
Reform.
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Negotiation Process. Until 2017, before the Labor Reform, the negotiation
process was always initiated by the labor union. Prior to a CBA’s expiration, the

labor union had the prerogative to lead negotiations 3.

The negotiation process typically begins with the Assembleia Geral (Gen-
eral Assembly), where union members discuss and approve their pauta de reivin-
dicagoes (list of demands). This document outlines the workers” key demands,

which almost always include expanding or securing new rights 4,

Due to single-union representation rule, labor unions do not compete to
represent the same category of workers. As a result, firms usually negotiate with
a small predefined set of labor unions °. Figure 1.1 illustrates the share of CBAs
renewed each year. The majority of CBAs are renewed, and most are renegotiated

within one month of the previous agreement’s expiration.

Finally, CBAs hold legal force, meaning that once negotiated, their terms
become binding for both employers and workers within the covered category.

1.2.2
Policy Change

Mandatory Ultractivity. Ultractivity refers to the principle that the provisions
of a Collective Bargaining Agreement (CBA) remain in effect even after the
agreement expires, until a new agreement is negotiated. This ensures that all
provisions of an expired CBA would remain valid until renegotiated. Figure 1.2
illustrates how ultractivity works. For example, consider a CBA that includes a

meal voucher benefit:

e Without ultractivity, the benefit expires along with the CBA, and the em-
ployer is not required to continue providing it unless it is explicitly renego-
tiated.

e With ultractivity, the meal voucher remains in effect even after the CBA
expires, ensuring workers continue receiving the benefit until a new agree-

ment is signed.

While some CBAs already included ultractivity as a negotiated feature, in
September 2012, the Tribunal Superior do Trabalho (TST), Brazil’s highest labor

3 A federation could only negotiate in the absence of a labor union for that category within the
territorial jurisdiction.

4 After the 2017 Labor Reform, employers also acquired the right to introduce demands, as the
reform prioritized negotiated agreements over statutory law.

°A firm may have: (i) one labor union if the union represents an industry-wide category; (ii)
multiple labor unions if representation is based on specific occupations within the firm.
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Figure 1.1: Renegotiation Share

Note: This figure shows the proportion of collective bargaining agreements (CBAs)
renewed within two years, distinguishing between all negotiations (All) and those con-
ducted at the firm level (Firm-level). Solid lines represent the overall renewal rates, while
lighter lines indicate firm-level rates. The vertical red line marks the introduction of
mandatory ultractivity. The categories analyzed include: Renewal rate (CBAs renewed
with the same union within two years), No gap (agreements signed without a break longer
than one month), and With gap (agreements signed after a gap exceeding one month).

court, changed its interpretation of CBA expiration rules, imposing mandatory
ultractivity on all CBAs (BRASIL. Tribunal Superior do Trabalho (TST), 2012).
This change was implemented through a revision of Suimula 277, in which the TST
interpretate worker benefits secured through CBAs as an acquired right. Figure

1.B.2 shows the original and revised versions of Sumula 277.

This decision strengthened unions’ bargaining power, as it prevented em-
ployers from rolling back benefits after CBAs expire. Anecdotal evidence sug-
gests that ultractivity benefited labor unions. Labor unions typically initiated de-
mands during the negotiation process, while firms already had little leverage to
reduce benefits even before mandatory ultractivity (Zylberstajn, 2021). With the
new rule, the outside option for unions improved as they no longer risked losing
previous agreements while pushing for additional benefits.

Additionally, employer associations strongly opposed ultractivity (see Fig-
ure 1.3), indicating that they perceived it as a significant shift in bargaining power

toward unions. As I show in section 1.4.2, empirical evidence corroborate with
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Figure 1.2: Ultractivity scheme

CBA1 CBA2

|
|
|
|
|
|
|
!
!
|
|
|
|
|
|
|
|
|
!
!
|
|
|
1

Ultractivity

Note: This figure illustrates the concept of ultractivity in collective bargaining agreements
(CBAs). The horizontal axis represents time, with the "Ultractivity” mark indicating the policy’s
imposition. To the right of this mark, ultractivity is in effect, ensuring that expired agreements
remain valid until renegotiated. To the left, CBAs expire without automatic extension. The
orange and yellow-shaded areas represent active CBAs, while the dashed red lines indicate their
expiration dates. The light orange and light yellow regions denote ultractivity periods, during
which the terms of an expired CBA continue to apply until a new agreement is reached.

this shift in bargaining power, showing that number of clauses in CBAs increased

after the introduction of ultractivity.

This institutional change provides a quasi-natural experiment to estimate
the effects of increasing union bargaining power on firms. However, before
conducting this analysis, it is essential to identify how firms were affected by
this change.

Juridical Discussion. The amended of Siumula 277 did not explicitly define
which firms the mandatory ultractivity rule was applied to (see Figure 1.B.2).
This ambiguity primarily affected the CBAs signed near the time of the legal
transition, as it was unclear whether the rule applied retroactively or only to new
agreements. In judicial decisions, multiple legal principles guide the interpreta-
tion and application of new rules (Delgado, 2020). In this case, two key principles
are particularly relevant. The Principio da Norma Mais Favordvel (Rule of Lenity)
states that in cases of ambiguity, courts should adopt the interpretation most fa-
vorable to workers, ensuring that employee rights are preserved. The Principio da
Seguranga Juridica (Rule of Law) requires courts to ensure stability and predictabil-
ity in legal decisions, avoiding abrupt changes that could create uncertainty for

tirms and employees.

Despite the TST establishing mandatory ultractivity, it did not made any
binding precedent or general guidance on which principle should take place
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Figure 1.3: Relevant events timeline

Ultractivity ADPF/323 ADPF/323 Unconstitutionality of ultractivity

I | I I | I I | I I I I I I |
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

2012: Amendment of Sumula 277 - mandatory ultractivity on Collective Bargaining Agree-
ments (CBAs)

2014: ADPF 323/STF - Employer Association demanded unconstitutionality of ultractivity
2016: ADPF 323 /STF - Brazil’s Supreme Federal Court member suspended Stimula 277
2017: Labor Reform struck down ultractivity

2022: ADPF 323 /STF: Supreme Court declared ultractivity unconstitutional

in applying the rule. As a result, labor courts have handled cases individually,
leading to more than 7,000 appellate decisions on this issue, many of which are
still under adjudication. Figure 1.B.3 shows examples of decisions’ court.

Why does this matter? Understanding how courts interpreted and applied
ultractivity is important because it directly influences the approach to analyz-
ing its effects. If the predominant interpretation followed the Rule of Lenity, then
mandatory ultractivity would have been applied universally to all CBAs, includ-
ing both agreements that had not yet expired and subsequent agreements. Under
this scenario, firms that did not anticipate the extension of their CBAs would
form a natural treatment group, as shown in Figure 1.C.1a, where the extension
of CBAs under ultractivity is represented by lighter shades.

On the other hand, if the Rule of Law prevailed, then previously negotiated
agreements remained valid until their expiration under the legal framework in
place at the time they were signed. Legal certainty ensures that only newly ne-
gotiated CBAs, those signed after the implementation of mandatory ultractivity,
were subject to the new rule. This distinction implies that the timing of treatment
varied across firms, as each company’s first exposure to ultractivity depended on
the expiration and renegotiation timeline of its existing agreement. This created
heterogeneous treatment timing, which the empirical analysis must take into ac-
count. Figure 1.C.1b illustrates this setting, where subscripts ¢ denote different

groups exposed to treatment at different times.

To assess how courts actually applied the new rule, I analyzed TST rulings
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between September 2012 and 2015 © using web scraping techniques on the court’s
official website. Specifically, I examined which of these two legal principles
judges referenced in their decisions. The analysis revealed that most rulings
favored the Principle of Rule of Law (four for each one whose refer to Rule of
Lenity), ensuring that previously negotiated agreements remained in effect rather
than retroactively applying ultractivity to all firms. This legal interpretation was
formally reinforced in 2015, when the TST ruled to modulate the effects of
Sumula 277 (Carneiro, 2018), clarifying that the rule would not apply retroactively.
However, even before this formal clarification, the majority of court decisions had

already followed this reasoning.

Given this juridical context, our empirical approach will exploit variation
in the timing of the first CBA signed after the policy change. This allows us to
identify how firms were affected based on when they first encountered manda-
tory ultractivity. The details of this identification strategy are discussed in Section
1.4.3.

1.3
Conceptual Framework

In this section, I outline a conceptual framework to understand the effects of
an increase of bargaining power of labor unions on firm’s employment decision.
We outline a simple model that frames the empirical results of this paper by
formalizing the interaction between firms and labor unions in determining labor
costs and employment decisions. In the spirit of Lockwood & Manning (1989)
and Lindbeck & Snower (1987), we incorporate adjustment costs and dynamics on

union decisions to reflect hiring and firing expenses.

We assume that firms optimally choose stocks of high-tenure workers (Lp),
low-tenure workers (Ly), and new hires (Lg) in each period ¢, considering adjust-
ment costs, including benefits negotiated with labor unions. In a Nash Bargaining
framework, where union bargaining power () influences outcomes, firms and
unions jointly determine non-wage benefits x(y) and dismissal penalties ¢ (7).
These choices directly influences firms’ labor decisions with g—i >0, g—i > 0.

®Period immediately followed the introduction of ultractivity and preceded the TST’s decision
to modulate the effects of Suimula 277.
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1.3.1
Setup

This section presents the Nash Bargaining framework, which endogenizes
how unions bargaining power shapes key contractual parameters (non-wage
benefits and dismissal penalties) and the firm’s intertemporal optimization prob-

lem.

1.3.1.1
Nash Bargaining Problem.

The labor union and the firm negotiate the trajectories of non-wage benefits
x" and dismissal penalties ¢’ over time. By the Indifference Principle (Cahuc et al.,
2014), firm and labor unions negotiate over non-wage benefits and dismissal

penalties”. The union’s intertemporal utility function is given by:

o0

Vs =Y 8" [a (0(wly) — 0(@)) Ly + 11 (0(w]) — 0(@)) L, + 05! + Aug!Lly + ALg'LL],
i (1.1)

where 6 € (0,1) is the union’s discount factor, capturing its patience in nego-

tiations, v(w) is a concave and crescent function representing the workers’ val-

uation of wages. The parameters vy and -y reflect internal bargaining power,

where high-tenure workers exert more influence than low-tenure workers. Ad-

ditionally, Ay > Ap indicates that high-tenure workers place greater value on

dismissal protection ¢', while 6 represents the importance of non-wage benefits

x! to the union.

Bargaining Problem. The negotiation process determines the optimal paths
{xf, 9"}, by solving:

o0 1=y o gt
max Q) = (2 ;3%) x (2 5%@) : (1.2)
t=0

{x'9'} =0
where 7 represents the union’s bargaining power, 7t the firm'’s profit function and
B € (0,1) the firm’s discount factor.

First-Order Conditions (FOCs). For each period t, the first-order conditions are:

"Firms do not negotiate over wage because in the optimal contract w = @ + x where @ is the
competitive wage.
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on'/ox! | &' [y (@) Ly + 710/ (w} )L + 6]
Y pint Y otok,
ortt /84) O"(AgLy; + ALLY)
(1 ) Elgt + r 251‘05

(1—7)

=0. (1.3)

= 0. (1.4)

Interpretation. Why do x and ¢ increase with ¢? An increase in <y raises the
weight of the union’s utility vg in bargaining, strengthening its influence over
negotiations. As a result, the union prioritizes two key objectives. First, it pushes
for higher non-wage benefits (x! 1), aiming for an immediate improvement
in working conditions. Second, it seeks stronger dismissal protection (¢! 1),
reducing future dismissal risks, particularly for high-tenure workers, as their job
security concerns dominate (A HL )- A simplified closed-form solution is soluted
in Appendix 1.A.

1.3.1.2
Firm Problem

The firm selects Ly, L1, and L to maximize the present value of discounted
profits:

jmax Z B' [F(Ly, L}, LE) — CyLy — C{ LT — CEL: — A(ALY, ALY, Lg, ¢'())]
Lt Lt LL
(1.5)

where B € (0,1) is the firm’s discount factor, F(L%,, L!, LL) represents the firm’s
production function, with aaL_FH > aaTFL > ;TFE, implying that high-tenure workers
are the most productive. Labor costs are given by Ci, = wh, + x'(7), Ct = w! +
x'(y), and CL = wk + x!(y), where wy, wy, and wg represent wages for high-
tenure, low-tenure, and entrant workers, respectively, with wy > wy > wg. The
term x represents non-wage benefits negotiated by the union, which are common
to all workers. Finally, A(ALY,, ALt LL, ¢!(vy)) captures adjustment costs, which
include both fixed costs (covering administrative, legislative, and transition costs
of hiring and firing) and variable costs®. Define AL} = L — L;‘l j = H,L.
Variable costs account for severance liabilities and litigation risks, measured by
¢, both of which increase with worker tenure and union bargaining power.

8To guarantee a unique solution, we assume that the production function F(-) is concave and

the adjustment costs A(-) are convex in AL, and ALy . Also, to avoid separation equilibria where

firms choose only one type of worker, we require a finite substitution elasticity between worker
1

types. For example, a CES production function: F(Ly, Ly, Lg) = (tXH L% +ar Lﬁ +ag L%) 7, o<
1 where p represents the substitution elasticity, and quadratic adjustment costs are sufficient to
ensure unique equilibrium with firms demanding all worker’s types.
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First-Order Conditions: The firm chooses L!;, L}, LL to maximize profit. The
first-order conditions (FOCs) are:

oF (") ey, QA(LL ) | QA(LTL e
oF (- ¢, QALY ¢Y)
= 1.7
From FOC (1.6), we obtain the firm’s trade-off equation:
OF() v 4 OA(L!,¢") | 0A(L™!, 9™
. A — = H, L
aL! (wj +x) aL! TP aL! J
Marginal benefit of ret;irning a j-tenure worker Marginal cost of retai;ring a j-tenure worker

(1.8)

Equation (1.8) shows that firms when deciding whether retain or not a
high- or low-tenure workers it takes account for the future cost of dismiss them.
Additionally, subtracting equation (1.6) for high-tenure from low-tenure show
us that he marginal productivity gap between high- and low-tenure workers
<aaL—FH - a‘%) influences the firm’s choice. If high-tenure workers contribute sig-
nificantly more to output than their low-tenure counterparts, the firm may find it

beneficial to retain them despite their higher costs.

1.3.2
Comparative Statistics

This section examines how optimal labor choices adjust in response to an
increase in unions’ bargaining power. To derive comparative statics and analyze
how the optimal levels of L};, L}, and L} respond to an increase in labor unions’
bargaining power (1 <), I take the total derivative of the first-order conditions
with respect to <, yielding the following system of equations. For clarity, I omit
the time index (f) and denote next-period values with a prime ().

O2F dL* R2F dL;  gx  32A PA d 2A RA do!
H ] ¢+ﬁ 4)

OL%, dy ' Lt aLydl; dy  dy T oLnoy " aLpapdy P \oLpay T aLmog’ dy
(1.9)

aZ_Psz+Z PE AL _dx A PA dg 5 A A d¢
oL? dvy 71 dLrdL; dy ~dy OLpdy 0Lpd¢dy oLpoy  OLpo¢’ dvy
(1.10)



Chapter 1. Labor Unions, Bargaining Power, and its Effects on Employment 28

fﬂﬂg+§: CF L) _dx A PA dy
BL% d’)/ JZE aLEaL]' d")/ N d’y aLEa’)/ 8Lan> d’)/.

(1.11)

Workers with tenure. First, let us analyze the right-hand side of Equations (1.9)
and (1.10). Consider:

d 92A 92A d 92A’ 92A’ dg’
m= S e O ﬁ( T ,

dy = dLjdy aLiaq}E oL;0y aLia¢/E) i=H,L (1.12)

We know by assumption that g" > 0 and d‘P > 0. The term aL a captures
the impact of changes in 7y on marginal ad]ustrnent cost of L;. While an increase
in 7y raises overall adjustment costs for L;, we do not make any priori assump-
tion about its affect on marginal adjustment costs. To proceed, let’s assume that
% > 0, i.e. an increase in 7y does not reduce the marginal adjustment cost
of L;. Additionally, we assume that ¢ (which itself increases with y) amplifies
adjustment costs rather than reducing them, therefore % > 0, ensuring that
higher dismissal penalties further increase adjustment costs. Under these condi-

tions #; > 0. Therefore, analyzing the comparative statistics equation:

aZFde%_ F dLj
aLiz d’)/ i#i aLl’aL]' d’)/

—yp; >0 i=H,L (1.13)

Rearranging, the key equation governing the relationship between labor
union bargaining power and the optimal labor decisions for tenured workers is:
82 F dL

dLj.‘ — Lj#i oL, dL; T

d OF
l aL?

i=HL (1.14)

To analyze the firm’s dynamics between high- and low-tenure workers, con-
sider that high-tenure (Ly) and low-tenure workers (L) are substitutes, imply-
ing % < Oparai,j= H,L. The production function is concave by assumption

(82F
oL?
sen51t1V1ty to union bargaining power. Therefore, the impact of y on labor deci-

2 dL
sions depends on the difference between #; and 2]7&1 ag aFL d’y with the sign of

< 0), and the term #; > 0 captures the effect of adjustment costs and their

aL2 < 0. The analysis will focus
on the effect of y on L}; (i = H), with the effect on L* following analogously.
aZF dL
dLy, TH— Lj#H JL,0L; o

dr)/ 9%F
aL3,

(1.15)
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e High- and low-tenure workers are substitutes and L} increases with -y: in this

case where % > 0 and due to the substitution effect between high- and

92F dL}k . . .
low-tenure workers, the term Z]-#H aLoL; @y is negative. Since 1y > 0,

the effect of adjustment costs will always dominate in this scenario. As a

result, the numerator remains positive regardless of the magnitude of 1p.
dLy, : : : . i

Consequently, Z* < 0, implying that firms will reduce their demand for

high-tenure workers.

o High- and low-tenure workers are substitutes and L} decreases with y: however,
dL
if

w111 depend on the magnitude of 77p:

7y < 0, the effect of increasing labor unions’ bargaining power on L

— Large ny: with iy sufficiently large, it dominates the numerator, mak-
ing it positive, which implies that dL o< Q. Consequently, an increase
in union bargaining power reduces the employment of both high- and
low- tenure workers.

— Small n: when 7y is not sufficiently large and L} decreases with 1, the
response of L7; depends on the interaction with other labor inputs. If
the substitution effect does not outweigh adjustment costs, the term

YitH aLBESL Zﬁ; remains small, ensuring that #y dominates and L;

remains negative but with a smaller magnitude. On the other hand,

if substitution effects between worker types are too strong and L}

82

decreases with v, then the term Z#H Ly0L; d7

becomes positive. If

this term is larger than #p, then d;f > 0.

A large 17 H is possible when adjustment costs increase substantially with v,

particularly if 5 L a 5 or az ‘3 5 are large. When firms have a high discount factor g,

the present value of future adjustment costs increases, intensifying the incentive

to reduce L7;.

To summarize, we observe a dynamic effect where changes in L}; depend on
L7 and vice versa. In all cases, an increase in union bargaining power leads firms
to either reduce employment of both high- and low-tenure workers or substitute
one group for the other. In the case of substitution, firms evaluate adjustment
costs 7y and #r. Under standard substitutability conditions between Ly and Lj,
we typically have ng > 5 implying that d; < dLL . However, if Ly and L are
highly substitutable, this condition does not necessarlly hold.

Entrants. Rearranging Equation (1.11) we have:
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2A RA dgp o2r 4L
dLy _ iy T otor + atpopdy — Lj£E LEL; T
T . (1.16)

oLZ
Due to the concavity of F(-), the sign of ddif will be the opposite of the
numerator. Therefore, if an increase in union bargaining power raises non-wage
benefits or marginal adjustment costs, such as training or hiring costs, more than
the interactive productivity between new entrants and incumbent workers, or

if new entrants and incumbent workers are substitutes (Z]-# E % < 0), then
dL:
dy
highly complementary to tenured workers, then —£ d E > 0, increasing new hiring.

< 0, leading firms to hire fewer workers. Conversely, if new entrants are

To conclude this analysis, I made assumptlons about other types of workers
to understand how labor demand in one group changes when union bargaining
power increases. However, as shown in Appendix 1.A, I can avoid those assump-
tions by solving a matrix system that isolates the derivative of labor demand with
respect to y. The next section presents the data and empirical strategy used to es-

timate the main results.

1.4
Data and Sample Construction

This study relies on two primary data sources: Relagio Annual de Informagoes
Sociais (RAIS) and Sistema Mediador. Below, 1 describe these datasets, the data
construction process, and key descriptive statistics.

RAIS. A comprehensive administrative dataset containing matched employer-
employee records. RAIS covers the universe of formal labor contracts in Brazil.
Employers are required to submit annual information about all formal workers
to the federal government. Firms are uniquely identified through their CNPJ
(Cadastro Nacional da Pessoa Juridica), enabling over-time tracking and match with
other datasets.

The dataset includes key variables such as hiring and separation counts,
wages, and establishment characteristics (e.g. municipality and industry). Using
the worker-level data, I constructed firm-level variables, including workers char-
acteristics (e.g., tenure, education level). The analysis focuses on data from 2009
to 2016, a period that captures the policy changes discussed in previous sections.
Post-2016 data were excluded due to uncertainties regarding policy implementa-

tion and effectiveness.
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Sistema Mediador. Dataset that contains all registered collective bargaining
agreements (CBAs) negotiated between firms and labor unions in Brazil. These
agreements include detailed information about negotiated clauses, such as wage
floors, maternity leave, and work shifts. Each CBA identifies the negotiating
counterparts through their unique CNP]J, enabling matching with RAIS.

The clauses in the CBAs were pre-classified into categories by Lagos (2024),
who provided the data, allowing for detailed analysis of the contractual terms.
Key variables include the start and expiration dates of agreements, geographic
coverage, and classifications of negotiated clauses.

Other data sources. Information on judicial decisions comes from the TST ju-
risprudence database, which includes all rulings by Brazil’s highest labor court.
These rulings establish precedents that guide lower courts decisions. This infor-
mation allows interpretation of the prevailing legal direction, whether Rule of
Law or Rule of Lenity, on disputes regarding the validity of collective bargain-
ing agreements (see 1.2.2). I also use a task-based classification proposed by Rei-
jnders & de Vries (2017) mapped with the Brazilian occupational classification,
along with data on the proportion of tasks performed in each occupation from
Gonzaga & Guanziroli (2019).

1.4.1
Sample Construction

The main sample comprises approximately 20,423 establishments covering
from 2009 to 2016. As shown in Figure 1.4, the final sample covers about 6%
of workers and less than 1% of establishments. The sample was constructed to
ensure that it includes establishments actively engaged in firm-level negotiations,
whose bargaining behavior remained unchanged following the introduction of
ultractivity. Additionally, I ensured that the analysis focuses on negotiations
between establishments and labor unions, rather than higher-level agreements
involving employer associations negotiating on behalf of multiple firms. As
shown in Section 1.2.1, sector-level agreements cover the majority of workers.

The sample construction process involved the following steps:
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Figure 1.4: Final Sample Coverage

(a) Over time

Note: This graph shows the percentage of the total number of firms and active workers in
Brazil covered by the final sample of this paper over time. It was constructed by dividing the total
number of employers and active workers in each year in the final sample by the total number of
employers and active workers reported in RAIS.

(b) Regional distribution - Firms (c) Regional Distribution - Workers

Note: The maps above show the regional distribution of how much the final sample
represents the total number of firms and active workers in Brazil. They were constructed by
dividing the average number of firms and workers in the final sample between 2009 and 2016

by the average total number of firms and workers in the country.

1. Selection of establishments: Using RAIS dataset, I selected establishments
active from 2006 to 2016. These firms were then merged with CBA dataset
using the unique identifier CNPYJ.

2. Inclusion criteria: Only establishments with at least one CBA before and
after imposition of ultractivity were included. I kept only establishment-

level CBAs and dropped sector-level agreements.

3. Balanced Panel Construction: I included only establishments present in all
years, resulting in a balanced panel of establishment-year observations for

firms engaged in negotiations with labor unions.
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To analyze worker heterogeneity, I aggregated vinculo-level data from RAIS
to the establishment level. This process utilized detailed worker data on wages,
hiring, and separations, segmented by education level, occupation, and tenure.
This resulting in a dataset that includes a baseline panel of establishment-level

information on wages, workforce flows, and amenity clauses.

1.4.2
Descriptive Statistics

In this section, I present general descriptive statistics on collective bargain-
ing agreements for the universe of firm-level CBAs, along with firm characteris-

tics and labor market outcomes for the final sample.

Table 1.1 summarizes key statistics of firm-level CBAs between 2009 and
2016, including the number of contracts, contract size, contract length, and other
relevant aspects. The results indicate an increase in the average number of new
CBAs per month and the number of clauses (contract size) by CBA after the
introduction of ultractivity. This results suggest that agreements became more
detailed or included additional provisions, aligning with the hypothesis that the
introduction of ultractivity increased the bargaining power of labor unions. The
number of firms negotiating a CBA also increased from 1.3 to 1.7 on average per
month, indicating that labor unions became more active in securing firm-level

CBAs after the policy change.
Interestingly, the data suggests that the policy did not affect the length of

agreements, as there were no significant changes in negotiation time or contract
duration. This suggests that while ultractivity influenced the volume and content
of CBAs, it did not alter the overall bargaining process. These descriptive statis-
tics provide initial evidence that the key features of CBAs expanded after the
policy change, without modifying the fundamental structure of negotiations. As
discussed in the previous section, this is relevant for sample selection, as I rely on
tirms engaged in firm-level agreements before and after ultractivity. This suggests
that firms did not alter their behavior by avoiding or postponing negotiations in
response to the policy change.
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Table 1.1: Descriptive Statistics before and after ultractivity (September 2012) -
CBAs

Variable Mean Before Mean After P-Value
Average number of CBAs signed per month 4,559 6,583 —
Average number of clauses per CBA 19.91 20.52 0.0000
Average number of unique firms per month 1,299 1,695 —
Average contract duration (days) 397.59 397.61 0.9707

Note: This table compares variables before and after the policy change in September 2012,
including a t-test to assess statistically significant differences. The p-value indicates whether the
difference between periods is significant. The average number of clauses per CBA increased
significantly (p-value < 0.05), while average contract duration remained virtually unchanged (p-
value = 0.97). Statistics for negotiation time could not be calculated due to missing data.

Figure 1.5 compares the behavior of several types of firm-level clauses
before and after ultractivity using a simple model that includes employer-union
pair fixed effects. Panel 1.5a shows that after ultractivity, the number of clauses
increased without a corresponding increase in the number of labor unions. Panel
1.5b explores different types of CBAs, showing that the increase in clauses was
primarily driven by those related to employer payments. As discussed in Section
1.3 and 1.5.3, this resulted in a higher expected cost per worker for employers
and an increase in the perceived risk of liability processes from workers more
protected by unions.
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Figure 1.5: Effect on the number of clauses after ultractivity.

(a) Increase in number of clauses without altering CBA negotiation process

(b) Increase in clauses that raised expected worker costs for employers

Note: Model specification: y; = a + B (AfterTreated); + v; + ¢;, where y; are the
outcomes and AfterTreated; is a dummy that indicates periods after treatment

time.

A potential concern is whether firms changed their negotiation behavior
with labor unions following the imposition of ultractivity on CBAs. As shown in
Figure 1.1, the pattern of CBA renewals did not change after the introduction of
ultractivity. Since the sample includes only firms with at least one CBA before
and one after the policy change, my sample restriction ensures that most firms

are captured within the renewed agreements represented in this figure.

Finally, Table 1.2 presents summary statistics for the main sample con-
structed in Section 1.4.1. Since we do not have a natural control group, I report
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the means of the variables during the baseline period, a period before treatment.

In the next section, I outline the empirical strategy before presenting the results.

Table 1.2: Descriptive Statistics - Final Sample

Variable Mean Std. Dew.
Firm size (active contracts)  233.48 866.66
Hiring 93.21 399.38
Separations 88.02 376.61
Average wage 1,700.87  1,650.73
Share of male workers 0.63 0.29
Tenure (months) 44.65 34.50
Up to 24 years-old 0.19 0.16
25-35 years-old 0.39 0.17
36-50 years-old 0.30 0.16
50 years and older 0.12 0.14

Note: This table presents descriptive statistics on firm outcomes for the final sample. The
mean and standard deviation are calculated for the baseline period, defined as one year before
treatment.

1.4.3
Empirical Strategy

Starting from the premise that the policy change introducing mandatory
ultractivity increased union bargaining power, I examine how firms responded
to this shift. Even though I leverage the same exogenous variation as Lagos
(2024), my approach differ in key aspects. Lagos analyzes how firms reacted to the
increase in unions’ bargaining power during the negotiation process, defining as
treated firms those that had a CBA signed before September 2012 but expiring
afterward. In contrast, my analysis focuses on the effect of ultractivity itself,
rather than on the negotiation period, but on the direct impact of an active

ultractivity CBA on firm outcomes.

As discussed in Section 1.2.2, most court decisions pointed to the Rule of
Law principle. Therefore, my identification strategy relies on variation in the
timing at which firms were definitively subject to an ultractivity CBA. This
approach also rules out possible concerns about delays in judicial rulings, since
court decisions can take a long time, and what matters is how firms adapted to the
new rule in real time. By focusing on the moment when a firm faces an ultractivity
CBA in effect, I ensure that the treatment definition captures the consolidation
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shift in bargaining power, rather than a possible legal uncertainty.

Thus, I define the treatment event as the first CBA signed after the imple-
mentation of mandatory ultractivity in September 2012. I exploit variation in
treatment timing, based on the premise that negotiations tend to occur contin-
uously, always initiated by unions. Additionally, I assume that the difference be-
tween a firm’s last CBA expiration date and September 2012 is exogenous, given
that the policy change was abrupt and externally imposed, as showed by Lagos
(2024).

1.4.3.1
Identification

To estimate the effect of mandatory ultractivity CBAs on firm outcomes, I
adopt a difference-in-differences (DiD) estimator with staggered adoption, fol-
lowing the framework of Callaway & Sant’Anna (2021). A key challenge in this
setting is the lack of a natural control group, as all firms eventually experience
an ultractivity CBA at different points in time. To address this, I define firms that
have not yet encountered an ultractivity CBA as the control group at each point
in time.

This estimator accounts for treatment effect heterogeneity across firms,
allowing for differences in when each firm first faces an active ultractivity CBA.
Instead of assuming a homogeneous treatment effect, this approach compares
tirms treated at different times while leveraging variation in treatment timing to

construct valid counterfactuals.

Following Sun & Abraham (2021) and Roth et al. (2022), I estimate group-
time average treatment effects (ATTy ), where firms treated in a given period
are compared to firms that have not yet been treated. The estimator follows the

general structure:

ATTq = E[Yg (1) — Yg(0) | G = g] (1.17)

where Yq (1) represents the outcome for firms treated in period g at time
t, and Y;(0) represents the counterfactual outcome if they had not yet been
treated. Given that treatment is irreversible, once a firm signs an ultractivity CBA,
it remains in the treated group.

I define the treatment variable as a discrete indicator that takes the value of

one when a firm first encounters an active ultractivity CBA after their obligation

The especification follows:



Chapter 1. Labor Unions, Bargaining Power, and its Effects on Employment 38

Yy = Y PBcTreat;- I(t — Treat = T) + aX;; + 0; + 0 + € (1.18)
T#£—-1

where Y;; denotes firm-level outcomes (e.g., hiring or separations), Treat; -
I(t — Treat = T) is an event-time indicator equal to one if firm j is T periods
away from experiencing its first CBA under ultractivity at time ¢, X; ; is a vector
of time-varying firm-level controls, including firm size and fixed effects for the
educational composition of the workforce. [ include firm fixed effects 6; and time
fixed effects 6;, to account for unobserved heterogeneity and time trends. €jtisan

idiosyncratic error term. Standard errors are clustered at the firm level.

Finally, I conduct robustness checks, including pre-trend tests and alterna-

tive specifications. The details of these tests are discussed in Appendix 1.D.

1.5
Results

In this section, I present the effects of the increase in the bargaining power
of labor unions, consolidated by the imposition of ultractivity on CBAs, on the
labor market outcomes. The sample is restricted to firms engaged in firm-level
negotiations with unions. Therefore, these results reflect the impact on firms that
were not represented by an employer association but instead negotiated directly

with labor unions. All outcomes are measured on an annual basis.

1.5.1
General Results

Figure 1.6 presents the estimated dynamic effects of treatment on firm
turnover. The aggregate effect, shown in the upper left box, shows a marginally
significant increase in turnover. Specifically, firms subject to a new CBA under
ultractivity experienced an average increase in turnover rate of approximately
0.018 log points (or 1.8%). Turnover rate is defined as the sum of hires and
separations divided by the total number of active contracts at the firm-year level.
In the following, I explore the components driving this increase.
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Figure 1.6: Effects on Turnover (ihs)

Note: This figure displays event-study estimates of the effect of CBA renewals under ultra-
ctivity on Turnover, using the inverse hyperbolic sine (IHS) transformation. Each dot represents
the estimated average treatment effect on the treated (ATT) for a given event time, with 95% confi-
dence intervals shown. The shaded box in the upper left corner reports the average post-treatment
ATT, its standard error (SE), and the corresponding confidence interval. Turnover was calculated
by the sum of hiring and separations divided by the total of active contracts by year per firm.

Figure 1.7 displays the effect of ultractivity on hiring. Pre-treatment, the
estimated coefficients are statistically equal to zero, supporting the assumption
of parallel trends. Post-treatment, treated firms exhibit a significant decline in
hiring. The estimated average treatment effect on the treated (ATT) is —0.089 log
points, corresponding to an 8.9% reduction relative to the control group (firms
not treated yet). Given a baseline mean of 93 new hires per year (Table 1.2), this
result implies that, on average, treated firms hired approximately 8 to 9 fewer
workers annually after facing its first ultractive CBA. This decline is consistent
with the model’s prediction: increased bargaining power raises adjustment costs,

reducing hiring.
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Figure 1.7: Effects on Hiring (ihs)

Note: This figure displays event-study estimates of the effect of CBA renewals under
ultractivity on Hiring, using the inverse hyperbolic sine (IHS) transformation. The vertical line
at t = 0 marks the CBA renewal date. Each point reflects the estimated average treatment effect
on the treated (ATT) at a given event time. Confidence intervals at the 95% level are shown.

In contrast, Figure 1.8 shows no statistically significant effect on separations.
The point estimates remain close to zero throughout the post-treatment period,
suggesting that firms did not respond to increased union bargaining power
by increasing dismissals, on average, in the short run. Rather, the observed
adjustment appears to operate primarily through reductions in hiring. However,
in the next section we show that there are differences in dismissal paths by

worker’s job tenure.
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Figure 1.8: Effects on Layoffs (ihs)

Note: This figure displays event-study estimates of the effect of CBA renewals under
ultractivity on Separations, using the inverse hyperbolic sine (IHS) transformation. Each dot
represents the estimated average treatment effect on the treated (ATT) for a given event time,
with 95% confidence intervals shown. The shaded box in the upper left corner reports the average
post-treatment ATT, its standard error (SE), and the corresponding confidence interval.

Figure 1.9 presents the effects on wages. I separate wages for new entrants
and incumbents to examine whether the policy had any impact on either group.
The estimates show no significant effects in either case. The next section explores

heterogeneity in the main results.

Figure 1.9: Effects on Wages (log)

(a) New entrants (b) Incumbents

Note: This figure displays event-study estimates of the effect of CBA renewals under
ultractivity on log wages. Panel (a) shows effects for new entrants, and panel (b) for incumbent
workers. Each point represents the estimated average treatment effect on the treated (ATT) at each

event time, with 95% confidence intervals.
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1.5.2
Heterogeneity

This section investigates heterogeneity in treatment effects across worker
and firm types. As discussed in the conceptual framework (Section 1.3), changes
in firm’s composition are likely to vary by job tenure when union bargaining
power increases non-wage benefits and adjustment costs. I begin by exploring

heterogeneity across workers.

Worker-Level Heterogeneity. While the overall effect on separations is not sta-
tistically significant, Figure 1.10 shows heterogeneity across workers with dif-
ferent tenure levels. After the introduction of ultractivity, separations decreased
among low-tenure workers but increased among high-tenure employees. Table
1.3 shows that both the magnitude and the statistical significance of the treatment

effect increase with tenure.
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Figure 1.10: Effects on Separations by Tenure Group (ihs)

(a) Tenure up to 3 months (b) Tenure 3—6 months

(c) Tenure 6-12 months

(d) Tenure 12-24 months (e) Tenure 24 months or more

Note: This figure displays event-study estimates of the effect of CBA renewals under
ultractivity on Separations, using the inverse hyperbolic sine (IHS) transformation. Each panel
reports results separately for different tenure groups, as indicated in the titles. Each dot represents
the estimated average treatment effect on the treated (ATT) for a given event time, with 95%
confidence intervals shown.

This result suggests that firms responded to increased union bargaining
power by dismissing older, more protected employees, while retaining newer
hires. This finding is in line with the model’s predictions in Section 1.3 where

high- and low-tenure workers are substitutes and dismissal costs increase with
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tenure, especially under anticipatory behavior by firms in avoiding of future
liabilities.

Table 1.3: Effect of Treatment on Separations by Tenure Group (IHS)

Tenure Group ATT SE

Up to 3 months -0.0478***  (0.0187)
3 to 6 months -0.0179  (0.0190)
6 to 12 months -0.0116  (0.0194)
12 to 24 months 0.0308 (0.0191)

24 months or more  0.0592***  (0.0186)

Notes: This table reports the average treatment ef-
fect on separations (inverse hyperbolic sine transfor-
mation), by tenure group. Standard errors in paren-
theses. *p < 0.1, ***p < 0.01.

To further examine this mechanism, I investigate whether separations vary
by occupations that differ in substitutability. I adopt the occupational classifica-
tion proposed by Reijnders & de Vries (2017) and used by Acemoglu & Autor
(2011), which classifies occupations into three wage-based categories: (i) high-
wage level: managerial and professional jobs; (ii) middle-wage level: clerical
(supportive activities) and production (craft and machine operators); and (iii)

low-wage level: sales and services.

Table 1.4 presents the estimated effects on hiring and separations by occu-
pational group. As expected, I find no significant effects on separations for high-
wage workers, who are more difficult to replace due to their specialized human
capital. In contrast, separations increase significantly in clerical and production
occupations. Hiring declines across most occupational categories. Appendix 1.D
provides evidence supporting the parallel trends assumption for each occupation
group included in the analysis.

To explore substitutability among workers, I use the task-content data con-
structed by Gonzaga & Guanziroli (2019), based on the classification of Spitz-
Oener (2006). Table 1.5 reports the average proportion of tasks by occupation.
Clerical and production occupations are involved with more routine tasks, which

are less specialized and thus easier to substitute.

These findings are consistent with the model’s predictions. I find that layoffs
increased among workers in occupations characterized by lower specialization
and higher substitutability: clerical and production jobs. These occupations fall
within the middle-wage tier, meaning they are costly enough for firms to care
about rising adjustment costs, while still replaceable enough for firms to dismiss
them. Importantly, if substitutability alone were driving the results, we would
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Table 1.4: Effect of Treatment on Hiring and Separations by Occupation (IHS)

Occupation  Hiring Separations
Managerial -0.001 0.001
(0.001) (0.001)
Professional -0.038"** 0.011
(0.015) (0.015)
Clerical -0.047*** 0.021***
(0.016) (0.015)
Production  -0.038*** 0.044***
(0.019) (0.016)
Sale -0.014*** -0.008
(0.008) (0.010)
Services -0.020%** 0.003
(0.015) (0.014)
Farming -0.006 -0.005
(0.008) (0.007)

Notes: This table reports the average treatment
effect on hiring and separations (IHS transfor-
mation) by occupation group. Standard errors
are reported in parentheses below each coeffi-
cient. *p < 0.1, ***p < 0.01.

Table 1.5: Task Composition by Occupational Group

Tasks

Occupational Non-Routine Routine Non-Routine
Group Analytic Interactive Cognitive Manual Manual
Managerial 0.365 0.561 0.074 0.000 0.000
Professional 0.336 0.312 0.291 0.057 0.004
Clerical 0.091 0.221 0.545 0.138 0.005
Production 0.083 0.051 0.306 0.521 0.039
Sale 0.055 0.354 0.437 0.142 0.013

Note: Each value represents the average share of a given task type across all CBO-4
occupations classified within each occupational group. Task proportions are based on a content
analysis of CBO occupation descriptions, following the methodology of Gonzaga and Guanziroli
(2019). The mapping between CBO-2002 and ISCO-88 groups is based on the classification

provided by Reijnders and de Vries.
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Table 1.6: Heterogeneous Effects by Firm Size (# Active Contracts)

ATT SE 95% Conf. Interval Quantile

Panel A: Separations

Below median 0.0197  0.0265 -0.0323  0.0717 42
Above median 0.0232  0.0252 -0.0262  0.0726 42
Above percentile 75  0.0210  0.0339 -0.0454  0.0874 143
Above percentile 90  -0.0564  0.0550 -0.1642  0.0515 452
Panel B: Hiring

Below median -0.0865*** 0.0302 -0.1456  -0.0273 42
Above median -0.0758*** 0.0278 -0.1302  -0.0214 42
Above percentile 75  -0.0739*  0.0383 -0.1489  0.0011 143
Above percentile 90  -0.0994*  0.0527 -0.2028  0.0040 452

Note: This table reports heterogeneous treatment effects by firm size, measured by the
number of active contracts. Quantiles are defined from the distribution of firm size in the baseline
period. Results are shown for hiring and separations without due cause. Standard errors are
clustered at the firm level. *p < 0.1, ***p < 0.01.

expect similar effects for less-specialization workers in sales and services. The
absence of significant effects in that group reinforces the role of adjustment costs,
specifically, firms anticipate future dismissal-related liabilities. As predicted by
the model, it is the interaction between substitution potential and adjustment

costs that shapes firm responses.

These results contrast with the static insider—outsider framework of Lind-
beck & Snower (1988), which assumes that firms differentiate between insiders
(established employees with strong bargaining positions) and outsiders (new
hires or temporary workers). This model predicts the insiders secure job pro-
tections through union power, making them less likely to be dismissed. While
the insider—outsider theory predicts higher retention of tenured workers un-
der stronger union regimes (Lindbeck & Snower, 2001), it does not account for
forward-looking behavior by the firms. By adding anticipation into a dynamic
framework, the model developed in Section 1.3 better captures firms” incentives
to reduce exposure to future liabilities, offering a more complete explanation of

the empirical patterns.

Firm-Level Heterogeneity. Table 1.6 shows that hiring decreases across all firm
size groups, while separations remain statistically indistinguishable from zero.
The magnitude of the effect on hiring is slightly larger among smaller firms,
although statistically similar across the distribution. In contrast, separations do
not display a clear pattern by size.
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Table 1.7: Heterogeneous Effects by Time Since Last Negotiation

ATT SE 95% Conf. Interval

Panel A: Separations (no due cause)

1 year -0.0310  0.0190 -0.0683  0.0063
2 years -0.0200  0.0281 -0.0751  0.0351
3+years 0.0521*  0.0289 -0.0006  0.1049

Panel B: Hiring

lyear  -0.0454"** 0.0183 -0.0812  -0.0095
2 years 0.0094  0.0270 -0.0435  0.0622
3+years -0.0488* 0.0286 -0.1048  0.0072

Note: This table reports heterogeneous effects by the time elapsed since the firm’s last
negotiation (start date of the last collective bargaining agreement). Categories are defined as the
number of years since the previous agreement before treatment. Results are shown for hiring
and separations without due cause. Standard errors are clustered at the firm level. *p < 0.1,
**p < 0.01.

Table 1.7 explores heterogeneity by time since last negotiation (start date
of the last CBA signed before treated). Firms that had negotiated one year prior
show a drop in hiring and decline in separations. Those with more time since
their last agreement show no significant effect in hiring but a moderate rise in
separations. Overall, heterogeneity at the firm level appears limited, with most of
the variation concentrated in worker characteristics, as explored in the previous

subsection.

1.5.3
Mechanisms

Table 1.8 presents the estimated effect of treatment on the share of specific
clause types in collective bargaining agreements (CBAs). The outcomes measure
the proportion of clauses in each category relative to the total number of clauses.
Because firms do not negotiate a new agreement every year, I impute zero for
years without a new CBA and estimate the average treatment effect. The results
show that following the first CBA under ultractivity, agreements become denser
and more concentrated on provisions that raise labor costs. The largest effects are
found in clauses related to salary (4.9 percentage points), allowances and bonuses
(4.6 p.p.), and shift and rest rules (14 p.p.).

As shown in Sections 1.3, stronger union bargaining power raises expected
labor and adjustment costs. The increase in separations among more experienced
and production workers illustrates one of the underlying mechanisms: firms

anticipate the cost of future dismissals. A second mechanism, more difficult
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Table 1.8: Average Treatment Effect on the Share of Specific Contract Clauses

Clause Type ATT SE

Salary 0.049***  (0.002)
Bonus 0.007***  (0.000)
Shift Premium 0.016"** (0.001)
Allowances 0.046***  (0.002)
Separation Rules 0.010***  (0.001)

Part-time Work Rules  0.001***  (0.000)
Specific Groups Rules  0.009***  (0.000)

Staff Rules 0.007***  (0.001)
Task Assignments 0.007***  (0.001)
Protections 0.008***  (0.000)

Rest Between Shifts 0.140***  (0.004)
Workplace Conditions 0.010***  (0.001)
Vacations 0.004***  (0.000)
Leave Rules 0.002***  (0.000)

Notes: Outcomes represent the share of clauses of a
given type over the total number of clauses in collec-
tive agreements. Years without observed agreements
are coded as zero. Standard errors in parentheses.
*p < 0.1, **p < 0.01.

to quantify, involves changes in the legal environment. As workers feel more
protected by union legal support, the perceived risk of labor litigation increases.
This legal risk amplifies the implicit cost of retention for firms. While it would
be ideal to test whether labor lawsuits increased after ultractivity, such analysis
is limited by the decentralized nature of Brazil’s labor courts, where workers file
cases locally and court data is not centrally consolidated.

1.5.4
Robustness checks

Finally, I conduct several robustness checks to validate the main results in
this section.

Alternative outcome measure: Figure 1.D.1 replicates the main event study us-
ing the share of hires and separations over the total of active contracts, rather
than the inverse hyperbolic sine (ihs) transformation. The results remain consis-
tent with the baseline specification. In fact, we observe a positive overall effect on
separations, reinforcing the the results presented at the worker-level heterogene-

ity.
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Other estimators: To reinforce the main results obtained using the Callaway
& Sant’Anna (2021) method, I estimate treatment effects with two alternative
approaches. Figures 1.D.2 and 1.D.3 show the results. First, following Sun &
Abraham (2021), I use the last treated group, which serves as the control group
for all cohorts in the main specification, as the control group. Then, using the
same sample, I estimate a canonical two-way fixed effects (TWFE) model. Both
approaches yield results that are consistent with the main estimates.

1.6
Concluding Remarks

This paper investigates how an exogenous increase in union bargaining
power, caused by the introduction of mandatory ultractivity in collective bar-
gaining agreements, affects firms” employment decisions. Using variation in the
timing of when firms first face an ultractivity CBA and applying a dynamic
difference-in-differences framework, I find that treated firms reduce hiring sig-
nificantly, by around 9%, while total separations remain unchanged on average.
However, this average hides important differences across worker types: separa-
tions increase among high-tenure and production workers, and decrease among

low-tenure workers.

These results are consistent with a mechanism where stronger union bar-
gaining power increases expected labor costs through more generous non-wage
benefits and higher anticipated severance liabilities. As these costs grow with
tenure, firms respond by acting early, laying off workers who could become too
expensive to dismiss later. This behavior is in line with the model developed in
the paper, where adjustment costs and worker tenure jointly influence employ-
ment decisions. The model predicts that firms will anticipate rising dismissal
costs and reduce their exposure by dismissing workers with higher expected lia-

bilities, especially those in less specialized or more substitutable roles.

The analysis also faces important limitations. The collective bargaining
agreement (CBA) database does not report the specific occupation or worker’s
profile covered by each agreement, limiting the ability to identify exactly which
group of workers are most affected by negotiated clauses. Additionally, the
decentralized nature of Brazil's labor courts makes it difficult to observe changes
in the volume or nature of labor disputes (“processos trabalhistas”) across treated

firms.

The findings of the study have potential implications for labor policy in con-

texts with widespread collective bargaining. Although ultractivity can increase
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worker protections and improve institutional stability in negotiations, it may also
create unintended incentives for firms to avoid future liabilities by reducing hir-
ing and substituting away from experienced workers. This trade-off are impor-
tant to consider when designing labor institutions in environments where unions

play a central role in wage and benefit setting.



Appendices

1.A
Conceptual Framework

1.A1
A simplified closed-form solution for the Bargaining Problem Example

To derive a closed-form solution, we simplify the model by considering the
bargaining problem in Equation (1.2) as static. Applying the logarithm and taking

the first-order conditions, we obtain:
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the first-order conditions to hold (dvg/d¢p =
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dvg/dx = AHLHU—JSFALLL — 0), the denominators vg must diverge to infinity.
However, since vg is bounded by the concave function v(-) (diminishing

marginal utility of wages and benefits), the only way to maximize vg while

satisfying the FOCs is to increase x and ¢ (dvs/d¢ — 0 and dvg/dx — 0 then

¢ and x are maximized).

1.A.2
Comparative Statistics in Matrix Form

From equation 1.16 define 17 = g—fy + aifgﬂr + ai‘%g—i

and 1.16 we obtain the matrix form for the optimal labor demand as:

. Using equations 1.14
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The system can be written as:

q=A-q+7y
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Therefore, we can isolate q' and obtain:

q—A-q=91 = (I-A)-q=17 = q=(1-A)ly

a closed-form solution for the variation in labor demand resulting from an
increase in bargaining power without requiring any other assumptions about the

behavior of other types of labor demand.
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1.B
Documents

Figure 1.B.1: Collective Bargaining Agreement (CBA) - examples

MAO-DE-OBRA FEMININA

CLAUSULA DECIMA QUARTA - TESTE DE GRAVIDEZ

TESTE DE GRAVIDEZ

Aempresa ndo exige teste de gravidez 4s mulheres trabalhadoras por ocasifo da admisso.

Pregnancy Test Clause: Companies Retirement Job Security: Employees
cannot require pregnancy tests during close to retirement receive employment

hiring process. protection.

Female Workforce Incentive: Employ- Advance Notice Rules: Restrictions on
ers should promote gender diversity employment contract changes and no-

and female career growth. tice period exemptions.
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Figure 1.B.2: Original and Revised text - Sumula 277

e Original text: "As condi¢des de trabalho alcancadas por forca de sentenca
normativa vigoram no prazo assinado, ndo integrando, de forma definitiva,
os contratos.”

e Revised text:

Note: Translation of highlighted segments in the image:
VII - Amend the wording of Stimula No. 277, which shall henceforth read as follows:
SUMULA NO. 277. COLLECTIVE CONVENTION OR AGREEMENT (sector- or firm-level agree-
ments). EFFECTIVENESS. ULTRACTIVITY. (wording amended in the Plenary Session held on
09/14/2012)

The normative clauses of collective labor agreements or conventions become part of in-
dividual employment contracts and may only be modified or eliminated through collective bar-
gaining.
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Figure 1.B.3: Example of an decision court

Note: This decision from the 7th Panel of the TST (Brazilian Superior Labor Court) addresses
the inapplicability of the revised wording of Stimula No. 277 to cases prior to its publication on
September 14, 2012. The ruling argues that, although the new version of Stimula 277 granted
ultratividade to collective norms (making them automatically part of employment contracts
until renegotiated), applying this retroactively would violate the constitutional principle of legal
certainty. Therefore, the court establishes that such changes should only apply to situations
occurring after the publication date.
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1.C
Juridical Discussion

Figure 1.C.1: Juridical Discussion

(a) Rule of Lenity
Firm 1 3 Firm 1
| Control
Firm 2 i Firm 2
Firm 3 Firm 3
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Ultractivity
(b) Rule of Law
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Note: This figure illustrates the judicial debate over the application of mandatory ultractivity following the

amendment of Stimula 277. The horizontal axis represents time, with the dashed vertical line indicating the moment when
ultractivity was introduced. Each colored rectangle represents a CBA signed by a firm, and its expiration is marked by the
end of the rectangle.

The key legal question was whether ultractivity should be applied retroactively to all existing CBAs or only to
agreements negotiated after the policy change. Two competing legal principles guided judicial decisions: the Principio da
Norma Mais Favordvel (Rule of Lenity) and the Principio da Seguranga Juridica (Rule of Law).

Panel (a) represents the Rule of Lenity interpretation, which dictated that ultractivity should apply broadly to all
CBAs, including those that had not yet expired at the time of the policy change. Under this view, previously signed
agreements were automatically extended. The light-colored extensions illustrate how CBAs continued beyond their
original expiration dates due to ultractivity. This interpretation implies that firms were uniformly treated by the policy.

Panel (b) illustrates the Rule of Law interpretation, which held that CBAs signed before the amendment remained
governed by the previous legal framework until their expiration. In this case, mandatory ultractivity was only enforced
for CBAs negotiated after the policy change, ensuring legal certainty. This created staggered treatment timing, as firms
first encountered ultractivity upon renegotiating their agreements.
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1.D
Robustness checks

Figure 1.D.1: Robustness — Effects on Hiring and Separations (share of contracts)

(a) Share of Hirings (b) Share of Separations

Note: This figure displays event-study estimates of the effect of CBA renewals under
ultractivity on the share of Hiring and Separations over the total number of active contracts.
Each dot represents the estimated average treatment effect on the treated (ATT) at a given
event time, with 95% confidence intervals shown. The shaded box in the upper left corner
of each panel reports the average post-treatment ATT, its standard error (SE), and the
corresponding confidence interval.

Figure 1.D.2: Robustness - Effects of Treatment on Hiring (alternative estimators)

(@) Sun and Abraham estimator (last (b) Canonical TWFE estimator
treated as never treated)

Notes: Panel (a) reports estimates using the Sun and Abraham (2021) method, which
treats the last treated group as never treated. Panel (b) presents results from a standard
two-way fixed effects (TWFE) specification using the same sample.
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Figure 1.D.3: Robustness - Effects of Treatment on Separations (alternative esti-
mators)

(a) Sun and Abraham estimator (last (b) Canonical TWFE estimator
treated as never treated)

Notes: Panel (a) reports estimates using the Sun and Abraham (2021) method, which
treats the last treated group as never treated. Panel (b) presents results from a standard
two-way fixed effects (TWFE) specification using the same sample.
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Slavery, Black Homicides and Incarceration in Brazil

Abstract. This paper estimates the long-term effects of slavery on
racial disparities in incarceration and homicide rates in Brazil. Today,
Afro-Brazilians face the highest rates of homicide victimization and rep-
resent a disproportionate share of the prison population. Historically,
Brazil retained a substantial legacy marked by an extensive dependence
on enslaved labor. To quantify the impact of slavery, we combine histor-
ical census data from 1872 with contemporary socioeconomic indica-
tors. To address the endogeneity of slavery’s geographic distribution,
we use an Instrumental Variable (IV) strategy, exploiting satellite-based
measures of the potential coffee yield, a crop historically dependent on
enslaved labor. We find that one percentage point increase in the share
of enslaved individuals in 1872 leads to an increase of 0.5 percentage
point in Black incarceration and homicide rates today. We explore three
channels: structural, institutional, and cultural; and find that slavery is
associated with persistent racial inequality in education, and mixed sig-
nals on racial bias.

Keywords: slavery; incarceration; homicide; racial violence; long-term
effect.
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2.1
Introduction

Brazil holds a deep historical legacy of extensive use of slave labor. The
country received more enslaved Africans than any other country and was the last
country in the Western Hemisphere to abolish slavery. Slavery played a funda-
mental role in the economy for nearly four centuries. Enslaved labor sustained
key sectors during colonial and post-colonial periods, such as sugar, coffee, and

mining, and left marks on Brazil’s social, cultural, and economic structures.

More than 130 years after abolition of slavery, Brazil consistently reports
some of the highest homicide rates in the world. However, these violent deaths
do not affect citizens uniformly: Afro-Brazilians account for 71% of the homicide
victims and represent 79.1% of those killed in police interventions (FBSP, 2020).
This racial group also comprises the majority of Brazil’s incarcerated population.
Although Black and Mixed-race individuals comprise 55.4% of the Brazilian
population, they represent 63.6% of incarcerated people Infopen (2017).

This paper investigates the historical roots of racial disparities in homicide
victimization and incarceration by estimating the long-term effects of slavery on
these outcomes. To do so, we compile data from several distinct sources. Our
measure of slavery intensity comes from Brazil’s first national census, conducted
in 1872, which reports the share of enslaved individuals in each municipality. We
link this historical data to contemporary datasets that provide information on
our main outcomes: the incarceration and homicide rates of Afro-Brazilians. To
control for confounding historical factors, we also incorporate additional 19th-

century data that may influence present-day violence and incarceration.

A key identification challenge is that the historical intensity of slavery may
be endogenous to long-run municipal characteristics. Areas with higher historical
slave intensity may have had unobservable characteristics, such as extractive
institutions, entrenched elite power, or economic structures, that continue to
shape contemporary outcomes. Moreover, the measurement of slave intensity
in 1872 may be subject to error due to limitations in historical records. These
concerns imply that OLS estimates may be biased and fail to capture the long-
term causal impact of slavery. To address these issues, we employ an instrumental
variable (IV) strategy using satellite-based data from the FAO-GAEZ project that
uses agro-climatic suitability for coffee cultivation as an instrument for the share
of enslaved people in 1872. This approach isolates variation in slave intensity
driven by exogenous geographic factors, helping to recover the causal effect of

slavery on current racial disparities.
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We find that slavery has persistent effects on racial violence and incarcera-
tion in Brazil. A one percentage point increase in the share of enslaved individu-
als in 1872 leads to a 0.5 percentage point increase in the Black homicide rate and
a 0.5 percentage point increase in the Black incarceration rate today. Although
our primary analysis focuses on Afro-Brazilians as a broader racial category, the
results are driven specifically by the Black subgroup. The instrumental variable
estimates align with the OLS results, even after accounting for potential threats
to the exclusion restriction, such as historical access to the railroad network.

Given these findings, we next explore the mechanisms that may drive the
long-run effects of slavery on racial disparities in incarceration and homicide.
We begin by testing a structural mechanism: are Afro-Brazilians more likely to
engage in criminal activity or be victims of violence because of persistent racial
disparities in socioeconomic conditions? Afro-Brazilians typically earn lower
incomes, have lower levels of education, and are disproportionately represented
among those living in poverty or facing unemployment. While advocates of the
so-called Democracia Racial (Racial Democracy) argue that these socioeconomic
disadvantages explain racial gaps in incarceration and homicide, it is important
to consider that these disparities may themselves be a legacy of slavery (Laudares
& Caicedo, 2023).

To test this, we estimate the effect of historical slavery intensity on present-
day socioeconomic indicators, including the Gini index, Human Development
Index (IDHm), and GDP per capita. We also regress slavery intensity on measures
of racial inequality in income, poverty, and schooling. We find that municipalities
with higher historical reliance on slave labor present larger racial disparities in
educational attainment. This evidence is consistent with the idea that slavery
contributed to enduring socioeconomic inequalities. At the same time, we find a
positive coefficient for GDP per capita, similar to the results reported in Laudares
& Caicedo (2023), suggesting that slavery was more concentrated in areas that
were historically wealthier.

A second potential mechanism is institutional: the legacy of slavery may still
influence local institutions that continue to reproduce racially biased outcomes.
In the early 20th century, official government documents reflected explicit racial
bias, portraying Afro-descendants as inferior and promoting a national agenda of
"whitening" the population. This ideology was codified in laws that criminalized
behaviors common among formerly enslaved individuals and their descendants,
such as vagrancy or practicing Afro-Brazilian religions (Batista, n.d.; Flauzina,
2008). To test whether such institutional legacies persist, we examine two out-
comes: the rate of homicide due to police intervention and municipal engagement
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with racial equity policies (e.g., the existence of racial equity councils or legisla-
tion promoting racial equality). However, we do not find conclusive evidence
confirming this mechanism.

Finally, we test the cultural transmission hypothesis. As theorized by Bisin
& Verdier (2017), cultural beliefs and institutional arrangements may interact to
perpetuate practices and beliefs across generations. To examine whether anti-
Black bias persists in areas with greater historical slavery intensity, we use data
from the 2009 ENEM socioeconomic survey, which included questions about
racial attitudes. Against our initial hypothesis, we find that municipalities with
higher historical slave populations report lower levels of self-declared racism. To
address potential measurement bias in self-reports, especially given the social
desirability bias about racism, we use data from Equidade.Info, a nationally
representative survey that includes Implicit Association Test (IAT) scores for
public school teachers and principals. Although data limitations prevent us from
conducting formal regressions, descriptive evidence shows that municipalities
with the higher historical slavery intensity also have the higher frequency of
implicit anti-Black bias among educators.

Despite empirical challenges, particularly those related to data quality and
the difficulty of identifying long-run effects, we find that slavery contributes
to current racial disparities in incarceration and homicide rates among Black
Brazilians. The mechanisms we explore are not mutually exclusive, but our
analysis suggests stronger evidence for the structural channel rather than the
institutional one.

Related Literature. This project contributes to three strands of the literature.
First, we present new evidence on the effects of slavery on crime and violence. A
well-established literature investigates the long-term effects of slavery and forced
labor on economic development (Nunn, 2008; Nunn & Wantchekon, 2011). Most
of this literature focuses on estimating effects on racial income and educational
inequality levels (Dell, 2010; Laudares & Caicedo, 2023). In contrast, our paper
sheds light on another dimension of economic development: we show that slav-
ery has persistent effects on Black homicides and incarceration. Other works such
as Buonanno & Vargas (2019) examine slavery and violence but use slavery as an

instrument for inequality, while we estimate the direct effect.

Second, our findings provide new insights into the long-term effects of slav-
ery in developing countries. A growing body of literature focuses on understand-
ing how slavery and American segregation laws impact today’s outcomes (Al-
thoff & Reichardt, 2022; Rubio, 2022), contexts where explicit racial discrimina-
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tion was legally codified. Our paper explores a setting where racial discrimina-
tion persisted not through formal segregation laws but through structural racism

embedded in institutions and implicit individual actions.

Finally, the paper contributes to the literature on racial disparities in the
judicial system (Anwar et al., 2012; Alesina & La Ferrara, 2014; Cerqueira &
Coelho, 2017), allowing for a more comprehensive understanding of the historical

roots of these disparities.

2.2
Historical Context

Slavery in Brazil. Brazil was the largest recipient of enslaved Africans in the
world, receiving 4.9 million of the 12 million individuals that were taken from
Africa during the transatlantic slave trade (Eltis & Richardson, 2010). Between
the 16th and 19th centuries, enslaved labor played a central role in the Brazilian

economy across multiple periods and regions.

During the sugarcane cycle in the 16th century, slavery was concentrated
in the Northeast of the country. In the late 17th century, the discovery of gold in
the state of Minas Gerais led to a shift toward mining. In the North, rubber and
cotton production also relied on enslaved labor. By the 19th century, coffee had
become Brazil’s dominant export, with slave labor concentrated in the Vale do
Paraiba (in Sao Paulo state), Rio de Janeiro, and southern Minas Gerais (Klein &
Luna, 2009).

Beyond agriculture and extractive activities, slavery was also widespread
in urban areas. Enslaved individuals worked in domestic service, construction,
artisan trades, and served in the military during the Paraguayan War (1864-
1870)!. Slavery in Brazil between the 16th and 19th centuries permeated all
sectors of society and spanned the entire national territory. Figure 2.A.1 illustrates
the share of enslaved individuals in each municipality in 1872.

Post-abolition. Slavery was officially abolished in Brazil in 1888, one year be-
fore the end of the Empire. However, abolition did not represent the end of racial
inequality. There was no compensation policy or land redistribution, and the
transition to free labor replaced formerly enslaved workers with European immi-
grants, particularly in the coffee sector. The abolition was a strategic response to

growing international pressure to end slavery. To avoid resistance from landown-

1Conrad (1975) estimated that 20,000 slaves joined the war, without account for runway
slaves.
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ers, the recently established republican government destroyed all official records
of enslaved individuals, making it impossible to trace ancestry or secure repa-
rations. At the turn of the 20th century, official government documents reflected
a clear preference for whiteness, frequently describing the Black population in
negative terms and showing enthusiasm about increases in the white population
share (see Appendix 2.A.2).

Several historians and sociologists argue that the current high homicide
rates among Black Brazilians are a legacy of slavery and its associated systems
of oppression (Batista, n.d.; Flauzina, 2008). In the post-abolition period, the
Brazilian state created laws that disproportionately targeted the freedoms of
the Black population. For instance, the criminal code classified the practice of
capoeira, a traditional Afro-Brazilian martial art, criminal offense. Another tool of
racial control was the “vagrancy” law, which criminalized individuals without
a employment, who could not prove subsistence-level consumption, or had
attitudes seemed as immoral, such as sex work professionals, the practice of Afro-
Brazilian religions, or participation in rodas de samba (Flauzina, 2008; Teixeira
et al., 2016). Teixeira et al. (2016) further argues that imprisonment on the basis
of vagrancy remained widespread well into the first half of the 20th century,
suggesting a long-run effect of these discriminatory laws.

Racial Classification in Brazil. Brazil experienced a deep process of racial
mixing, which has shaped social structure and national identity over time.
Miscegenation became a central characteristic of Brazilian society, marked by
the historical coexistence of Indigenous, African, and European populations
(Ribeiro, 2015). Reflecting this complex racial composition, IBGE classifies Afro-
descendants into two categories: pretos (Black) and pardos (Mixed-race). In this
paper, we follow this classification and refer to them jointly as Afro-Brazilians.
Sociologists highlight the importance of analyzing both groups together in stud-
ies of racial inequality, as they share similar demographic characteristics (Gon-
zalez, Lélia and Hasenbalg, Carlos, 2022; Silva & Hasenbalg, 1992; Hasenbalg,
1999).

2.3
Data

This section describes the data sources used to estimate the long-term effects
of slavery. Because our data span different time periods and municipal bound-
aries in Brazil have changed over time, we adopt the Area Minima Compardvel

(Minimum Comparable Area - AMC) provided by the Instituto Brasileiro de Ge-
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ografia e Estatistica (IBGE) as our unit of analysis. AMCs harmonize historical mu-
nicipal borders to ensure comparability between 1872 and 2010. In 1872, Brazil
had 641 municipalities, which correspond to 451 AMCs. For simplicity, we refer
to these as "municipalities” throughout the paper. We draw from six main data

sources, detailed below.

1872 Imperial Census. The 1872 Brazilian Census, organized by the Imperial
Diretoria Geral de Estatistica, provides data on total population and the number
of enslaved individuals, allowing us to calculate the share of enslaved people
in each municipality. We also extract information on literacy rates, migrant pop-
ulation, and labor force by occupation. Using shapefiles and population data,
we compute historical population density. Additionally, we incorporate historical
data from Américo (2024) on the distance from each municipality to the nearest

railroad line.

2010 Demographic Census. We use several indicators from the 2010 Demo-
graphic Census, provided by IBGE, to capture socioeconomic conditions and
racial disparities. We also use complementary data from IBGE, including GDP
per capita, the Municipal Human Development Index (IDHm), and the MUNIC
survey, which reports municipal policies related to racial equity.

Homicide Data. We obtain data on homicides from the (DataSUS) system. For
each municipality, we compute the average number of homicides between 2010
and 2018. We also identify deaths caused by police intervention.

Incarceration Data. Incarceration data come from the Levantamento Nacional
de Informagoes Penitencidrias (Infopen), which provides information at the prison
level, including the racial composition of the incarcerated population. We aggre-
gate this data to the municipal level and restrict the sample to prisons that report

prisoners’ race.

Soil Suitability. To construct our instrumental variable, we use data from the
FAO-GAEZ project on crop-specific soil suitability. This dataset reports potential
agricultural yields under varying technological conditions at the pixel level. We
aggregate pixel-level data to the municipal level using low-input technology and
the earliest available period (1961-1990). We argue that the measure under low-

input conditions is more persistent over time.
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Self-reported Discrimination and Implicit Racial Bias. To explore cultural
mechanisms, we draw on two data sources. First, we use responses to the 2008
socioeconomic questionnaire of the Exame Nacional do Ensino Médio (ENEM),
which included questions related to racial attitudes. We construct municipal-
level measures of self-reported racism and awareness of racist behaviors. Second,
we use data from Equidade.Info, a nationally representative survey that includes
Implicit Association Test (LAT) scores for public school teachers and principals.

Finally, we match historical and current municipalities. To link historical
and modern municipal names, we use a map provided by IBGE and construct a
name-similarity algorithm that allows us to match records across periods. Table
2.1 presents descriptive statistics for our sample.

Table 2.1: Descriptive Statistics

Mean SD Min Max N
Panel A: 1872 Census
Population 189,004 300,084 11,542 4,527,043 474
Slave population 27980 49,263 162 595,963 474
Share slaves 0.14 0.10 0.01 0.57 474
Panel B: 2010 Census
Share of Afro-Brazilian 0.56 0.21 0.09 0.92 474
Panel C: DataSus/Infopen
Afro-Brazilian Homicide rate 0.70 0.27 0.00 1.00 474
Afro-Brazilian incarceration rate 0.65 0.18 0.00 1.00 238
Afro-Brazilian police violence rate 0.70 0.37 0.00 1.00 474
Panel D: Coffee suitability data
Potential production (coffee) - tons/ha 348.41 134.87  0.00 678.37 N

2.4
Baseline OLS

2.4.1
Empirical Strategy

We estimate the persistent effect of slavery on Black incarceration and

homicides by running the following regression:

yeurrent — y 4 B . ShareSlaves.?? + «y - ShareBlack??!® + X,,0 + e, (2.1)

where Y47 denotes the mean value of the share of homicide in which victims
are Black (the ratio of black homicides over total homicides) or the share of
Black incarceration (Total black prison population over the total incarcerated
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population) for each municipality m. ShareSlaves)>’? stands for the share of the
enslaved population in a given municipality in 1872. ShareBlack?' represents
the share of the black population in a municipality in 2010. X;, are a set of
historical controls such as demographic density, share of literate population,

share of agriculture workers.

The identifying variation in equation 2.1 comes from differences in the his-
torical intensity of slavery across municipalities that today have similar shares of
Black residents. Several mechanisms can generate this variation, including post-
abolition migration flows, differential fertility and mortality rates, or local eco-
nomic dynamics shaping the racial composition over time. Each of these chan-
nels has distinct implications for how slavery’s legacy persists. For instance, re-
gions with historically high slave intensity may have experienced stronger barri-
ers to human capital accumulation, limiting upward mobility over generations.
Alternatively, selective migration could have altered demographic trajectories.
As such, B should not be interpreted as the direct effect of slave presence in 1872,
but rather as the cumulative effect of slavery’s historical footprint conditional on
today’s demographics. I explore potential mechanisms and assess robustness to
alternative specifications in Section 2.6.

2.4.2
Baseline OLS results

This section presents OLS estimates of the relationship between the histori-
cal share of enslaved people and current incarceration and homicide rates. In all
tables, Panel A reports the estimates for Afro-Brazilians (i.e., the combined Black
and Mixed-race populations), while Panels B and C show the results separately
for each group. Table 2.2 reports OLS estimates for incarceration rates. Column
(1) shows a negative association between the slave share and the incarceration
rate of Afro-Brazilians. However, this result is not robust to the inclusion of con-
trols. Once the 2010 racial share is added in column (2), the coefficient becomes
small and statistically insignificant. This remains the case in column (3), which
adds historical controls for population density and literacy in 1872.

In Panel B, the estimated effect of slave share on incarceration rates of
Black individuals is positive and statistically significant after controlling for
both the 2010 Black share and historical demographic characteristics, while no
significant effect is found for Mixed-race individuals (Panel C). After accounting
for initial conditions, municipalities with higher historical slave shares tend to

have higher incarceration rates of Black individuals today. Since we do not
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observe incarceration in all Brazilian municipalities, we have a low number of

observations in Table 2.2.

Table 2.2: Effect of Slave Share on Incarceration Rates

@) 2 ®)

Panel A: Afro-Brazilians

Slave share (1872) -0.354***  0.015 -0.004
(0.134)  (0.100)  (0.100)
Afro-Brazilian share (2010) 0.639***  (0.632***
(0.043)  (0.044)
R-squared 0.029 0.496 0.502
Adj. R-squared 0.025 0.492 0.493
F-statistic 7.04 115.78 58.66

Panel B: Black only

Slave share (1872) 0.285***  0.088 0.205**
(0.065)  (0.073)  (0.090)
Black share (2010) 1121 0.746***
(0.231)  (0.260)
R-squared 0.075 0.255 0.401
Adj. R-squared 0.071 0.249 0.339
F-statistic 19.43 23.82 8.73

Panel C: Mixed-race only

Slave share (1872) -0.640***  -0.189*  -0.071
(0.124) (0.107)  (0.153)
Mixed-race share (2010) 0.598***  0.608***
(0.053)  (0.085)
R-squared 0.101 0.465 0.576
Adj. R-squared 0.097 0.461 0.532
F-statistic 26.55 91.04 15.07
Observations 238 238 237
1872 controls No No Yes

Robust standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

Table 2.3 presents OLS estimates for the relationship between slave share
and homicide rates. In Panel A, all specifications show a negative and statistically
significant coefficient for the Afro-Brazilian homicide rate. The inclusion of racial
composition and historical controls does not alter the direction or magnitude of
the estimate. By contrast, Panel B shows a positive and significant association
between slave share and homicide rates for Black individuals in all specifications.
These findings suggest that the historical legacy of slavery is associated with
higher levels of violence against the Black population today.

The estimates for Mixed-race individuals move in the opposite direction.
However, this does not imply that higher levels of slavery are associated with
lower incarceration or homicide rates for Mixed-race populations. This result

captures a composition effect since we are using the population share as the out-
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Table 2.3: Effect of Slave Share on Homicide Rates

@) 2 ©)
Panel A: Afro-Brazilians
Slave share (1872) -0.732%**  -0.204**  -0.236***
(0.118) (0.048) (0.048)
Afro-Brazilian share (2010) 1174 1.166***
(0.023) (0.023)
R-squared 0.075 0.856 0.861
Adj. R-squared 0.073 0.855 0.860
F-statistic 38.12 1397.68 726.98
Panel B: Black only
Slave share (1872) 0.360***  0.230***  0.131***
(0.038) (0.031) (0.047)
Black share (2010) 0.874*+  (.827***
(0.065) (0.104)
R-squared 0.222 0.539 0.665
Adj. R-squared 0.221 0.537 0.648
F-statistic 91.01 183.71 24.54
Panel C: Mixed-race only
Slave share (1872) -1.091***  -0.314***  -0.175**
(0.099) (0.053) (0.069)
Mixed-race share (2010) 1.302%  0.811***
(0.028) (0.068)
R-squared 0.155 0.839 0.919
Adj. R-squared 0.151 0.837 0.905
F-statistic 121.50 1377.72 43.00
Observations 475 475 474
1872 controls No No Yes

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

come. Another possible interpretation is that they reflect historically distinct pat-
terns of racial structure across municipalities. Municipalities with a higher share
of mixed-race in 2010, for instance, may experienced more intense miscegena-
tion in the past, leading to different trajectories of racial categorization over time.
Under this interpretation, the historical legacy of slavery may be more linked to
contexts with more racial segregation. Alternatively, these results may reflect se-
lective migration effects or regional variation in how racial identities are socially

constructed.

Finally, we do not include state fixed effects or contemporary socioeconomic
controls in the main specifications, as these variables absorb key dimensions of
historical variation that are central to the identification strategy. State fixed effects
remove between-region variation, while contemporary variables, such as poverty
or income inequality, may be part of the causal channel from slavery to present-

day racial disparities.
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2.5
IV Design

Section 2.4.2 presents OLS estimates. However, these results may not iden-
tify a long-term causal effect of slavery. Slavery may have been more prevalent in
areas with unobservable historical characteristics, such as extractive institutions
or deep-rooted elite power, that also influence current racial disparities. Addi-
tionally, slave intensity in 1872 may be measured with error, given the historical
nature of the data. To address concerns related to endogeneity of slavery’s place-
ment, we adopt an instrumental variable (IV) strategy. Specifically, we use soil

suitability for coffee as an instrument for the share of enslaved people in 18722,

The instrument is constructed using the potential coffee yield (tons per
hectare) under low input conditions, derived at the pixel level and aggregated

to the municipality. Formally:

1
Zn =~ LYpom (2.2)
m-p

where Z,, denotes the instrument for slavery share in municipality m, Ny, is the

low
pm

for coffee in pixel p, municipality m under low input conditions. We then use Z,,

number of pixels within municipally boundaries, and y,’% is the potential yield

as a instrument for the historical share of slavery in a 2SLS estimation.

2.5.1
Identification

Before presenting the results of the IV results, we first examine the relevance
of the instrument and test for potential threats to the exclusion restriction.

Relevance Restriction. Table 2.4 reports first-stage estimates, where soil suit-
ability for coffee is used as an instrument for the historical slave share. Across all
specifications, the coefficient on soil suitability is positive and significant, with F-
statistics ranging from 21 to 37, confirming the relevance of the instrument: mu-
nicipalities more suitable for coffee had significantly higher shares of enslaved

people in 1872.

The specification also includes the 2010 Black population share as a control,
as it is used in the second-stage regressions. The negative coefficient reflects long-
term demographic shifts, especially in regions such as Sao Paulo, highly suitable

2We tested other crops historically associated with slave labor as instruments: sugarcane,

cotton, cocoa, and rubber. After a series of checks, only coffee survived the instrument validity
tests.
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for coffee, where post-abolition immigration reduced the relative size of the Black
population. This helps isolate the variation in slavery explained by exogenous

natural conditions.

Table 2.4: First Stage: Soil Suitability for Coffee and Slave Share

Share of enslaved population (1872)
1) 2) ©)

Soil suitability — coffee (log)  0.059***  0.078*** 0.072***
0.012)  (0.011) (0.012)
Black pop. share (2010) -0.157*** -0.154***
(0.023) (0.023)
R-squared 0.055 0.141 0.158
Adj. R-squared 0.053 0.137 0.151
F-statistic 26.47 37.06 21.06
Observations 454 454 454
1872 controls No No Yes

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Figure 2.1 and Table 2.A.1 report first-stage estimates across various sub-
samples to assess the plausibility of the monotonicity assumption. In all cases,
the coefficient on soil suitability remains positive and statistically significant. This
supports the assumption that the instrument affects slavery intensity in the same
direction across the sample. The results are consistent with the requirements for
interpreting the 2SLS estimates as Local Average Treatment Effects (LATE), fol-
lowing Imbens & Angrist (1994).

Exclusion Restriction. Although exclusion restriction is not testable, we discuss
its plausibility by testing if possible endogeneity sources are correlated with our
instrument: soil suitability for coffee. An argument for using this instrument is
that the potential yield measure captures soil suitability under minimal techno-
logical input, based primarily on natural factors such as rainfall. It reflects long-
term geographic characteristics rather than actual production.

A potential violation of the exclusion restriction is that soil suitability for
coffee may have attracted migration flows with distinct racial compositions or
social profiles, potentially with some racial bias, which could have affected long-
term racial structures regardless of slavery. To address this concern, we regress
soil suitability on the share of immigrants in 1872 from different origins. Table
2.5 reports these results. There is no consistent evidence that soil suitability
is associated with any particular immigrant group. The estimated coefficients
are small in magnitude and mostly statistically insignificant. This suggests that
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Figure 2.1: First Stage: Binscatter

Share of enslaved population (1872)

T
5.8 6 6.2 6.4 6.6
Log coffee suitability

the instrument is unlikely to be capturing selective migration effects that could
threaten the exclusion restriction.

Table 2.5: Exclusion Restriction Check: Soil Suitability and Immigration

Dependent variable: Share of immigrants in 1872 by origin
) (2) ®) 4) ©)
European Italian Portuguese Latin American African

Soil suitab. — coffee (log) -0.0000406***  -0.00000063  -0.00000471 -0.00000306**  -0.00000215*
(0.0000106)  (0.00000052) (0.00000400) (0.00000147) (0.00000109)

R-squared 0.187 0.100 0.313 0.013 0.231
Adj. R-squared 0.180 0.092 0.307 0.005 0.225
F-statistic 27.07 13.05 53.45 1.57 35.34
Observations 475 475 475 475 475
1872 controls Yes Yes Yes Yes Yes

Robust standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

Another potential threat to the exclusion restriction is internal migration.
If more suitable municipalities for coffee were more accessible to population
inflows, regardless of slavery, this could influence long-term racial composition
or outcomes. We do not have data that directly measure internal migration in the
19th century. However, using Américo (2024) data, we proxy it by the distance
from each municipality to the nearest railroad line. Railroads played a major role
in facilitating internal migration in the late 19th century.

Table 2.6 shows that municipalities with higher soil suitability for coffee
were located closer to railroad lines throughout the second half of the 19th
century, suggesting that these places were more connected to the transportation
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network. This raises a potential concern that the instrument could be capturing

long-term effects of migration infrastructure rather than slavery.

Two factors mitigate the threat to identification. First, if accessibility alone
explained the outcomes, we would expect a more uniform pattern across racial
groups, rather than effects concentrated among Black individuals only. Second,
to address this potential, we include the historical distance to the nearest railroad
line as a control in the second-stage IV regressions shown in Section 2.5.2. The
estimated effects remain stable and statistically significant after this adjustment.

Table 2.6: Exclusion Restriction Check: Soil Suitability and Railroad Access

Dependent variable: Distance to nearest railroad (km)

1) 2 (3) (4) (5)

1854 1860 1870 1880 1890
Soil suitab. — coffee (log) -1.862*** -0.855*** -0.796*** -0.272*** -0.123***
(0.189) (0.073) (0.069) (0.048) (0.034)

R-squared 0.429 0.396 0.330 0.211 0.199
Adj. R-squared 0.423 0.390 0.322 0.203 0.190
F-statistic 71.46 62.43 46.81 25.45 23.62
Observations 386 386 386 386 386
1872 controls Yes Yes Yes Yes Yes

Robust standard errors in parentheses
#* p<0.01, ** p<0.05, * p<0.1

Moreover, although the correlation between soil suitability and railroad
access is statistically significant, its magnitude is modest. The average log coffee
suitability increases from 5.88 in the first quartile to 6.55 in the fourth quartile, a
0.67 log points difference. Given the estimated coefficient of —1.86 from the 1854
railroad distance regression, this corresponds to a reduction of approximately
1.25 kilometers in distance to the nearest railroad (-1.86 x 0.67 ~ —1.25 km).
Considering that the mean distance to the 1854 railroad network is over 1,000
km, this represents less than 0.2%.

Finally, we examine whether soil suitability for coffee is correlated with the
occupational structure in 1872. One potential concern is that coffee suitability may
have led to the development of specific types of work, which could ultimately
influence long-term outcomes such as incarceration and homicide rates. To test
this, I regress soil suitability on the share of workers in different occupations in
1872. Table 2.7 reports the results.

Although some coefficients are statistically significant, their magnitudes are
small and there is no clear pattern across occupations. This suggests that soil suit-
ability does not have a systematic relationship with labor market composition.
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Table 2.7: Exclusion Restriction Check: Soil Suitability and Labor Market Struc-
ture (1872)

Dependent variable: Occupational shares (1872)
m ® ®G) ) &) ®) @
Self-emp.  Employer Manufacturer Handcrafter Agriculture Domestic  No occupation
Soil suitab. - coffee (log) -0.00000152 0.00000007  -0.0000128***  0.0000465**  0.000135**  0.0000645*  -0.000292***
(0.000003)  (0.000002)  (0.000004) (0.000021)  (0.000055)  (0.000039)  (0.000065)
R-squared 0.144 0.038 0.168 0.047 0.033 0.057 0.076
Adj. R-squared 0.137 0.029 0.161 0.039 0.025 0.049 0.068
F-statistic 19.75 4.60 23.80 5.75 4.01 713 9.61
Observations 475 475 475 475 475 475 475
1872 controls Yes Yes Yes Yes Yes Yes Yes

Robust standard errors in parentheses
% 520,01, ** p<0.05, * p<0.1

2.5.2
IV Results

In this section, we present the results from our IV strategy. Columns (1)
to (3) report 2SLS estimates, with control variables added sequentially across
specifications. Column (3) shows our preferred specification, which includes the
full set of controls: population density and literacy rate in 1872, along with
the historical variables discussed in Section 2.5.1 that help address potential
confounding. Among these, we control for distance to the nearest railroad in
1890, capturing historical access to transportation infrastructure at the end of the
slavery period, and the local share of agricultural and handcraft workers.

Table 2.8 reports estimates of the effect of the historical share of enslaved
population on current incarceration rates, disaggregated by racial group. The
coefficient for Afro-Brazilians is positive and statistically significant at the 5%
level. Column (3), the preferred specification, shows that an increase of one
percent point in the share of enslaved people in 1872 is associated with an increase
of 0.609 percentage points in the Afro-Brazilian incarceration rate. Consider
a municipality at the 25th percentile of the historical slave share distribution
(0.07) compared to one at the 75th percentile (0.19). The estimated difference
in incarceration rate between these two municipalities would be approximately
0.609 x (0.1920 - 0.0707) = 0.0738. Given that the mean incarceration rate for
Afro-Brazilians is 0.65, this represents an increase of more than 11%, suggesting

a meaningful long-run effect of slavery on current incarceration outcomes.

The effect is driven by Black individuals (Panel B), with a statistically signif-
icant coefficient of 0.513. In contrast, the effect for Mixed-race individuals (Panel
C) is smaller and statistically insignificant. This pattern reinforces the interpre-
tation that the legacy of slavery disproportionately affects the Black population
today, even after controlling for a range of historical and socioeconomic factors.

Table 2.9 reports 2SLS estimates of the effect of historical slave share on cur-
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Table 2.8: 2SLS Estimates: Slave Share and Incarceration Rates (by racial group)

) 2) ®)

Panel A: Afro-Brazilians
Share of enslaved population (1872) 1.216*** 1.205***  0.609**
(0.379)  (0.399)  (0.280)

Afro-Brazilian share (2010) 0.770%**  0.768***  (0.695***
(0.067)  (0.070)  (0.063)

R-squared 0.184 0.190 0.422

F-statistic 3242 29.41 35.88

Panel B: Black only
Share of enslaved population (1872)  0.822***  0.788***  0.513***
(0218)  (0227)  (0.162)

Black share (2010) 0.160***  0.155***  0.101***
(0.039)  (0.040)  (0.037)

R-squared 0.113 0.121 0.371

F-statistic 41.99 38.36 43.48

Panel C: Mixed-race only
Share of enslaved population (1872)  0.394 0.417 0.096
(0.333)  (0.354)  (0.268)

Mixed-race share (2010) 0.610***  0.613***  (0.594***
(0.059)  (0.062)  (0.061)
R-squared 0.209 0.216 0.423
F-statistic 37.66 33.18 36.41
Observations 238 238 194
1872 controls No Yes Yes
Additional historic controls No No Yes

Robust standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

rent homicide rates by racial group. In Panel A, the coefficient is negative and
statistically undistinguishable for zero. Panel B shows a positive and robust rela-
tionship between slave share and homicide rates for Black individuals, with all
coefficients significant at the 1% level. The magnitude effect is similar with results
for Black incarceration. Negative coefficients in Panel C captures a composition
effect. These results indicate that the historical legacy of slavery is associated with
higher exposure to lethal violence among Black individuals.

The IV estimates reinforce the main patterns observed in the OLS results,
especially for Black individuals. In both specifications, the direction and statistical
significance of the effects remain consistent, suggesting that OLS estimates are
not substantially biased in terms of sign. However, the IV approach presents
larger coefficients, indicating that OLS may underestimate the long-run effects of
slavery on incarceration and homicide rates. Taken together, these results support
the interpretation that slavery’s legacy persists through exogenous historical
channels. The IV strategy corroborates with the causal interpretation of the

relationship between historical slavery and present-day racial disparities.
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Table 2.9: 2SLS Estimates: Slave Share and Homicide Rates (by racial group)

O ) ®)

Panel A: Afro-Brazilians
Share of enslaved population (1872)  0.156 0.039 -0.116
(0.142)  (0.150)  (0.141)

Afro-Brazilian share (2010) 1.211%*  1.196**  1.206***
(0.028)  (0.028) (0.031)

R-squared 0.315 0.320 0.322

F-statistic 41.20 38.17 36.77

Panel B: Black only
Share of enslaved population (1872)  0.445***  0.480***  0.565***
(0.086)  (0.095)  (0.087)

Black share (2010) 0.083***  0.088***  0.084***
(0.017)  (0.018)  (0.019)

R-squared 0.147 0.163 0.165

F-statistic 40.94 37.18 34.82

Panel C: Mixed-race only
Share of enslaved population (1872) -0.289*  -0.441** -0.681***
(0.171)  (0.182)  (0.167)

Mixed-race share (2010) 1.129*%*  1.108***  1.122***
(0.034) (0.034) (0.037)
R-squared 0.308 0.316 0.326
F-statistic 33.13 32.77 36.06
Observations 238 238 194
1872 controls No Yes Yes
Additional historic controls No No Yes

Robust standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1

2.6
Mechanisms

In this section, we investigate potential mechanisms that explain how slav-
ery still affects violence and incarceration today. One important decision is
whether to control for the current share of Afro-Brazilian population. This vari-
able can be seen as part of the effect of slavery itself, so including it might block
part of the causal path. But it can also help us examine whether slavery has effects
beyond today’s racial composition. Because of that, we show mechanisms results
with and without controlling for the current shares of Black and Mixed-raced in-
dividuals. We test three different hypothesis:

(i) a structural channel, in which Afro-Brazilians are more likely to be victims
of homicide or engage in crime due to poor socioeconomic conditions and high
levels of racial inequality;

(ii) an institutional channel, where the persistence of a racist institutional
structure, rooted in the slavery regime from the 16th to 19th centuries, shapes

current state actions and enforcement practices; and
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(iii) a cultural channel, based on the inter-generational transmission of racial
bias and discriminatory attitudes.

To investigate these hypotheses, we examine how the historical intensity of
slavery correlates with present-day socioeconomic gaps, institutional behavior,
and cultural attitudes.

2.6.1
Structural channel

Tables 2.10 and 2.11 examine whether the legacy of slavery operates through
structural socioeconomic inequalities. I regress several present-day socioeco-
nomic and racial imbalance outcomes on the historical slave share. Table 2.10
presents IV estimates for a set of current socioeconomic indicators. In most cases,
the coefficient on slave share increases in magnitude and retains the same sign
after controlling for the current share of the Afro-Brazilian population. The R-
squared values also increase, suggesting that present-day racial composition ex-
plains an important part of the variation in these outcomes. The estimates for HDI
and GDP per capita are positive and statistically significant. However, this does
not imply that slavery caused more development. Rather, enslaved labor was his-
torically concentrated in regions that were already more economically dynamic,
specially our instrument, where coffee was concentrated in Southeast. The results
suggest that the long-run gains in development are unevenly distributed, munic-
ipalities with larger Black populations present less HDI and GDP per capita.

Table 2.11 shows the IV coefficient for schooling imbalance positive and sig-
nificant. Although with low statistical power, the results of this section are in line
with Laudares & Caicedo (2023) who also find that places with more enslaved
people present more racial inequalities in education. However, the results pro-
vide limited support for the structural channel, suggesting that although slavery
may be linked to general underdevelopment, the racial disparities in homicides
and incarceration are not fully explained by persistent socioeconomic inequality
itself.

2.6.2
Institutional channel

To assess the institutional channel, we examine whether municipalities with
higher historical slave shares experience more police violence and fewer anti-
racism policies. Table 2.12 presents 2SLS estimates of the effect of slavery on the
share of deaths caused by police intervention. As in Section 2.4, the coefficients for
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Table 2.10: IV Estimates: Slave Share and Socioeconomic Qutcomes

Human Development Index Gini Index Unemployment Rate
@ O] ®) “4) () (6)
Slave share (1872) -0.156 0.348*** 2899 6973 6296 122.1
(0.122) (0.0638) (27.01) (20.66) (307.9) (239.6)
Black pop. share (2010) -0.214*** -9.357** -25.13
(0.0141) (4.551) (52.78)
R-squared 0.065 0.573 0.045 0.292 0.033 0.201
Adj. R-squared 0.048 0.564 0.027 0.280 0.015 0.187
Observations 386 386 386 386 386 386
GDP per capita Poverty rate Youth schooling (18-24)
@) ®) ©) (10) (11) (12)
Slave share (1872) 43,449** 66,913*** -165.5  -818.7  -3,351 0.959
(19,249) (15,043) (807.7) (621.0) (2,891) (2,191)
Black pop. share (2010) -9,971*** 277.6%* -1,424***
(3,314) (136.8) (482.6)
R-squared 0.133 0.568 0.118 0.253 0.088 0.318
Adj. R-squared 0.116 0.558 0.100 0.240 0.070 0.306
Observations 386 386 386 386 386 386
1872 controls Yes
Additional historical controls Yes

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 2.11: IV Estimates: Slave Share and Racial Imbalances

Income Imbalance

Poverty Imbalance

Schooling Imbalance

(1) ) ®3) 4) (@) (6)
Slave share (1872) -0.200 0.320 0.843 1.134 1.097* 0.845*
(1.026)  (0.794)  (1.219)  (0.947)  (0.657)  (0.499)
Black pop. share (2010) -0.221 -0.124 0.107
(0.175) (0.209) (0.110)
Observations 386 386 386 386 386 386
R-squared 0.015 0.017 0.027 0.021 -0.086 -0.043
Adj. R-squared -0.004 -0.003 0.009 0.002 -0.105 -0.060
1872 controls Yes
Additional historical controls Yes

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Black and Mixed-race individuals have opposite signs, capturing a composition

effect. However, this analysis relies on a smaller sample, as police-related deaths

are not observed in all municipalities. Moreover, there is limited variation in

this outcome, as shown in Figure 2.A.3, in almost half of municipalities, more

than 90% recorded homicides by police intervention involved Afro-Brazilian

individuals.

Table 2.13 presents regressions using the share of municipalities within

each AMC that have adopted at least one anti-racist action, such as specific

legislation, targeted public policies, or a municipal racial equity fund. The IV

estimates are not statistically significant, but the positive coefficients suggest

that municipalities with a higher historical slavery may be more likely to adopt
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Table 2.12: IV Estimates: Slave Share and Police Lethal Violence (Share of Total

Deaths)
Afro-Brazilian Black only Mixed-race only
@ 2 ®) (4) ©) (6)
Slave share (1872) 1.974**  -0.701 1.113*  0.523 0.861  -1.224**
(0.963) (0.537) (0.553) (0.429) (0.893) (0.592)
Black pop. share (2010) 1.033*** 0.228** 0.805***
(0.115) (0.092) (0.126)
Constant 0.284 0.213 -0.121  -0.137  0.405**  0.350**
(0.220)  (0.153)  (0.126) (0.122) (0.204) (0.169)
R-squared -0.303 0.395 0.010 0.113  -0.056 0.308
Adj. R-squared -0.360 0.365 -0.005  0.068  -0.071 0.273
F-statistic 2.30 13.84 1.36 1.60 2.31 8.92
Observations 168 168 168 168 168 168
1872 controls Yes
Additional historical controls Yes

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

anti-racist actions today. However, the causal relation is unclear. On one hand,

these actions may be a response to persistently high levels of racial inequality

or violence. On the other hand, they could reflect greater racial awareness or

stronger political participation by Afro-Brazilians.

Table 2.13: IV Estimates: Slave Share and Anti-Racism Actions

Share of municipalities in AMC with any action

) ()

Slave share (1872) 0.872 0.722
(0.612) (0.471)
Black pop. share (2010) 0.064
(0.104)
R-squared 0.031 0.042
Adj. R-squared 0.013 0.022
Observations 386 386
1872 controls Yes
Additional historical controls Yes

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

2.6.3
Inter-generational transmission

To assess the cultural channel, we examine whether municipalities with

higher historical slave shares affected contemporary racial attitudes and bias.

We use self-reported data from the ENEM socioeconomic questionnaire, which

includes items on racial discomfort and perceived racism. Table 2.14 shows

that municipalities with higher historical slave shares are associated with lower

proportions of individuals who openly identify themselves as racist or report

knowing someone who is. Slavery is also negatively associated with the share
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of people who feel uncomfortable sharing space with individuals from other
racial groups. To validate if this result is due to racial bias rather than general
discomfort with social diversity, we compare the share of students who reported
only racial discomfort with the share who reported non-racial discomfort (e.g.,
gender, religion). The association appears only for racial discomfort, supporting
the interpretation that this mechanism reflects persistent racial attitudes on the
legacy of slavery.

To address concerns related to self-reported survey data, especially on
this sensitive topics about racism, we leverage an alternative data source.
Equidade.Info is an ongoing, nationally representative survey of public schools in
Brazil. It includes Implicit Association Test (IAT) scores® for teachers and school
principals. As Bertrand, Marianne and Chugh, Dolly and Mullainathan, Sendhil
(2005) explains, discrimination can arise not only from explicit, intentional ac-
tions but also from unconscious mental processes. The IAT test is widely used for
measuring this implicit form of discrimination (Alesina et al., 2024; Duryea et al.,
2025).

Although IAT data offer an ideal measurement of implicit bias, our analysis
faces important limitations. We were only able to recover 405 IAT scores from
educators, covering 49 municipalities, preventing us from conducting formal
regressions. However, Figure 2.A.4 presents descriptive statistics from this data.
Contrasting the previous result based on self-reports, the group of educators
showing stronger implicit preference for white individuals tends to be located
in municipalities with higher historical slavery shares. Interestingly, educators
with the strongest implicit preference for Black individuals are also located in
areas with high slavery intensity, although this group is small and may not be

representative.

2.7
Conclusion

Estimating the long-run effects of slavery poses significant empirical chal-
lenges, particularly due to data limitations and the difficulty of isolating mech-
anisms. Despite these constraints, we document robust evidence that historical
slavery intensity contributes to present-day racial disparities in incarceration and
homicide victimization. We explore three plausible channels—structural, institu-
tional, and cultural—and find suggestive evidence for each, though we acknowl-

3The Implicit Association Test (IAT) measures the strength of automatic associations individ-

uals hold between concepts, such as race, and positive or negative attributes, providing a proxy
for implicit bias.
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Table 2.14: IV Estimates: Slave Share and Racial Bias

Declares Racist Declares Racist (Alt.) Knows a Racist
@ 0] (©) 4) ©®) (6)
Panel A: Self-identification and Exposure
Slave share (1872) -0.0115 -0.0479*** 0.0157 -0.0343 -0.197 -0.490%**
(0.0236) (0.0163) (0.0252) (0.0232) (0.133) (0.148)
Black pop. share (2010) 0.0527 0.0355 0.179***
(0.0345) (0.0327) (0.0538)
R-squared 0.024 0.052 0.014 0.033 0.032 0.063
Adj. R-squared 0.006 0.034 -0.004 0.015 0.014 0.045
F-statistic 5.89 8.10 3.89 7.23 224 4.88

Any Discomfort (Race) = Discomfort (Only Race) Discomfort (Non-racial)
) (8) ) (10) (11) (12)

Panel B: Discomfort with Difference

Slave share (1872) 0.00368 -0.0174** -0.0471** -0.0469** -0.0303 -0.0303
(0.0205) (0.00827) (0.0197) (0.0192) (0.0211) (0.0211)
Black pop. share (2010) -0.00947 -0.00819 -0.00122
(0.0283) (0.0299) (0.0306)
R-squared 0.040 0.038 0.059 0.059 0.041 0.041
Adj. R-squared 0.022 0.020 0.041 0.041 0.023 0.023
F-statistic 6.83 6.64 7.48 7.46 6.83 6.83
Concern with Race Concern with Violence ~ Concern (Race or Violence)
(13) (14) (15) (16) (17) (18)
Panel C: Concern with Race and Violence
Slave share (1872) 0.0163 0.0137 -0.0135 -0.0187 0.00141 -0.0108
(0.0228) (0.0288) (0.0234) (0.0301) (0.0218) (0.0274)
Black pop. share (2010) -0.0142 0.00489 -0.00611
(0.0334) (0.0366) (0.0321)
R-squared 0.030 0.030 0.029 0.029 0.028 0.028
Adj. R-squared 0.012 0.012 0.010 0.010 0.010 0.010
F-statistic 5.23 5.23 5.11 5.11 4.95 4.95
Observations 354
1872 controls Yes
Additional historical controls Yes

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

edge the potential endogeneity of some mechanisms, such as municipal racial
equity policies or self-reported racism. Nonetheless, our analysis shows that the
legacy of slavery remains embedded in Brazil’s contemporary racial inequalities,
underscoring the importance of historical institutions in shaping modern out-

comes.
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Additional Figures

Figure 2.A.1: Share of enslaved people in 1872
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Figure 2.A.2: Physical and Mental Stereotypes of African Ethnic Groups in the
1920 Brazilian Census

Essa diversidade de caracteres morphologicos se acompanha de egual diver-
sidade de attributos mentaes. Os grupos negros differem muito pelo tempera-
mento, pela moralidade, pela intelligencia, pela actividade. Ha tribus de negros
indolentes, como os gégis'e os angolas, como as ha de negros laboriosos, como os
timinins, os minas, os dahomeyanos. Os minas, os yorabas, os eghas, os krumanos,
os felanins possuem temperamento docil e civilizavel, sio negros pacificos, affeitos
4 obediencia e 4 humildade; ja os haussas, os efans, os gallas mostram quali-
dades de altivez, rebeldia e mesmo ferocidade, que os fazem pouco apreciadas
pelos senhores, ou insusceptiveis de captiveiro. O grao de moralidade tambem
varia muito de tribu a tribu e, si ha negros de costumes honestos, como os yorubas,
os egbas, os haussis, ha-os de caracter pouco resistente e facilmente corrompiveis,
como 0s gégis e os angolas. Estes sdo, porém, superiormente dotados no ponto
de vista intellectual, ao passo que outros, como os gégis, 6s krumanos, os cabindas,
revelam a inferioridade mental, propria aos types mais baixos da raga negra.

morphelogicas e attributos psychologicos inconfundiveis. Os negros da tribu yebi,
por exemplo, ou os da tribu cassange, ou haussi, embora reforgados e entroncados,
tém a feialdade repulsiva dos typos negros-puros. Os da nacio mina, ou fula, ou
achanti, ou felanin, sio typos, ao contrario, de grande belleza, pela proporcionali-
dade das férmas, pela suavidade dos tragos, pela esvelteza da estatura, pela cor
mais clara e pelos cabellos menos encarapinhados do que os das outras nages.
No ponto de vista da pigmentagio, a variedade € tambem encrme: ha desde o
negro retincto e luzidio, como os loandas, os papels, os balondas, até ao azeito-
nado, como os gégis e dahomeyanos e fellahs, ou mesmo ao bronzeado, como os
.minas, 0s achantis, os felanins, os agoins. No tocante 4 compleigio e 4 estructura,
ha typos athleticos e robustissimos, com os dahomeyanos, os haussas, os krumanos,
os achantis, os gallas, e typos mais franzinos e debeis, menos solidos de estructura,
como o0s monjolos e os angolas.. Em relagio & belleza plastica, nenhum delles
sobreleva os jolofos e 0s séréres, cuja soberba complei¢io tem a pureza, a graga
e a nobreza do typo europeu. ’

Note: Excerpts from the 1920 Brazilian Census discussing supposed morpho-
logical, psychological, and moral differences among African ethnic groups, based
on pseudoscientific and racist classifications typical of early 20th-century thought.
The text is written in archaic Portuguese.
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Figure 2.A.3: Histogram of the share of Afro-Brazilian homicide due police inter-
vention within municipality
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Figure 2.A.4: Implicit Racial Bias and the Average Share of Enslaved People
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2.A
Additional Tables

Table 2.A.1: Monotonicity test for different sub-samples

Population Free Black Literate Area Pop. density Black & Brown Black only
Low High Low High Low High Low High Low High Low High Low High

) @ ®) “) ©) ©) @) ®) ©) (10) Q) (12) (13) (14)

Soil suitability — coffee  0.0868** 0.0508** 0.0472*** 0.117*  0.0518* 0.0640** 0.107** 0.0367** 0.0318** 0.106*  0.0554*** 0.186*** 0.0280**  0.142***
(0.0303) (0.0148) (0.0121) (0.0478) (0.0224) (0.0204) (0.0402) (0.0121) (0.0106) (0.0442) (0.0129) (0.0198) (0.00918) (0.0338)

Observations 226 228 219 235 231 223 232 222 224 230 217 237 226 228
Adj. R? 0.067 0.048 0.044 0.111 0.044 0.059 0.056 0.047 0.051 0.044 0.063 0.233 0.030 0.042

Standard errors in parentheses
*p <0.05 % p <0.01,** p < 0.001
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Local and Destination Climate Shocks and Emigration Decisions:
Evidence from Brazilian Semi-Arid

Abstract. This paper investigates how climate shocks and labor mar-
ket structure shape internal migration in Brazil’s semi-arid region. Us-
ing the bilateral migration framework from Borusyak et al. (2022), I es-
timate the impact of aridity shocks and labor market changes on out-
migration rates, accounting for conditions in both origin and destina-
tion regions. To capture the relative attractiveness of destinations, I com-
pute a migration-adjusted shock that subtracts from the local shock a
weighted average of shocks in connected municipalities, with weights
based on observed pre-shock migration flows. I construct a panel of mu-
nicipalities using census microdata combined with weather and labor
market data from 2000 to 2010. Results show that local aridity shocks
increase out-migration, but the effect weakens when adjusting for des-
tination conditions. Similarly, income growth in connected destinations
raises emigration, while higher income at the origin helps retain popu-
lation. These findings highlight the importance of modeling migration
as a bilateral process shaped by both push and pull forces.

Keywords: out-migration; climate shocks; aridity; labor market.
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3.1
Introduction

Climate change is expected to have economic and social effects, particularly
in developing countries where adaptive capacity is limited. Among the possible
responses, labor migration emerges as a key mechanism through which house-
holds respond to climate-related income shocks. When local economies do not

fully absorb productivity shocks, emigration becomes a potential response.

The traditional literature examines how these shocks affect migration, fo-
cusing on either economic factors (Yagan, 2019) or climate-related disruptions
(Groger & Zylberberg, 2016). However, conventional regressions linking out-
migration solely to local shocks are likely biased. Because migration decisions are
bilateral phenomena, the conditions in potential destination locations also matter

in determining out-migration decisions.

This issue has been solved in the literature focused on immigration. A
growing set of papers uses a shift-share approach (Imbert & Ulyssea, 2023; Corbi
et al., 2024), where immigration in the destination is instrumented by shocks in

origin regions. But what if we want to study out-migration?

There is extensive evidence on how out-migration flows and labor market
composition respond to shocks. Although the effects of climate shocks remain
ambiguous (Chakraborty, Tanika and Pandey, Manish, 2022), most studies on
aridity shocks find a positive relationship between aridity and the decision to
emigrate (Souza Costa Olivieri et al., 2020; Falco et al., 2022), and a negative
relationship between droughts and agricultural labor supply (Albert et al., 2021;
Basu, 2023). However, this entire body of evidence relies on exploiting local
shocks, without accounting for conditions in potential destinations that may also

influence out-migration decisions.

Borusyak et al. (2022) develop a structural framework to analyze how local
shocks affect migration decisions in the presence of endogenous location choice.
Their empirical strategy is based on a bilateral adjustment, where the local shock
is compared to a migration-weighted average of shocks in potential destination
regions. This adjustment captures the idea that migration responds not only to
factors at the origin but also to the relative attractiveness of destinations.

This paper applies this framework to investigate how aridity shocks and
changes in labor market structures affect emigration decisions. The analysis is
based on Brazilian Census microdata from 2000 and 2010, which allow us to
reconstruct retrospective migration flows and measure municipality-level labor

market conditions such as employment rates and hourly income. Following the



Chapter 3. Local and Destination Climate Shocks and Emigration Decisions: Evidence
from Brazilian Semi-Arid 89

bilateral logic, we compute the relative shock by subtracting from the local shock
a migration-weighted average of shocks in destination municipalities. These
weights are based on migration flows observed before the shock. This allows us
to isolate how much of the observed emigration is driven by local push factors

versus the pull of more attractive destinations.

Focusing on Brazil’s semi-arid region, I estimate a TWFE model of aridity
shocks on emigration rates and find a positive coefficient for local aridity, sug-
gesting that worsening climatic conditions lead to increased out-migration. The
coefficient remains positive, though with smaller magnitude, when using the rel-
ative shock specification that adjusts for aridity levels in destinations. Using a
tirst-difference specification between 2000 and 2010 with the accumulated aridity
index, I find that the destination shock is significantly associated with emigra-
tion changes, highlighting the importance of taking into account factors shaping
migration responses to climate-related shocks.

For labor market variables, the analysis focuses on structural changes rather
than temporary shocks. As predicted by the original framework, once I adjust for
changes in real income at migration destinations, the coefficient on relative in-
come growth shifts in magnitude and aligns with the expected direction: munici-
palities with higher income growth tend to retain more of their population. When
examining the destination-side shock directly, we find that greater increases in in-
come at typical destinations are associated with higher out-migration from origin

municipalities.

Related Literature. This paper contributes to the literature that estimates the
impact of climate and labor market shocks on migration. Existing empirical work
often includes migration-weighted average shocks as controls (Greenland et al.,
2019; Albert et al., 2021). Based on the framework developed by Borusyak et al.
(2022), this paper explicitly uses the migration-adjusted shock as a regressor,
emphasizing the idea that emigration is a bilateral decision and the shock is
interpreted relative to conditions at potential destinations. The paper highlights
the importance of accounting for migration incentives that depend on both push

and pull factors.

3.2
Background

The Brazilian semi-arid region is defined based on aridity and precipitation

indexes (Brasil, 2005). It is drier than the rest of the country and historically expe-
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riences more frequent and severe droughts. Labor markets in the region are also
weaker, with higher informality, lower wages, and overall worse socioeconomic
indicators (Corbi et al., 2024). These characteristics make the region relevant to
study how climatic shocks and labor market structure interact to shape emigra-

tion patterns.

Historically, the semi-arid experienced substantial out-migration flows. Em-
pirical evidence shows that emigration rates in the region respond positively to
aridity shocks (Bastos et al., 2013; Souza Costa Olivieri et al., 2020). These stud-
ies focus on the long-run relationship between droughts and migration, tracing

patterns since the 1970s. In contrast, my analysis focuses on more recent years.

Figure 3.1 displays the average aridity and out-migration rates across Brazil-
ian municipalities from 2006 to 2010. The semi-arid region is outlined. As ex-
pected, aridity remains concentrated in this region. Interestingly, and in contrast
to earlier findings, recent data show no clear pattern of higher out-migration from
the semi-arid. This aligns with recent empirical evidence from Tafner et al. (2025),
which shows that targeted policies, such as conditional cash transfers (Bolsa
Familia) and climate adaptation programs, have strengthened local resilience and

reduced emigration.

Figure 3.1: Spatial Distribution of Aridity and Out-migration in Brazil (2006-2010)

(a) Aridity Index (b) Out-migration Rate

Note: The maps show the average aridity index and out-migration rate across mu-
nicipalities between 2006 and 2010. The outlined area represents the official boundaries
of the Brazilian semi-arid region.

Out-migration rates appear higher in areas near the current agricultural
frontier, suggesting new dynamics on migration that fall beyond the scope of this
paper. Because most prior studies focus on the semi-arid and use conventional
estimation strategies, this paper restricts attention to this region while applying
a new empirical framework that addresses potential endogeneity in local shock
regressions. This allows for a clear comparison with existing evidence.
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3.3
Data and Sample Construction

3.3.1
Implementation

Standard regressions rely on L; = a + B2, + €, where L is the proportional
change in population in location I, and Z; is an exogenous local shock. But
migration is bilateral, destination conditions matter. This regression omits the
shocks faced by potential destinations. Workers decide whether and where to
migrate based on differences between their current location and alternatives.
Ignoring this bilateral structure leads to biased estimates of migration responses.

Borusyak et al. (2022) construct a structural model taking account of this
problem. In their framework, each individual chooses a location to maximize
utility, where utility is a function of income adjusted by a location-specific shock.
Migration is costly and the model accounts for relative attractiveness of alterna-
tive locations. The model leads to a logit-type choice structure, where the share
of workers who leave origin | depends on the utility gap between I and potential

destinations.

A variable Z_;, the weighted shock exposure from connected municipalities,
is essential to recover the causal effect of shocks in out-migration. In their key
result, the proportional change in population in location [ is a function of the
differences between Z; and Z_; where Z_; is the average shock in destination

municipalities, weighted by historical migration flows.

3.3.2
Data

Previous section shows that to empirically estimate the model, we need
migration flows between cities to construct the measurement of z_;. To do this,
this paper uses two main databases to compute all migration flows, and construct

emigration data and shocks, described below.

Census microdata. I use migration data from Brazil’s 2010 Census microdata,
which identifies individuals as migrants if they were not born in the municipality
where they currently reside. The data also includes the duration of residence
and the last municipality of residence, which allows me to track migration flows
across municipalities and years. I aggregate these flows to construct municipality-

year out-migration rates, defined as the number of emigrants per 1,000 residents
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based on the 2000 population.

INMET. I collect meteorological data from INMET, which provides granular
monthly observations from weather stations. I aggregate these into municipality-
year measures and use them to compute the Aridity Index, defined as total
evaporation over total precipitation during the year. This index captures aridity
more effectively than precipitation alone because it accounts for the soil’s ability
to retain water Boffa ef al. (2022).

To estimate migration-weighted shocks, I first computed bilateral migration
flows from municipality of origin to destination using the 2010 Census. I focus on
moves between 2001 and 2005 to ensure these flows are predetermined relative
to our analysis period (2006-2010). For each origin municipality, we calculate the
share of emigrants going to each destination. These shares are used as weights in
the construction of migration-weighted shocks. Finally, by origin municipality, I
aggregate the Aridity Index using this migration-weights to determine our non-
local shock. Figure 3.A.1 shows an example of calculation.

Finally, I build a panel dataset at the municipality-year level for 2006-2010,
containing the number of emigrants, the out-migration rate, the local aridity
shock, the migration-weighted average shock faced by emigrants for each origin,
and the difference between the local and weighted shocks. In addition, I identify

municipalities that belong to Brazil’s semi-arid region.

3.3.3
Empirical Implementation

In practice, we cannot observe the structural parameters of Borusyak et al.
(2022)’s model directly. We instead use the model to guide the construction of
an empirical specification that preserves its core logic. I use the Aridity Index
as shock z; and the average shock at destinations weighted by pre-determined

migration flows from [, z_;, to estimate the following regression:

EmigrationRatey; = o; + Ay + B(z1p — z_1) + €1 (3.1)
where «; and A; represent fixed effects of origin and year, respectively. I also
estimate alternative specifications. The first includes only the local shock, zj,
replicating traditional reduced-form migration regressions. The second includes
the weighted destination shock z_j; to assess how destination-side conditions

affect migration flows.
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34
Results

3.4.1
Aridity Index and Out-Migration

Table 3.1 presents the main regression results for municipalities in Brazil's
semi-arid region, estimating the effect of aridity shocks on emigration rates using
a two-way fixed effects specification with municipality of origin and year fixed
effects. Each column corresponds to a different specification of the emigration
regression. Column (1) reports the standard approach that includes only the local
aridity shock as a predictor. The estimated coefficient is small and statistically
insignificant, suggesting that local conditions alone do not explain emigration
patterns. Column (2) implements the bilateral migration specification, using the
relative shock: the difference between the local shock and the migration-weighted
average shock in destination municipalities. The coefficient remains small and
statistically indistinguishable from zero. Finally, column (3) includes only the
average destination shock as independent regressor. Here, the estimated effect
of the destination shock is positive, though not statistically significant.

Table 3.1: Regression Results — Semi-arid Region

1) ) 3)
Local shock 0.041
(0.159)
Relative shock (z; - z_;) -0.063
(0.253)
Destinations” shock 0.193
(0.284)
Observations 7,164 7,164 7,164
R2 0.505 0.505 0.505
Adjusted R2 0.377 0.377 0.377
Municipality FE v v v
Year FE v v v

Note: Robust standard errors clustered by municipality in parentheses.
#* p<0.01, ** p<0.05, * p<0.1

While none of the coefficients in Table 3.1 are statistically significant, they
exhibit signs in the opposite direction to the theoretical expectations. One poten-
tial explanation lies in the temporal mismatch between migration responses and
the measured shocks. Migration is more likely to react to persistent, cumulative
shocks rather than short-term fluctuations. However, the panel specification in
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Table 3.1 relies on contemporaneous aridity shocks, which may not fully capture
the longer-term climatic pressures that drive emigration. Temporary variation in
aridity in a single year may not be sufficient to generate observable migration
responses, particularly given adjustment costs to migrate. To address this limi-
tation, we estimate a first-difference model where the change in emigration rates
between 2000 and 2010 is regressed on the change in accumulated aridity over the
preceding five-year periods (2006-2010 versus 1996-2000). This specification bet-
ter capture accumulated climate variation over time. Results from this alternative

specification are presented in Table 3.2.

Table 3.2: Effect of Aridity Changes on Migration Rate (First Differences)

(1) (2) (3)

Aridity —local -0.026
(0.017)
Aridity - relative 0.033
(0.025)
Aridity — destination -0.093***
(0.025)
Observations 735 735 735
R? 0.003  0.002 0.018
Adjusted R? 0.002  0.001  0.017

Note: Robust standard errors in parentheses.
#** p<0.01, * p<0.05, * p<0.1

In Table 3.2, Column (1) presents the standard specification using only the
local aridity shock. The coefficient is negative, contrary to expectations, and sta-
tistically insignificant. Column (2) reports results using the relative shock defined
as the local shock adjusted by aridity conditions in typical destinations. Although
not statistically significant, the coefficient has the expected positive sign, suggest-
ing that municipalities experiencing a larger increase in aridity relative to their
destination alternatives exhibit greater increases in emigration rates. Finally, Col-
umn (3) isolates the effect of destination shocks alone. The coefficient is negative
and statistically significant, indicating that when the average climatic conditions
in destination municipalities worsen, origin locations retain more of their popu-

lation.
3.4.2
Labor Market and Out-Migration

To explore the relationship between labor market dynamics and migration,

we estimate a first-difference model regressing the change in the emigration rate
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between 2000 and 2010 on the change in local labor market conditions over the
same period. To account for the importance of migration destinations, I follow
the structure of Borusyak et al. (2022) and adjust local changes by subtracting the
migration-weighted average change in labor conditions in destination municipal-
ities. Due to the limitation of having only census data for the years 2000 and 2010,
in this analysis, the variables capture longer-term structural changes in the labor
market. Since the original framework proposes a shock-based design, we inter-
pret the results as descriptive associations. Rather than identifying causal effects,
this analysis extends the logic of the structural framework model to highlight
how shifts in labor market conditions in both origin and destination areas affect
migration responses. Another advantage of this approach is that Census micro-

data allows me to identify overall and rural-specific labor market characteristics.

Table 3.3 shows that labor market conditions are strongly associated with
changes in out-migration. As expected, municipalities with greater increases in
employment retained more residents, and the magnitude of this effect declines
once we account for labor market conditions in potential destinations. Out-
migration appears to be less sensitive to changes in the agricultural labor market.
This result is consistent with findings from Tafner et al. (2025), who show that
programs such as Bolsa Familia and rural insurance contributed to reducing
emigration in Brazil’s semi-arid region. However, the coefficient on employment
conditions in destinations has a sign opposite to what we anticipated. A possible
explanation is endogeneity: improvements in labor market outcomes in typical
destinations may be partially driven by the arrival of migrants themselves, as
documented by Imbert & Ulyssea (2023).

Table 3.3: Effect of Employment Rate on Migration (Overall and Rural)

General Rural General Rural General Rural

Employment rate — local -0.686***  -0.112***
(0.140) (0.028)
Employment rate — relative -0.488***  -0.099***
(0.147) (0.028)

Employment rate — destination -2.828%**  -0.453***

(0.486) (0.149)
Observations 735 734 735 734 735 735
R? 0.032 0.022 0.015 0.017 0.044 0.013
Adjusted R? 0.030 0.021 0.013 0.016 0.043 0.011

Note: Robust standard errors in parentheses.
% 5<0.01, * p<0.05, * p<0.1

Table 3.4 presents the results on the relationship between changes in hourly
income and changes in migration rates. The findings are consistent with the pre-
diction in Borusyak et al. (2022) that focusing solely on local shocks can lead to
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biased estimates. Once we adjust for income variation in migration destinations,
the coefficient on local income growth becomes negative, indicating that higher
real income growth is associated with lower emigration. The effects are more pro-
nounced in rural labor markets, suggesting that rural workers are more sensitive
to income changes. Additionally, the results show that stronger income growth in
destination areas increases emigration from origin municipalities, reinforcing the

importance of destination areas in out-migration analysis.

Table 3.4: Effect of Hourly Income on Migration (Overall and Rural)

General Rural General Rural General Rural

Hourly income - local 0.319***  0.217***

(0.064)  (0.081)
Hourly income - relative -0.054  -0.101***

(0.034)  (0.036)
Hourly income — destination 0.163***  0.176***
(0.036)  (0.039)

Observations 735 735 735 735 735 735
R? 0.033 0.010 0.003 0.010 0.027 0.027
Adjusted R? 0.032 0.008 0.002 0.008 0.026 0.025

Note: Robust standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1

Finally, Table 3.5 accounts for the relative shocks in both climate and la-
bor market conditions simultaneously. The results confirm that controlling for
destination conditions alters the interpretation of local labor dynamics: relative
increases in employment rates and hourly wages are associated with reductions
in emigration. This effect is especially pronounced in rural labor markets, where
changes in both employment and income show stronger and more precisely es-
timated coefficients. The aridity shock remains statistically insignificant, but its

positive sign is consistent with theoretical expectations.

3.5
Conclusion

This paper examines how aridity shocks and labor market conditions affect
out-migration from Brazil’s semi-arid region, using a bilateral migration frame-
work that accounts for destination-side conditions. Using recent data from 2000
to 2010, the analysis captures a period when climate resilience policies, such as
conditional cash transfers and climate adaptation programs, may have reduced
how strongly migration responds to local shocks. In line with this, I find that
local aridity shocks no longer significantly affect out-migration, although the

estimated sign remains consistent with expectations. When applying a conven-
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Table 3.5: Effect of Climate and Labor Conditions on Migration (Column 3 Only)

General Rural

Aridity — relative 0.018 0.017
(0.029)  (0.029)

Employment rate — relative -0.518*** -0.104***
(0.148)  (0.028)

Hourly wage — relative -0.063*  -0.103***
(0.035)  (0.031)
Observations 735 735
R? 0.021 0.030
Adjusted R? 0.017 0.026

Note: Robust standard errors in parentheses.
**p<0.01, ** p<0.05, * p<0.1

tional model that includes only local shocks, the estimated coefficients are often
imprecise and can even change signs. Once I account for conditions in destina-
tion regions using the migration-adjusted shock, the direction of effects aligns
with theory. Structural changes in local labor markets, especially income growth,
also play an important role: municipalities with stronger income growth retain
more of their population, while rising incomes in typical destinations increase
out-migration. These findings highlight the importance of modeling migration as
a bilateral process and suggest that ignoring destination conditions can distort
conclusions about migration responses to both climatic and economic shocks, es-

pecially in settings with increasing climate resilience.



Appendices

Figure 3.A.1: Migration from A and weighted shock calculation
Explanation:

e Municipality A
emigrants: 70% to B, 30%
to C.

e Weighted shock:

z_4 =07z +0.3z¢



Conclusion

This dissertation presents three empirical studies that advance our under-
standing of how institutions, history, and climate shocks shape labor market and
socioeconomic outcomes in Brazil. The first chapter contributes to the debate on
Labor Economics by showing how firms respond to increases in labor protections.
The findings suggest that regulations can generate unintended consequences,
such as reducing new hires and increasing separations, or changes in compen-
sation composition, as also discussed in Cahuc et al. (2019) and Carvalho et al.
(2018).

The second chapter highlights the persistence of historical slavery in shap-
ing contemporary racial disparities in Brazil. While the legacy of slavery has been
extensively studied in other contexts, this chapter contributes new evidence by
linking 19th-century slave intensity to present-day racial gaps in violence and in-
carceration. Although translating this into direct policy recommendations is not
straightforward, the findings help us better understand the structural roots of

Brazil’s racial inequalities.

The third chapter shows that out-migration is shaped not only by local push
factors, but also by the relative attractiveness of destination regions. This has im-
plications for how we design and interpret migration studies and suggests that
policies aimed at retaining population in vulnerable areas should also consider
attractiveness in typical destinations. Together, the three chapters outline a re-
search agenda in Labor and Development Economics, using applied microeco-
nomic methods to address policy-relevant questions in the context of a develop-

ing country.
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