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Resumo

Esta tese de doutorado é composta por três ensaios sobre políticas públicas. Os dois primeiros
ensaios estão relacionados ao tema das aposentadorias e reformas previdenciárias, enquanto
o terceiro ensaio visa compreender como os turnovers políticos e as transições de governo
podem afetar o fluxo de internações entre diferentes municípios para cirurgias eletivas no
Sistema Único de Saúde (SUS).

O primeiro capítulo, intitulado Os efeitos no bem-estar da adoção de regimes de pensões
no estilo NDC em economias em desenvolvimento, estuda o efeito da implementação de um
regime de pensões de contribuição definida nocional (NDC) em uma economia em desenvolvi-
mento, utilizando um modelo de gerações sobrepostas de 3 períodos. Começamos calibrando
nossa economia de base para a economia brasileira e testamos o que acontece no estado estaci-
onário quando adotamos como contrafactual a reforma da seguridade social ocorrida em 2019,
onde o esquema de pensão pay-as-you-go (PAYG) foi mantido. Em seguida, comparamos os
resultados que encontramos com uma série de regimes de pensões alternativos no estilo NDC,
em uma estrutura que permite o trabalho formal e informal e impostos dependentes da idade.
Somos os primeiros a modelar regimes de pensões NDC em uma economia que permite o setor
informal. Encontramos em nossas simulações que o melhor esquema previdenciário para a
economia brasileira, com base em nossa medida de bem-estar, é o sistema Beveridgeano com
tributação dependente da idade. Sob este regime de pensões, temos o maior aumento nas
variáveis agregadas de estoque de capital, consumo, produção, com as taxas de juros mais
baixas, e taxas de reposição nas aposentadorias para os trabalhadores mais produtivos com
as menores taxas.

No segundo capítulo, intitulado O envelhecimento da população brasileira e o impacto nas
oportunidades de emprego dos trabalhadores mais jovens, o objetivo do trabalho é analisar
para a economia brasileira qual foi o impacto das aposentadorias ocorridas no período entre
1991 e 2010 nos resultados obtidos pelos trabalhadores mais jovens no mercado de trabalho.
Utilizando uma estratégia empírica de variáveis instrumentais shift-share, estimamos que não
há impacto causal das reformas na porcentagem de trabalhadores mais jovens empregados.
No entanto, há um impacto na porcentagem de formalidade entre os trabalhadores mais
jovens. Isto pode ser impulsionado pelo fato de os trabalhadores mais jovens receberem
mais oportunidades de emprego no setor informal devido aos trabalhadores mais velhos se
aposentarem mais tarde.



O terceiro e último capítulo da tese, intitulado Eleições municipais, turnovers políticos e
seus impactos nos fluxos de pacientes entre diferentes municípios, tem como objetivo compre-
ender como os turnovers políticos e as transições de governo em eleições municipais podem
afetar o fluxo de internações entre diferentes municípios para cirurgias eletivas no Sistema
Único de Saúde (SUS). Testamos se há diferença quando o turnover ocorre na origem ou no
destino e constatamos que quando o turnover ocorre no município de destino do paciente o
efeito na queda dos fluxos entre municípios é maior e mais duradouro, enquanto que quando
ocorre no município de origem esse efeito é menor e mais curto. Além disso, testamos se há
diferença nos resultados quando há ruptura ou criação de vínculo partidário entre os prefeitos
dos municípios que fazem a ligação entre os municípios de origem-destino do paciente, e se a
participação em algum tipo de acordo de cooperação intermunicipal por meio de consórcios
públicos reduz o efeito negativo da rotatividade política e das transições governamentais no
fluxo de pacientes entre diferentes municípios. Para responder a essas questões, realizamos
um estudo de evento para verificar mudanças no fluxo entre municípios antes, durante e
depois do período eleitoral. Até onde sabemos, somos os primeiros a encontrar efeitos de
repercussão das mudanças políticas entre diferentes municípios.

Palavras-chave: Seguridade Social, Trabalho Informal, Aposentadorias, Turnover Político,
Transições de Governo, Saúde Pública.



Abstract

This doctoral thesis is made up of three essays on public policy. The first two essays are re-
lated to the topic of retirements and pension reforms, while the third essay aims to understand
how political turnovers and government transitions can affect the flow of hospitalizations be-
tween different municipalities for elective surgeries in the Brazilian Unified Health System
(SUS).

The first chapter, called The welfare effects of adopting NDC pension schemes in devel-
oping economies, studies the effect of implementing a notional defined contribution (NDC)
pension scheme in a developing economy, using a 3-period overlapping generations model.
We begin to calibrate our base economy to the Brazilian economy and test what happens in
the steady state when we adopt as a counterfactual the social security reform that occurred
in 2019, where the pay-as-you-go (PAYG) structure was maintained. We then compare the
results we find with a range of alternative NDC pension schemes within a framework that
allows for formal and informal work and age-dependent taxes. We are the first to model NDC
pension schemes in an economy that allows the informal sector. We find in our simulations
that the best pension scheme for the Brazilian economy, based on our welfare measure, is
the Beveridge with age-dependent taxation. Under this pension scheme, we have the largest
increase in aggregate variables, capital stock, consumption, output, and the lowest interest
rate, and the replacement rates for the most productive workers see the biggest declines.

In the second chapter, called The aging of the Brazilian population and the impact on
employment opportunities for younger workers, we analyze the impact of retirements that
occurred in the period between 1991 and 2010 on the results obtained by younger workers
in the labor market for the Brazilian economy. Using an empirical shift-share instrumental
variables strategy, we estimate that there is no causal impact of the reforms on the percent-
age of younger workers employed. Nevertheless, there is an impact on the formality share
within younger workers. This may be driven by younger workers receiving more employment
opportunities in the informal sector due to older workers retiring later.

In the third and final chapter, called Municipal elections, political turnovers, and their
impacts on patient flows between different municipalities, our objective is to understand how
political turnovers and government transitions in municipal elections can affect the flow of
hospitalizations between different municipalities for elective surgeries in the Brazilian Unified
Health System (SUS). We test whether there is a difference when the turnover occurs at the
origin or the destination and find that when the turnover occurs in the patient’s destination



municipality, the effect on the drop in flows between municipalities is greater and longer
lasting, while when it occurs in the municipality of origin this effect is smaller and shorter.
Furthermore, we test whether there is a difference in the results when there is a rupture
or creation of a party connection between the mayors of the municipalities, and whether
participation in some type of intermunicipal cooperation agreement through public consortia
reduce the negative effect of political turnover and government transitions on the flow of
patients between different municipalities. To answer these questions, we run an event study
to verify changes in the flow between municipalities before, during, and after the electoral
period. To our knowledge, we are the first to find spillover effects of political turnovers
between different municipalities.

Keywords: Social Security, Informal Labor, Retirements, Political Turnover, Government
Transitions, Public Health.
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CHAPTER

ONE

THE WELFARE EFFECTS OF ADOPTING NDC PENSION
SCHEMES IN DEVELOPING ECONOMIES

Abstract
This paper1 studies the effect of implementing a notional defined contribution (NDC)
pension scheme in a developing economy, using a 3-period overlapping generations
model. We begin to calibrate our base economy to the Brazilian economy and test
what happens in the steady state when we adopt as a counterfactual the social security
reform that occurred in 2019, where the pay-as-you-go (PAYG) structure was main-
tained. We then compare the results we find with a range of alternative NDC pension
schemes within a framework that allows for formal and informal work and age-dependent
taxes. We are the first to model NDC pension schemes in an economy that allows the in-
formal sector. We find in our simulations that the best pension scheme for the Brazilian
economy, based on our welfare measure, is the Beveridge with age-dependent taxation.
Under this pension scheme, we have the largest increase in aggregate variables, capital
stock, consumption, output, and the lowest interest rate, and the replacement rates for
the most productive workers see the biggest declines.

Key words: Notional Defined Contributions, Social insurance, Informal labor. J.E.L.
codes: E6, H55, J26

1.1 Introduction

To respond to the pressures from an aging population, the Brazilian government enacted
a pension reform in 2019 that changed important parameters of the pension system, such
as: unification of public and private sector rules, changes in eligibility rules, specifically the
increase in the minimum age to retire, and changes in the rule for calculating the pension

1Joint work with Carlos Eugênio da Costa.
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benefits.2 Despite some important fiscal improvements, the current commitments that burden
the system will require further reforms.

While these piecemeal reforms have been the rule in practice, the discussion of fundamen-
tal reforms that completely changes the logic of the current system have also occupied the
public debate. In particular, the idea of replacing the current pay-as-you-go (PAYG) system
by a fully funded one always arises in the debate. Two alleged benefits that such a move
would bring is increased working incentives and higher savings.

To give some context to the debate, whether the pension system should continue to be
a pay-as-you-go pension scheme or whether it should be changed to be capitalized in some
way has been a topic since the 1990s, when, after the Chilean pension reform, some Latin
America countries envisioned the possibility of also capitalizing their pensions.

Academic research was quickly produced to assess the impact of such a reform. Barreto
and Oliveira (2001), for example, found for the Brazilian economy that the Fully-Funded
systems would increase the economy’s capital, reduce interest rates, and increase wage levels,
in their study comparing steady state results for these types of reforms. The problem is that
these same conclusions are conditioned on the form of transition between pension systems.
This general conclusion is one of the main reasons why other Latin America countries do not
want to change their PAYG pension scheme to a fully funded scheme, the transition may be
too high to move forward.

The goal of this paper is to consider another type of fundamental reform that promises
to deliver some of the benefits, namely increasing work incentives, while avoiding the con-
cerns regarding transition. The idea is to replace the current system with a Notional Defined
Contribution (NDC) system and verify what are the changes in terms of welfare. In an NDC
pension scheme, pension contributions are registered in individual accounts that earns purely
notional returns defined by the government in such a way as to guarantee the system’s sus-
tainability. After the person reaches the retirement age, these accumulated contributions are
converted to na annuity. While the benefits are calculated considering the entire individual
work history, mimicking the incentive structure of fully-funded social security systems, the
financing method remains the same as the current PAYG (da Costa and Santos, 2024). This
means that benefits are paid out of current worker’s contributions, so that, to a first order,
the reform has no impact on aggregate savings, while the unchanging PAYG nature means
no transition costs.

It is important to emphasize that in addition to the issue of the fiscal cost of the transition
and the uncertainty about the demographic transition, in developing economies there are
many other questions that policy makers need to address when they think about pension
reforms. In Brazil, the economy is very exposed to any type of external economic shock, has
a large informal sector and a noisy political environment. A Notional Defined Contribution
pension system, promises to deal with a background for dealing with these issues in a less
disruptive fashion. Although we do not address the external shocks and political frictions, in

2The fiscal impact estimated by Afonso and Carvalho (2022) for the first ten years after the reform,
compared to the case without the reform, is that there will be savings of approximately US$ 190.000.000,00.
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this paper, we do take informality into account, while leaving these other features as further
motivation for thinking carefully about this fundamental reform.

We assess the welfare impacts of adopting an NDC pension scheme using a three pe-
riod overlapping generations model where we allow for two forms of heterogeneity: age and
efficiency. Moreover, our model has a framework where the individual can divide his time
working in formal and informal sector. Our main contribution to the literature is to model
an NDC pension scheme in a framework that allows informal work. We calibrate our model
parameters for the Brazilian economy and use the Brazilian economy before implement their
last social security reform as our baseline model. The 2019 pension reform changed many
parameters of the system, but maintained the system as a PAYG pension scheme, where the
link between pensions and contributions is almost nonexistent.

We start our counterfactual simulations running the 2019 reform pension scheme, and
after that we run a series of NDC pension schemes comparing the results with our baseline
findings. As in our model agents live only three periods, we cannot capture all the elements
brought by the last pension reform, including the increase in the minimum age and the
unification of rules for calculating pensions for public and private workers, as we treat all
workers as being in the private sector. What we can capture from the last reform is the
definition of only one formula to calculate pension benefits, instead the three rules existent
before the reform took place, so all comparisons we make take the other changes as given
and we interpret our NDC simulations as what would happen if Brazil had switched from the
current pension scheme benefit calculation formula to an NDC pension scheme, where the
link between future pensions and contributions are strong, the replacement rates are easier
to manage, the pension benefit formula is easy to explain to the workers, and there are much
more flexibility to change the parameters of the model in case of adverse economic situations.

In our counterfactuals, we also use age-dependent taxes to finance the pension scheme
of the economy3. As in our model the wage rates between the individuals differs due their
different productivity, we use the fact demonstrated by Akerlof (1978) that using tagging
schemes to tax individuals in this situation is welfare improving. Moreover, as we allow for
two types of productivity, aging and efficiency, we can capture not just the differences that
are natural characteristics of the individual but also the learning curve through their life-cycle
and the differences between their efficiency productivity.

Furthermore, the use of age-dependent taxes allows the individuals to consume and save
more in a period of their lives where they are more credit constrained than in older periods of
their lives, where they have not just more experience and higher earnings but also have had
enough time to save more in assets to protect themselves against any type of shocks. Even
with our model being a deterministic one, using age-dependent taxes resulted in a capital
accumulation gain, and the agents changed their decisions compared to the baseline and
other counterfactual models without age-dependent taxation.

The difference in using age-dependent taxes to finance social security compared with the
3We are not the first to use age-dependent taxes in social security contributions. da Costa and Santos

(2024) use it in their study about implement NDC schemes in the US.
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use of the general labor income taxation is twofold: (1) pension benefits depends on individual
history; (2) age plays a much larger role in pension determination than in tax determination
(Diamond, 2009). Furthermore, the way the NDC pension schemes is designed can affect the
welfare results of using age-dependent taxes. For example, we can define the NDC pension
scheme as a pure budget-balanced that does not generate intra-generational redistribution,
but if we want to generate it, we can also redesign the pension scheme that way.

In our simulations, we find that if the last reform had implemented any of the NDC
pension schemes we test, instead of maintaining the current PAYG, the welfare gains would
be at least 5.60% compared to the baseline and almost 4.8% compared to the 2019 pension
reform. Specifically in terms of pension design, we find that the best pension scheme for
the Brazilian economy based on our welfare measure is the Beveridge with age-dependent
taxation. Under this pension scheme, we have the biggest increase in the aggregate variables,
capital stock, consumption, and output. In this scenario, we have the lowest interest rate
and the replacement rates for the most productive workers see the biggest declines.

Related literature

Our work contributes most directly to the literature on social security reforms in the presence
of informality and to the literature studying the effects of implementing NDC pension schemes
on welfare.

In the first branch of literature mentioned, McKiernan (2021b) studies the case of Chilean
social security reform that transitioned from a PAYG social security system to a fully funded
system in 1981. She constructs an OLG model that allows households to split working
time between formal and informal sector, and home production. She finds welfare gains of 10
percent larger in the baseline including home production and informality in comparison to the
case with formality only. Furthermore, while the inclusion of home production increases the
long-run welfare gains, the inclusion of informality decrease long-run welfare gains through
the market wage channel. This channel provides an outside option for the workers to avoid
labor taxation in this sector.

Specifically for the Brazilian economy, we can cite McKiernan (2022) and Delalibera,
Ferreira, and Parente (2023). The first work, McKiernan (2022), studies the 2019 Brazilian
pension reform with a focus on the effects of an increase in the retirement age. She constructs
a heterogeneous-agent OLG model with endogenous retirement decision and finds that while
this reform decreases the aggregate pension costs by nearly 3 percent of GDP, it implies long-
run welfare losses depending on what type of workers we analyze. Particularly, the welfare
effects on public sector workers and for the low-income private sector workers are roughly
not affected in terms of welfare, while the private sector workers who earns above 2.000 reais
monthly experience welfare losses both in the transition and in the long-run. These long-run
welfare losses are mainly driven by the lower leisure induced by the increase in the statutory
retirement age to claim retirement benefits.

Delalibera, Ferreira, and Parente (2023) analyzes the impact that the unification of pen-
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sion systems and increasing the minimum retirement age have on the Brazilian economy.
They find that the Brazilian social security reforms affect the decision to apply to a public
job, the profile of savings over the life-cycle, and reduce the size of the informal sector. They
study the impacts of two changes in the pension system: the removal of integrality provision
for public retirees, which imposed a cap on their benefits, turning their pension benefits pro-
vision equal to the private workers, and the increase in the statutory retirement age to claim
retirement benefits. They find long-run welfare gains of 2.9% with the reforms analyzed.

For the literature studying the effects of implementing NDC pension schemes on welfare,
the closest work to ours is da Costa and Santos (2024). They study size-preserving social
security reforms that replace the current US pension system with NDCs characterized by
alternative contribution rules and deficit/GDP ratios. They find if the US system contin-
ues the current mandatory age-independent contribution rules, the implementation of NDC
pension schemes reduce welfare, while if we allow for age-dependent contributions, welfare
increases by almost 5%.

Finally, we also dialogue with works that study the welfare effects of age-dependent tax-
ation as Bastani, Blomquist, and Micheletto (2013), Weinzierl (2011), and Costa and Santos
(2018) and the literature of fundamental social security reforms represented by Nishiyama
and Smetters (2007) and Conesa and Garriga (2008).

The rest of the paper is organized as follows: section 1.2 describes the Brazilian pension
system and some of its history, section 1.3 describes our model, section 1.4 continues the
model presentation defining the pension system and our counterfactual pension schemes,
section 1.5 describes data and calibration procedures, section 1.6 shows our results, and
section 1.7 concludes.

1.2 The Brazilian pension system

The Brazilian social security system was created in 1923, by the Eloy Chaves law, which
established the beginning of the Brazilian social security system. Since then, a lot of changes
have been made in the system, and today its coverage is generalized across the country. This
section aims to explain in two subsections the Brazilian pension system in a brief and didactic
way. The first subsection shows what changes have been made by the social security reforms
that occurred before the 2019 pension reform, the last one. This introduction is necessary
to understand the benefit calculation rules which we model in section 1.4 and the results we
report in section 1.6 about the 2019 pension reform counterfactual. The second subsection
explain what were the modifications made by the 2019 pension reform in Brazil.

1.2.1 Pension scheme before the 2019 reform

The Brazilian PAYG pension scheme is divided into two regimes, one for the private workers
and other for public workers. The public pension system of private workers is the National
Institute of Social Security (INSS), which covers the majority of the retirement transfers
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made for the Brazilian workers, while the public workers are covered by the Special Social
Security Regime (Regime Próprio de Previdência Social (RPPS)), which is the public sector
social security authority. These public sector pensions are offered at the federal, state, and
local levels of government. In this paper, we only mention pension reforms at the federal
level, so the pension reforms we mention here does not necessarily affect another level of
government. In practice, if any other state or city in Brazil wants to change their public
pension system rules they need to approve their own pension reform independently.

The first pension reform that we mention here is the reform carried out during the gov-
ernment of President Fernando Henrique Cardoso, approved in 1998 by the constitutional
amendment 20 (EC 20/1998) which only affected the private workers covered by the INSS.
The main points changed by this reform were4:

1. Deconstitutionalization of the retirement adjustment formula. Before this change, all
the pension benefits had their value defined by the last 36 months of contributions
made by the employee, so for the benefit calculation it did not matter any of their
N − 36 contributions made before their last 36. This encouraged the under-declaration
of income by the employee and increased the value of benefits paid by the government;

2. Established the minimum age for retirement, being 53 years old for men and 48 years
old for women;

3. It opened the doors for the approval of law 9.876, the law which created the Social
Security Factor (Fator Previdenciário (FP)), a factor encouraging the postponement of
early retirement, which in practice reduces the pension benefits of workers who wish to
retire early.

The second pension reform was carried out during the first year of the government of
President Lula in 2003 by the constitutional amendment 41 (EC 41/2003). Unlike the reform
carried out during the previous government, this reform focused on the federal civil service
pension system. The main modifications made were:

1. Established the minimum age for retirement of federal public employees, being 60 years
old for men and 55 years old for women;

2. Established a maximum pension benefit payment (Teto do INSS );

3. Established the collection of social security contributions for retirees and pensioners,
so even after they have retired, retirees and pensioners continue to pay social security
taxes.

The third pension reform that occurred before 2019 was under the government of President
Dilma Rousseff, in a reform that was called the "bomb agenda" (Law 13.183/2015). This

4For the 1998 and 2003 pension reforms we are following Giambiagi and Estermínio (2006).
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agenda was called that way due to the fact that some of the parliamentarians wanted to
approve it just to wear down the government that was already on the verge to suffer the
impeachment at that time. The only point we mention here is a third alternative to achieve
retirement, the factor 85/95. This factor allowed the retirement with full replacement rate,
without the impact of the social security factor on the calculation of the pension benefit.
The name 85/95 is due to the fact that if the sum of the worker’s age plus contribution time
at the time of the benefit claiming is equal to 85, in the case of a woman, or 95, in the case
of a man, then the worker would receive the benefit with 100% replacement rate. After this
reform, there were three ways to claim retirement: contribution time, age and the 85/95
factor.

In practice, if the worker wanted to claim the retirement benefit by age or contribution
time, the rules were as follows:

1. Retirement by age: the worker had to have contributed to the system for at least 15
years working in the formal sector and be 65 years old, if a man, and 60 years old, if a
woman;

2. Retirement by contribution time: the worker was eligible for a pension if he had con-
tributed for the social security system working in the formal sector for at least 35 years.
For the workers who started to contribute to the system before 1998 there was a pro-
portional retirement possibility, but after the reforms, the number of people eligible to
claim is decreasing fast so we did not take this into account in our modelling.

Finally, it is worth to mention some other points here. The first is that is possible to
the public worker to engage in a supplementary pension system which consist of a private
pension system where the employee pays a higher social security tax rate to increase its
future pension benefits. As the number of people in this program is not relevant, we not even
explained it before. The second point is that the social security pension system in Brazil
pays several other types of assistance benefits in addition to the pensions mentioned here,
but as our focus is on pensions paid to private sector workers we don’t go into the details of
these other transfers. Finally, the Brazilian pension distinguishes between urban and rural
pension benefits, where the eligibility criteria are different between the two types. In this
paper, we work only with urban pensions.

1.2.2 Pension scheme after the 2019 reform

The 2019 pension reform (Constitutional Amendment 103/2019) was approved under the
government of President Jair Bolsonaro in an emergency fiscal scenario, where public accounts
were being suffocated by pension spending. Here to present the main changes made by the
reform we follow Afonso and Carvalho (2022):

1. Unification and increase in the progressivity of the social security tax rates in the INSS
and RPPS systems;
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2. Unification of the eligibility conditions to claim the retirement benefits in the INSS and
RPPS systems;

3. Unification of rules for requesting retirement. A new rule was created for requesting
retirement, where the way to calculate the pension benefit now depends on the average
lifetime income and contribution time. Furthermore, the minimum contribution period
is now 20 years. The older paths, 85/95 factor, age and contribution time were elim-
inated. Note that the 85/95 factor served to prevent the social security factor from
reducing the value of pensions, so when the latter is extinguished, the 85/95 factor is
also eliminated. Workers who were already in the job market during the approval of
the reform will follow transition rules.

In the next section we present our model in detail.

1.3 The Model

The model is a three-period overlapping generations (OLG) where the economy is populated
by heterogeneous households that differ by their age, age-specific productivity and efficiency
type productivity. In the first two-periods the households work and in the third-period they
retire. Each period length in the model represents 20 years, so the household enters in the
labor force at age of 21 years and retire at the age of 60 years old.

1.3.1 Demographics and timing

At each period t we have three living generations, two working generations and a retired one.
There are three types of households represented by their inherent productivity. In our model
there is no survival uncertainty, and all households die after the third period.

Each skill type of household is represented by a time invariant measure, µj, where j

the efficiency productivity type of the household, with
∑

j µj = 1,∀s ∈ {1, 2, 3}, where s

represents the age. The population N grows at a constant rate n, so that the dynamics of
the population growth is given by:

Nt = (1 + n)Nt−1 (1.1)

1.3.2 Households

Our economy is populated by a continuum of mass one agents in each period who lives for
three periods. Each agent has a time endowment equal to one. The agent lifetime utility is
given by:

U =
3∑

s=1

βs−1u(cst+s−1, 1− ns
t+s−1) (1.2)
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where β > 0 is the discount factor, cst and ns
t denote consumption and labor supply of the

s-year old in period t. Per-period utility, u(c, 1− n), is given by a CRRA utility function:

u(c, 1− n) =
c1−σ(1− n)ι(1−σ)

(1− σ)
(1.3)

where σ is the intertemporal elasticity of substitution between consumption and leisure.
The leisure input is defined below:

lsεj = 1− ns
εj

(1.4)

where for the definition of the labor input we follow the approach used by McKiernan
(2022) and define the leisure input of an individual with age s as a linear function of hours
spent working in the market, ns

εj
. This time working in the market is divided between work

in formal and informal sector. The difference is that in the formal sector the agent pays the
contributions for the pension system, and also the firm, and receives the pension payment
in his retirement period, while in the time he spends working in the informal sector he does
not pays any contribution, but it also does not count anything for his retirement pension
benefits. We define the labor input as a function of working time in both sectors:

ns
εj
= {aεj(ns

f,εj
)bεj + (1− aεj)(n

s
i,εj

)bεj }1/bεj (1.5)

where ns
i,εj

represents the informal labor and ns
f,εj

the formal labor of the agent with age s
with efficiency type εj. The parameter aεj governs the share of formal and informal work and
bεj will determine the substitution between the formal and informal sectors. The elasticity
of substitution between sectors is given by ϵj =

1
1−bεj

.
We assume that agents are heterogeneous in age, s, and in individual labor productivity.

The labor productivity has a common component of age given by ηs, and an individual
efficiency component, which we call the efficiency type productivity and define as εj. Let
wf and wi represent the formal and informal wages paid by formal and informal firms,
respectively. All agents pay consumption taxes, τc, and social security taxes on hours worked
in the formal sector for the economy’s pension system, T (ysf,t), where ysf,t is the formal income
of the agent of age s in period t. The consumption tax is necessary to adjust the pension
system deficit or surplus. Finally, the agents can save in a risk-free asset, ks

εj
which pays an

interest rate, r. We assume they born without any savings, so that k1
t = 0 for all agents and

they cannot have negative assets in any period of their lives. Furthermore, they consume all
their assets in the last period of life, so k4

t+1 = 0.
The budget constraint of an agent with efficiency type εj and asset ks

t in period t with
age s ∈ {1, 2, 3} is given by:
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(1+ τc)c
s
t + ks+1

t+1 =

{
Atεjηs(wf,tn

s
f,εj ,t

+ wi,tn
s
i,εj ,t

)− T (ysf,t) + (1 + r)ks
εj ,t

, for s ∈ {1, 2}
pent + (1 + r)k3

t , for s = 3

(1.6)
where At is the labor-augmenting technological progress and it grows at the exogenous

rate γ:

At = (1 + γ)At−1 (1.7)

1.3.3 Technology

We assume here that there are two representative firms in the economy, one for the formal
sector and other for the informal sector, and that they produce substitute goods. Both
produce using a Cobb-Douglas production function so that in every period t the production
of each sector is presented below:

Yft = B1K
α
ft(AtNft)

1−α (1.8)

Yit = B2K
ρ
it(AtNit)

1−ρ (1.9)

where Kft and Nft are the aggregate formal capital and labor inputs, while Kit and Nit

are the aggregate informal capital and labor inputs, α is the capital share of the formal firm
and ρ the informal one. Moreover, B1 and B2 represents the formal and the informal sector
total factor productivity (TFP), respectively.

Both, formal and informal capital, are assumed to depreciate in every period at an exoge-
nous and constant rate δ. Furthermore, the formal firm pays social security taxes, θ, while
the informal does not.

Every period, the profit maximization problems of formal and informal firms are given,
respectively, by:

Πft = B1K
α
ft(AtNft)

1−α − rftKft − wft(1 + θ)AtNft − δKft (1.10)

Πit = B2K
ρ
it(AtNit)

1−ρ − ritKit − witAtNit − δKit (1.11)

where rft and rit are the rental rate of physical capital for the formal and for the informal
sector, and wft and wit are the rental rate of efficiency units of labor for the formal and
informal sector, respectively. Note that because we have two interest rates, formal and
informal sector, we need a no-arbitrage condition in our equilibrium conditions to make both
equal.
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1.3.4 Social security budget

We define the social security budget in a general form, where all pension schemes presented in
the paper respect it. From the revenue side, the social security authority collects contributions
only from the formal hours supplied by workers, and a consumption tax is levied on everyone
to adjust the social security budget in every period t. Pension expenses are the sum of all
pensions paid in each period for agents of all efficiency types:

Tc + Tss = Pent (1.12)

The total contributions to the pension scheme are given by the contributions paid by
agents in their working life periods and formal firms.

1.3.5 Stationary equilibrium

In stationary equilibrium, given the pension scheme framework, prices, and allocations we
have that:

1. Households maximize lifetime utility subject to the budget constraint

2. Formal and informal firms maximize their profits (1.10) and (1.11) implying the first-
order conditions:

wft =
1

(1 + θ)
(1− α)B1(k̃ft)

αÑ−α
ft (1.13)

wit = (1− ρ)B2(k̃it)
ρÑ−ρ

it (1.14)

rft = αB1k̃
α−1
ft (Ñft)

1−α − δ (1.15)

rit = ρB2k̃
ρ−1
it (Ñit)

1−ρ − δ (1.16)

with k̃α
ft ≡

(
Kft

AtNt

)α
, Ñ−α

ft ≡
(

Nft

Nt

)−α

, k̃ρ
it ≡

(
Kit

AtNt

)ρ
, and Ñ−α

ft ≡
(

Nit

Nt

)−ρ

. Further-
more, in equilibrium we have that rft = rit = r∗, which is our non-arbitrage condition.

3. The aggregate variables are equal to the sum of the individual variables and the capital
market is in equilibrium

c̃t =
3∑

j=1

µj

(
c̃1εj ,t +

c̃2εj ,t

(1 + n)
+

c̃3εj ,t

(1 + n)2

)
(1.17)

Ñft =
Nft

Nt

= n1
f,t +

n2
f,t

(1 + n)
(1.18)

Ñit =
Nit

Nt

= n1
i,t +

n2
i,t

(1 + n)
(1.19)
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with

ns
f =

3∑
j=1

µjn
s
f,εj

εjηs (1.20)

ns
i =

3∑
j=1

µjn
s
i,εj

εjηs (1.21)

and

k̃ft + k̃it =
3∑

j=1

µj

(
k̃2
εj ,t

(1 + n)
+

k̃3
εj ,t

(1 + n)2

)
(1.22)

4. The budget of the social security system is balanced

5. The goods market clears

1.4 The pension system

In this section, we define three different pensions schemes that we simulate. The first is our
baseline model, the Brazilian pension scheme before the 2019 pension reform, the second is
the pension scheme implemented by the 2019 pension reform, and the last one is a general
NDC pension scheme which we use to simulate our other counterfactuals.

1. The baseline tax and pension scheme - Before the 2019 pension reform

In both Brazilian PAYG systems, there is a minimum time required working in the
formal sector to claim a certain type of pension formula benefit. Furthermore, there
are minimum and maximum pension payments defined in law, where the minimum
payment needs to be equal to the minimum wage of the economy. We define below our
formulas to calculate this working time in the formal sector, and the minimum pension
benefit.

TFS: As we have a 3 period model, we do not have how to model the working period
in years just summing the periods t. So, we calculate the working time in the formal
sector (TFS) using the formula below:

TFSεj =

(
2∑

s=1

{
aεj(n

s
f,εj

)bεj

aεj(n
s
f,εj

)bεj + (1− aεj)(n
s
i,εj

)bεj

})
× 20 (1.23)

where TFSεj is measured in years.5

5By example, if the time spent in formal sector was 60% in each period, then we have (0, 6+0, 6)×20 = 24
and the additional years will be 24− 20 = 4. If his average wage were R$ 1.000, his pension payment will be
given by:

Pension = 0, 6× 1.000 + 0, 02× 4× 1.000 = 600 + 80 = 680

It represents a 68% replacement rate.
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Minimum and maximum pension payments: The minimum pension payment is
defined to be equal to the minimum wage, which was equal to R$788, 00 in 2015. The
maximum payment of the pension system (the ceiling) was equal to R$4.663, 75, but
just for the private workers. As the majority of the Brazilian workers work in the
private sector we ignore this distinction here.

We define the penmin as being equal to the minimum wage. We model this estimating
the share of each efficiency type in the economy, µi, using the PNAD 2015 again6. It
is important to make a point here: in all the equilibrium conditions we use these same
shares for each agent efficiency type. The penmin is defined as penmin = β̂Y f , where:

Y f = µ1

(
y1f,ε1
2

+
y2f,ε1

2(1 + n)

)
+ µ2

(
y1f,ε2
2

+
y2f,ε2

2(1 + n)

)
+ µ3

(
y1f,ε3
2

+
y2f,ε3

2(1 + n)

)
(1.24)

where ysf,εj is the formal income of the agent with efficiency type j in the s−period of
their life7. We find via PNAD data that β̂ ≈ 0.5 is the value that equalize penmin to
the minimum wage.

As the minimum wage in 2015 was equal to R$788, 00, we define our tax schedule based
on the threshold values using the minimum wage as our measure variable8:

T (yf,εj ,t) =


0, 08 · yf,εj ,t if yf,εj ,t ≤ 1, 78 · penmin

0, 09 · yf,εj ,t if yf,εj ,t ∈ (1, 78 · penmin, 2, 96 · penmin]

0, 11 · yf,εj ,t if yf,εj ,t ∈ (2, 96 · penmin, 5, 92 · penmin]

0, 11 · (5, 92) · penmin if yf,εj ,t > 5, 92 · penmin

(1.25)

where yf,εj ,t is defined as the total formal income from the individual at period t.

(a) Contribution time:9

6We found that µ1 = 0, 72, µ2 = 0, 20, and µ3 = 0, 08.
7In the algorithm, these variables are all at stationary values.
8The intervals are calculated based on table presented above with data from PNAD 2015. For example:

1.399,12/788,00 = 1,78; 2.331,88/788,00 = 2,96.
9After 1998 we had the creation of the social security factor (Fator previdenciário (FP)). From then until

2019 we had two types of retirement possibility, by age and by the contribution time. We decide to assume two
important things in our modelling here. The first is to assume the minimum TFS to retirement to be ≥ 35,
which the TFS for the men. For the women the TFS need to be ≥ 30. The second assumption was to not
consider the third possibility to retirement implemented in 2015 in the Dilma Roussef’s government period
where was implemented the 95/85 factor. This factor was a possibility in which if you are a man/woman
which the sum of years of age and TFS are 95/85 you can get retired without take the FP in consideration
and get retired with full pension, which in our model would mean that penεj = yf . As our model get just
3 periods and the 2019 pension reform finished this possibility for new entrants in working force, then we
decided to avoid what we considered an unnecessary complication.
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Defining the general pension formula below as:

penεj = yf,εj ·
[
0, 31 · TFS

20

(
1 +

tr + 20 + 0, 31 · TFS

100

)]
︸ ︷︷ ︸

=Fator previdenciário (FP)

(1.26)

where tr means age of retirement, which is tr = 40 in our model10 and

yf,εj ,t =
wfεjAt(n

1
f,εj

η1 + n2
f,εj

η2)

2
(1.28)

The Brazilian federal legislation requires that the amounts paid be updated ac-
cording to inflation. Therefore, we have already included an implicit rate of return
on the pensions received. Note that if we didn’t have do this we would have the
pension received in the period t, penεj ,t, by the same formula above, but with
mean income given by:

yf,εj ,t =
wfεj(n

1
f,εj

η1At−2 + n2
f,εj

η2At−1)

2
(1.29)

Hence, if TFS ≥ 35 the pension benefit is defined below:

penεj =


penmin, if penεj ≤ penmin

penεj , if penmin < penεj < 5, 92 · penmin

5, 92 · penmin, if penεj ≥ 5, 92 · penmin

(1.30)

(b) Age:
For the age retirement case the pension general formula is given by:

penεj = max{0, 7 + 0, 01 · tr; 1} · yf ·max{1, FP} (1.31)

as tr = 40 and even when TFS = 35 we have that FP = 0, 927 < 1, then

penεj = 1, 1 · yf (1.32)

10The general formula is given by:

penεj = yf,εj ·
[
0, 31 · TFS

LE

(
1 +

tr + j0 + 0, 31 · TFS

100

)]
︸ ︷︷ ︸

=Fator previdenciário (FP)

(1.27)

where LE is the life expectancy of the individual in the time of retirement, which in our model is of one
period length, 20, and j0 is the age at which the agent enters in the labor force, also 20 years old. Although
our formulation is slightly different because the model is three-period, McKiernan (2022) also modeled the
pre-reform formula this way.
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So, the pension benefit is defined by:

penεj =


penmin, if penεj ≤ penmin or TFS < 15

penεj , if penmin < penεj < 5, 92 · penmin

5, 92 · penmin, if penεj ≥ 5, 92 · penmin

(1.33)

2. Pension scheme after the 2019 reform - The current pension system

In the 2019 pension reform the legislators’ intention was to make the system more
progressive. To do this, they increased the number of bands in the system and changed
the value of tax rates. The tax schedule was defined in the following way:11

T (yf,εj ,t) =



0, 075 · yf,εj ,t if yf,εj ,t ≤ penmin

0, 09 · (yf,εj ,t − penmin)

+0, 075penmin

if yf,εj ,t ∈ (penmin, 2penmin]

0, 12 · (yf,εj ,t − 2penmin)

+(0, 09 + 0, 075)penmin

if yf,εj ,t ∈ (2penmin, 3penmin]

0, 14 · (yf,εj ,t − 3penmin)

+(0, 12 + 0, 09 + 0, 075)penmin

if yf,εj ,t ∈ (3penmin, (5, 84)penmin]

0, 14 · (2, 84)penmin

+(0, 12 + 0, 09 + 0, 075)penmin

if yf,εj ,t > 5, 84penmin

(1.34)

As the benefit formula also change12, we need to define a new pension formula. Defining
the pension formula as PenForm = 0, 6 · yf,εj + 0, 02 · (TFS − 20) · yf,εj , we have now
that the pension payments are defined below:

penεj =


penmin, if TFS < 20 or if (TFS ≥ 20 and PenForm ≤ penmin)

PenForm, if TFS ≥ 20 and penmin < PenForm < 5, 84 · penmin

5, 84 · penmin, if TFS ≥ 20 and PenForm ≥ 5, 84 · penmin

(1.35)
11The pension reform was approved in 2019, but the rules only came into effect in 2020, therefore, we used

the values of the minimum wage and social security thresholds from 2020 to define our tax schedule. In 2020
the minimum wage was R$1.045, 00.

12See section about the Brazilian Pension Scheme above in this paper.
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It is worth to note that we assume here the TFS for the men again, which is greater
or equal to 20. The women requirement is TFS ≥ 15. Moreover, the minimum age to
retire was defined in 65 to the men and 62 for the women. In our model we assume
everybody gets retired in the third period, which corresponds to 60 years old.

3. NDC pension scheme - The general formula

We propose an NDC pension scheme as an alternative to the current PAYG system
in Brazil. The formulation we chose was as general as possible, so that we can make
several counterfactuals.

We test three social security tax schedules in our exercises, which we present below:

(a) The baseline tax schedule before the 2019 pension reform;

(b) The 2019 pension reform tax schedule;

(c) A linear tax rate where all agents pay the same tax rate in each period:

T (ysf,εj ,t) = τs · ysf,εj ,t (1.36)

where s ∈ {1, 2} and τ1 and τ2 does not need to be the same.

The general pension formula for our NDC pension scheme is given by:

PenNDC,εj = penmin+ ζpen[(T (y
1
f,εj

)+ θy1f,εj)(1+d)2+(T (y2f,εj)+ θy2f,εj)(1+d)] (1.37)

where T (y1f,εj), T (y
2
f,εj

) are paid by the worker and θ paid by the firms, while d repre-
sents the return rate from the NDC pension system13. Although in our modeling we
have allowed for a rate of return d, in our simulations we will assume d = 0 unless
stated otherwise. As presented before, ysf,εj is the formal income earned by the εj type
efficiency agent in the s period of his life.

For the first two tax schedules the pension benefit formula is presented below:

penεj =


penmin, if TotalContrib ≤ penmin or TFS < 15

PenNDC,εj , if PenNDC,εj < MaxPenINSS

MaxPenINSS, if PenNDC,εj ≥ MaxPenINSS

(1.38)

where TotalContrib represents the sum

TotalContrib = (T (y1f,εj) + θy1f,εj)(1 + d)2 + (T (y2f,εj) + θy2f,εj)(1 + d),

13Again, here the value received will already be updated, as pointed before. Hence, any d > 0 represents
a return rate greater than it happens in the actual system.
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MaxPenINSS is the maximum pension benefit paid by the INSS, and penmin is defined
ex-ante for each counterfactual simulation.

For the last tax schedule the pension benefit is slightly different:

penεj =

{
penmin, if TotalContrib ≤ penmin

PenNDC,εj , if TotalContrib > penmin

(1.39)

where there is no MaxPenINSS in this case.

In our theoretical exercises, we can define penmin as we want, even though the Brazil-
ian’s law does not allow for penmin < minimum wage. So, we will test the following
cases:

(a) Beveridge system: penmin > 0 and ζpen = 0, with penmin assuming a previously
defined value.

(b) Bismarck system: penmin = 0 and ζpen = 1.

(c) NDC: penmin > 0 and ζpen ∈ (0, 1).

The Beveridge system is the case where all agents receive the same minimum pension
benefit, independently of their past contributions. In the other hand, the Bismarckian
system represents a case without minimum pension benefit, so every agent receives a
benefit related with their past contributions only, without any intragenerational redis-
tribution. What we call here NDC, is the intermediate case, where there is a minimum
benefit, but there is also a pillar relating the agents future benefits to their past con-
tributions while working in the formal sector14.

In the PAYG formulations we presented before, the system always required a minimum
time working in the formal sector to receive a pension benefit, while here it does not
need to happen. When we are in the Bismarck system, there is no need for require any
contribution time to the agent receive the benefit, because there is no minimum benefit
depending on it. In Brazil, this discussion happens mainly due to the fact that many
women do not reach this minimum contribution time in practice. Note that we are
convexifying our pension system compared to the others frameworks presented before,
as the pension payment comes closer to the individual past contributions.

14Note that the Bismarck is an NDC pension system too.



18 1.5. Data and calibration

1.5 Data and calibration

1.5.1 Data

The data source we use to estimate our parameters is from the 2015 sample of Pesquisa
Nacional por Amostra de Domicílios (PNAD)15. PNAD is a national representative survey of
Brazilian households that contains information about demographic, employment, and other
characteristics. Using this data set, we can verify if the households are working formally,
informally, and if they are splitting their time between these sectors. We use this data set to
estimate productivity parameters and to define the moments for our calibration procedure
of other parameters.

1.5.2 Parameters

The parameters {γ, n} were defined using the government statistics from the last 20 years.
For {α, ρ} we follow Giambiagi, Ferreira, et al. (2013). The parameters {β, ι, σ} are standard
in the literature. To estimate the productivity we divide our sample from PNAD by formal
income in certain intervals, using the official 2015 minimum wage as a measure and estimated
both, age and efficiency productivity, using the same regression presented below:

ln

(
y

nf

)
i

= β0 + β1Dε2,i + β2Dε3,i + β3idadei + β4idade
2
i + ui (1.40)

where i represents the individual, y is the total income, nf the formal work hours, β0

represents the reference to individual who is efficiency type 1, Dεj the dummy for efficiency
type when j ∈ {2, 3}, and idade and idade2 are the variables we use to calculate the age
productivity.

We present the results in the table below:

Table 1.1: Individual Parameter Values

Parameter Description Value
Efficiency type
ε1 yf ≤ 2 min. wages 1.0
ε2 yf ∈ (2min. wages, 5min. wages) 2.17
ε3 yf ≥ 5min. wages 6.14
Age productivity
η1 age ∈ [21, 40] 1.0
η2 age ∈ [41, 60] 1.128
Notes: yf represents formal income.

15To read the 2015 PNAD we used the Data Zoom Portal. For this reason, we would like to thank the Data
Zoom Portal, from the Department of Economics at PUC-Rio, for the IBGE microdata access programs.
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The other parameters were estimated using a minimum distance method or we took from
related literature:

X⃗ = {B2, aε1 , bε1 , aε2 , bε2 , aε3 , bε3} (1.41)

The table including all the parameters and its values found is presented below16:

Table 1.2: Parameter Values

Parameter Description Source Value
Economy
n Population growth IBGE 0.20
γ GDP per capita growth IBGE 0.30
Utility function
β Discount factor Standard 0.67
σ IES Standard 2.0
ι Leisure parameter Standard 2.0
Production
B1 Formal firm TFP Calibrated 1.0
B2 Informal firm TFP Calibrated 0.1021
α Capital share of the formal firm Standard 0.45
ρ Capital share of the informal firm Standard 0.20
δ Capital depreciation rate Standard 0.7
θ Formal firm tax rates Legislation 0.20
Labor input
aε1 Share of formal work type ε1 Calibrated 0.3958
aε2 Share of formal work type ε2 Calibrated 0.9364
aε3 Share of formal work type ε3 Calibrated 0.9159
bε1 Substitution parameter type ε1 Calibrated −0.3167
bε2 Substitution parameter type ε2 Calibrated −0.0835
bε3 Substitution parameter type ε3 Calibrated −0.9270

1.5.3 Model fit

In this section we show how the model fit with data.
We construct all the targeted moments using 2015 PNAD data. Note that in the table 1.3,

yf and yi represent the formal and informal income of agents, respectively, and ytotal = yf +yi

16n = 0.20 represents the average population growth from 2000 until 2019, γ represents the average
GDP per capita growth from 2000 until 2019, β = 0.67 is equivalent to 0.9820, while δ = 0.7 comes from
1− δ = (1− 0.06)20. The parameters α and ρ we defined based on the 0.4 capital share estimated for Brazil
presented in Giambiagi, Ferreira, et al. (2013). As in the PNAD nearly 80% of agents income comes from
the formal sector we made a simplification to adjust the capital share parameters in our two sector economy:
0.8 × 0.45 + 0.2 × 0.2 = 0.4. Finally, B1 = 1 was defined as the basis while B2 was internally calibrated by
the model comparatively to B2.
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Table 1.3: Model fit

Variable Data Model Source
Targeted moments∑

s

∑
εj
yf/

∑
s

∑
εj
ytotal 0.81 0.7215 PNAD∑

s ytotal,ε1/
∑

s

∑
εj
ytotal 0.41 0.4125 PNAD∑

s ytotal,ε2/
∑

s

∑
εj
ytotal 0.25 0.2660 PNAD∑

s ytotal,ε3/
∑

s

∑
εj
ytotal 0.33 0.3215 PNAD∑

s yf,ε1/
∑

s

∑
εj
yf 0.28 0.2807 PNAD∑

s yf,ε2/
∑

s

∑
εj
yf 0.31 0.3435 PNAD∑

s yf,ε3/
∑

s

∑
εj
yf 0.41 0.3758 PNAD

Untargeted moments
Capital investment 15.52% 8.72% IBGE
Replacement rate ε1 101% 123% Silva Filho et al (2021)
Replacement rate ε2 72.9% 99% Silva Filho et al (2021)
Replacement rate ε3 52.7% 58% Silva Filho et al (2021)
Contr. density Age Ret. 43.3% 51.47% Silva Filho and Sidone (2022)
Contr. density Cont.Time Ret. 89.4% 92.8% Silva Filho and Sidone (2022)

the total income of agents. So,
∑

s

∑
εj
yf/

∑
s

∑
εj
ytotal is the ratio between the total formal

income of the economy held by agents over the total income of the economy held by agents.
It is important to mention that those are not ratios between formal output over total output,
but ratios between the income held by agents separated by their efficiency type εj and age s.

For untargeted moments of pension measures, we define the replacement rates and the
contributory densities17 based on two government studies, Silva Filho et al (2021) and Silva
Filho and Sidone (2022), who took a microdata sample of workers who get retired in 2018 in
Brazil. We focus on male observations of the these studies. The replacement rate measure
they use for each retired worker i is given by:

RepRateiT ∗ =
BiT ∗[∑T∗−1
T∗−n

Rit

n

] , (1.43)

where BiT ∗ is the pension benefit value of the retired worker when he retired in the period T ∗;
Rit is the formal income of the worker i in the moment t, with t < T ∗, and n is the number
of months took in consideration to calculate the average formal income of the worker, where
in the study they use n = 36.

For the replacement rates statistics we present here we filter the data presented by them
17The contributory density is defined as:

ContDensity =
#Years contributing

Age of retirement − 16
(1.42)
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to take only the age retirement pensions for ε1 and ε3 efficiency types and contribution time
for ε2 efficiency type, as in our model the TFSεj was greater or equal 35 for the ε2 efficiency
type only. We only report the numbers for the age retirement pensions for the normal case,
but there is the possibility to get the age retirement pension by disability retirement, which
is also considered age retirement but by health issues. If we add this case, the replacement
rates data for ε1 and ε3 goes to 110% and 57, 1%. The replacement rates we calculate using
our model are all based on the average lifetime formal income only, while Silva Filho et al
(2021) calculated the replacement rates using only the last 36 month contributions made by
the workers. As in our model each period represents a 20 year period length, we do not have
how to create a measure exactly equal of their studies. As in our model the agents offer less
labor supply in the second period, if we have used the second period formal income as our
denominator the replacement ratio generated by the model would increase considerably.

The contributory density is calculated slightly different from them, as they have the total
number of working years of each worker, while in our model we consider that every agent
works for 40 years, so the numbers are again an approximation only. In our baseline model
the only efficiency type agent who retired by contribution time possibility was the ε2, while
ε1 and ε3 retired by age eligibility criteria. So to calculate the contributory density for
the contribution time retirement case, we just take the ratio TFSε2/40, while for the age
retirement case we take the weighted average ratio

µ1 ·
TFSε1

40
+ µ3 ·

TFSε3

40
= 51.47%.

If we only take the ratio for the efficiency types separately we have that

TFSε1

40
= 19.09/40 = 47.73% and

TFSε3

40
= 34.03/40 = 85.01%.

Even though we know our model statistics for the untargeted moments are just rough
approximations, we think these moments are interesting to compare to understand where our
model results are when comparing with real data.

1.6 Results

In this section, we present the results obtained with our model. We make all our comparisons
based on steady state results and take the consumption equivalent change (CEC) as our
welfare measure to define what pension scheme it is the best for the Brazilian economy based
on our model. In the first subsection, we discuss the differences between our baseline results,
the economy before the 2019 pension reform, and the economy after the 2019 pension reform.
In the following subsection, we present the results for three possibilities using the NDC
pension scheme: Bismarckian, Beveridge and an intermediate NDC system between them,
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where the first two are extreme cases of our basic NDC pension scheme18. We discuss the
differences between implementing a pension reform using an NDC pension scheme compared
to our baseline and the 2019 reform. In the third subsection, we focus on run the same models
we analyze, but using age-dependent taxation to finance the pension benefits. We implement
this by reducing the taxation of the first period by 40% and increasing that of the second
by 40% as well. Finally, we discuss other alternatives NDC pension schemes that may be
proposed for the Brazilian economy by policy makers in the future and compare them with
the others pension schemes.

1.6.1 2019 pension reform

The analysis of the effects of the 2019 pension reform requires some caution. The main
changes made by the 2019 pension reform were: the unification of retirement rules for public
and private workers, the increasing of the minimum age to apply for retirement, and the
change in the retirement benefit calculation rule. In our model, we only take into account
the third system change, and we do not make distinctions between private and public workers.
Furthermore, we do not model the 85/95 rule here, so this is another point that diminishes
the welfare gains we find. Hence, all comparisons in terms of welfare gains need to take
into account only the effect of the retirement benefit calculation rule on the economy, so the
interpretation should be as follows: “What would be the differences if the rule adopted was
not the same as the 2019 reform, but rather one of the NDC pension schemes we defined?".

The welfare measure we use is the CEC. Let the U0 be the lifetime utility of our bench-
mark, we define the CEC through the ∆ below:

∆ =

(
U1

U0

)1/(1−σ)

− 1 (1.44)

where U1 is the counterfactual lifetime utility. We want to know what increase in con-
sumption is necessary for the agent to obtain the same lifetime utility as the counterfactual
in the benchmark pension scheme, so that:

U0((1 + ∆)C, 1−N) = U1(C
′, 1−N ′) (1.45)

Table 1.4 presents the main results we find19. With the implementation of the 2019 pen-
sion reform, the aggregate variables of capital stock, output, consumption, and labor supply

18In this results section, we call Bismarck the case in which individuals receive a pension based only on
what they contribute, i.e., when the minimum pension parameter is zero, while the case where all individuals
receive only a minimum pension as pension benefit is the Beveridge pension scheme. The intermediate case
between them is what we call the intermediate NDC pension scheme.

19In all tables the variables are presented in stationary values. For example, k̃f represents the formal
capital stock in steady state. Penw

εj means the value of the pension benefit received by the efficiency type
j in terms of minimum wages. So if Penw

εj = 3.70 it means that the agent receives a pension worth 3.70
minimum wages. The variable Nk,εj represents the total effective labor supply in the sector k by the efficiency
type j agents.
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increase in the steady state, while the interest rate decreases, and the replacement rates of
the most productive workers decrease, but not much. The most productive workers continue
to receive the maximum pension benefit allowed by the system, while the intermediate pro-
ductivity worker receives pension benefits of 3.47 minimum wages instead of 3.70. The less
productive worker continues to receive the minimum pension benefit. In terms of welfare
gains, the general gain is of 0.83%, with the intermediate type benefiting the most. Notice
that the drop in consumption tax is small. This happens because the number of people
receiving the minimum benefit in the economy is greater than 70%, and the new benefit
calculation rule is not linking the benefits received to the contributions made.

Table 1.4: Comparison of pension schemes

Variable Baseline Reform Beveridge1 NDC1 Bismarck1

k̃f 0.0079 0.008 0.0097 0.0088 0.0091
k̃i 7.42e− 04 7.53e− 04 8.9e− 04 8.14e− 04 8.63e− 04
ỹf 0.1032 0.1034 0.1131 0.1078 0.1104
ỹi 0.0217 0.0218 0.0234 0.0226 0.0236
c̃ 0.1140 0.1141 0.1232 0.1183 0.1214
wf 0.0562 0.0567 0.0614 0.059 0.059
wi 0.0199 0.0199 0.0204 0.0201 0.0202
Nf 0.84 0.83 0.84 0.84 0.85
Ni 0.87 0.88 0.92 0.90 0.93
τc 0.021 0.019 −0.045 −0.012 -0.027
r 8.53% 8.47% 7.87% 8.20% 8.12%

∆total − 0.83% 11.40% 5.60% 6.72%
∆ε1 − 0.82% 11.38% 5.58% 6.46%
∆ε2 − 0.99% 11.55% 5.71% 8.55%
∆ε3 − 0.52% 11.29% 5.50% 8.56%

rep.rateε1 123% 123% 123% 123% 55%
rep.rateε2 99% 94% 28% 60% 64%
rep.rateε3 58% 57% 9.5% 36% 54%
Penw

ε1
1.0 1.0 1.0 1.0 0.45

Penw
ε2

3.70 3.47 1.0 2.16 2.32
Penw

ε3
5.92 5.84 1.0 3.80 5.60

penmin 0.0118 0.0118 0.0130 0.0124 0.0126
Nf,ε1 0.32 0.32 0.32 0.32 0.32
Ni,ε1 0.99 0.99 1.03 1.01 1.06
Nf,ε2 1.40 1.37 1.36 1.36 1.37
Ni,ε2 0.32 0.31 0.31 0.31 0.32
Nf,ε3 3.83 3.84 3.96 3.93 3.96
Ni,ε3 1.56 1.58 1.77 1.72 1.80
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1.6.2 NDC pension schemes

In the implementation of the NDC pension schemes we test many pension designs, and we
analyze each them from now on. The first pension schemes we test are: the Beveridge
system with minimum pension payment being equal to one minimum wage, the NDC with
a minimum wage payment and ζpen = 0.5, and finally the Bismarck system, where there is
no minimum pension and ζpen = 1. Remember that this last pension scheme is only possible
in theoretical exercises, because Brazilian law would not allow this to be implemented. We
use the same tax schedule actually present in the Brazilian pension system to let it more
comparable to the 2019 pension reform, and because it is unlikely that it would be reverted
by the Brazilian parliamentarians. We use the subscript 1 in these NDCs to differentiate
them from the other NDCs we analyze later in which we use other tax structures.

1. Beveridge 1

In this scenario we have the biggest increase in the aggregate variables of the economy.
The formal capital stock increase more than 22%, the formal output 9.59%, the informal
output 7.83%, while the aggregate consumption more than 8%. In the price side, we
have an increase of 9% in formal wages, 2.5% in informal wages, and a drop of more
than 7% in the interest rates. In the labor side, we have an increase of almost 6% in
the aggregate informal labor supply, driven by the ε1 and ε3 efficiency types agents.
This happens because the Beveridge system represents a disincentive for agents to seek
formal work in the economy, since now the gain of becoming formal is low in terms of
future pension benefits.

In terms of pension benefits, the replacement rates of the more productive workers drop
much more in comparison to the baseline or the 2019 reform, while the less productive
workers continue to receive a minimum wage as a pension. The formal labor supply
of the ε3 agent increase 3.4%, while the informal increase more than 13%. The less
productive increase its informal labor supply by 4%. Note that while the intermediate
agent goes from a scenario in which he receives a pension worth 3.70 minimum wages to
1 minimum wage, the most productive goes from 5.92 minimum wages to 1 minimum
wages. Still about pensions, note that with the increase in the economy total output,
the minimum pension of the economy increase by more than 10%, going from a value
of 0.0118 to 0.0130.

The welfare effects are huge. The model predicts welfare gains for efficiency types, even
with the fall in the replacement rates for ε2 e ε3. Comparing with the 2019 pension
reform rule the welfare gains are more than 13 times. This result is driven by the fall in
the consumption taxes, that goes from 0.021 in the baseline to −0.045 in the Beveridge
case, the increase in the steady state capital stock, and in the increases in the formal
labor supply of the more productive workers, Nf,ε3 , and total informal labor supply,
Ni.
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2. NDC 1

The NDC alternative we propose returns results that go in the same direction of what
we have in the Beveridge system. The differences are the magnitudes of the results we
find. The increases in the steady state capital stock are nearly 11.4% instead of the
22.78% of the Beveridge scheme, while the increases in the formal and informal output,
total consumption are high but not as in the Beveridge, with the same been valid to
the drop in the interest rates. In the labor side we find an increase in the formal and
informal labor supply of the most productive workers.

The replacement rates fall only for the most productive workers, but they still receive
2.1 and 3.8 minimum wages in pensions, respectively, which is between 2/3 of what
they receive in the baseline case. The consumption taxes are negative again, as in the
Beveridge scheme, and the minimum pension also increase as a result of the personal
income increase for all agents. Furthermore, the welfare gains are approximately half
of what we find in the later case.

3. Bismarck 1

In the Bismarck pension scheme we have an extreme case in which the agent receives
benefits only based on their past contributions, then the incentives structure changes
compared to previous cases. We observe bigger increases in the aggregate variables
compared to the NDC case, but smaller then the Beveridge scheme. The increases are
in the capital stock, output and consumption as before, but here we have the biggest
value for the total informal labor supply, mainly driven by Ni,ε1 and Ni,ε3 .

In the pension benefits side we have the only case in which the less productive worker
do not receive a pension benefit worth one minimum wage, instead he receives 0.45
minimum wage as a pension. The replacement rate drops from 123% of the baseline
case to 55%. Even though it seems to be bad to the agent, the welfare gains here are
higher for all efficiency type agents than what we observed in the 2019 reform and in the
NDC system. This is mainly driven by the fall in consumption taxes, which allows for
the agents to accumulate capital from the first to the second period of life. Comparing
with the other two NDC alternatives, this is the second best scenario.

1.6.3 Use of age-dependent taxation in pension schemes

In this subsection we discuss the results we find after estimating the same pension schemes
present in table 1.4, but now using age-dependent taxation in the tax schedule. We implement
this by reducing the social security tax rates for the first period of life by 40% and increasing in
40% in the second period. We present the results in table 1.5. In all scenarios the comparison
is made against the baseline presented in table 1.4.

Analyzing our results, we see that using age-dependent taxation improves the welfare in
all pension schemes we estimate by at least 2.87%, going up to 14.40% in the Beveridge
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case. Comparing the same models with age-dependent against the case with age-dependent
gives to us an improvement in aggregate variables also, with the capital stock, output and
consumption increasing in all scenarios. The formal wages increased more than 3% in all
scenarios, the formal labor supply, Nadt

f , is smaller or equal than in the normal case, Nf ,
while the informal, Nadt

i , is greater or equal to Ni.
The mechanism by which the age-dependent taxation act in our pension schemes is as

follows: the drop in the first period social security tax rates increases formal income in
the first period, which increases not only consumption in the first period, but also capital
accumulation. This greater capital accumulation increases consumption in the second period
even with a lower equilibrium interest rate in the age-dependent case than in the base scenario.
Therefore, we have an increase in aggregate consumption in the first two periods, although
not necessarily for all types of agents. The increase in the second period tax rates levies on a
lower formal income, as in the model agents offer a lower labor supply in the second period
of life. Therefore, as a result we have agents paying less labor income taxes throughout
their lives, where even with a higher consumption tax rate than in the base scenario leads to
welfare gains for all types of agents. In the aggregate we have a lower tax burden on income
and a slightly higher on consumption.

These results we find are in a setting where agents born without assets but can save from
one period of their lives to the next, young agents face lower income social security tax rates
than older workers, but this is different from the results that Weinzierl (2011) finds in which
the agents cannot borrow or save in a dynamic Mirrleesian framework.

1.6.4 Pension schemes for policy making

In this final subsection we discuss a few other NDC pension schemes which can be interesting
for future public policy in Brazil. We run six other models we present below and present in
table 1.6:

1. Beveridge2, NDC2 and Bismarck2: the same models as we show in table 1.4 but
keeping the social security tax schedule of the Brazilian pension system before the 2019
reform.

2. NDC3 and NDCadt
3 : this model is an NDC with a minimum pension equal to one

minimum wage and assuming ζpen = 0.5, but with agents paying the same tax rate in
both periods independently of their efficiency types, where τ1 = τ2 = 0.10 and there is
no MaxPenINSS.

3. Beveridge2
1: in this case we simulate a scenario in which the minimum pension is equal

to two minimum wages.

In the NDC pension schemes in which we use the older social security tax schedule, we
find welfare improvements compared to the baseline, but the welfare gains are not as high as
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in the NDC pension schemes we estimate using the actual tax schedule. All the results we
find go on the same direction, but with an small impact on welfare.

In the case of linear taxation that is equal to all agents, we find this system is dominated
by all other NDCs pension schemes we test. Furthermore, when we apply age-dependent
taxes in this structure, there is a huge drop in the supply of formal and informal labor by
the more productive workers in the economy, and consumption taxes are higher than in the
other NDC pension schemes.

Finally, when we test the Beveridge pension schemes providing a minimum pension of 2
minimum wages, we have the only case in which we find welfare loss for some of the efficiency
types of agents. The efficiency types ε2 and ε3 suffer a welfare loss in this case, while the
least productive worker has the smallest welfare gain compared to the baseline in all cases
we test, although pension replacement rates increase from 123% to 246%. Compared to the
baseline case, we have reductions in output, consumption, and formal and informal labor
supply. Furthermore, this is the scenario where we have the highest consumption tax.
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Table 1.5: Comparison of pension schemes using ADT

Variable Baselineadt Reformadt Beveridgeadt1 NDCadt
1 Bismarckadt

1

k̃f 0.0085 0.0086 0.0104 0.0094 0.0098
k̃i 7.93e− 04 8.02e− 04 9.52e− 04 8.72e− 04 9.27e− 04
ỹf 0.1056 0.1058 0.116 0.1105 0.1135
ỹi 0.0222 0.0223 0.0239 0.0231 0.0242
c̃ 0.1161 0.1163 0.1254 0.1207 0.1243
wf 0.0583 0.0586 0.064 0.061 0.062
wi 0.0201 0.0201 0.0206 0.0204 0.0204
Nf 0.83 0.83 0.83 0.83 0.84
Ni 0.88 0.88 0.93 0.91 0.95
τc 0.0241 0.022 −0.0414 −0.0094 -0.0275
r 8.26% 8.22% 7.6% 7.92% 7.84%

∆total 2.87% 3.48% 14.40% 8.60% 9.86%
∆ε1 2.49% 3.09% 14.0% 8.20% 9.21%
∆ε2 5.85% 6.64% 17.8% 11.78% 14.85%
∆ε3 3.52% 3.89% 15.07% 9.33% 12.78%

rep.rateε1 124% 123% 123% 123% 54%
rep.rateε2 99% 94% 28% 57% 59%
rep.rateε3 57% 56% 9.0% 36% 53%
Penw

ε1
1.0 1.0 1.0 1.0 0.44

Penw
ε2

3.64 3.44 1.0 2.04 2.12
Penw

ε3
5.92 5.84 1.0 3.84 5.64

penmin 0.0121 0.0121 0.0133 0.0127 0.0130
Nf,ε1 0.31 0.31 0.31 0.31 0.32
Ni,ε1 1.0 1.0 1.05 1.02 1.07
Nf,ε2 1.37 1.35 1.33 1.33 1.36
Ni,ε2 0.33 0.32 0.32 0.31 0.33
Nf,ε3 3.83 3.84 3.96 3.93 3.95
Ni,ε3 1.61 1.62 1.82 1.77 1.85
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Table 1.6: Comparison of pension schemes with others NDC alternatives

Variable Beveridge2 NDC2 Bismarck2 NDC3 NDCadt
3 Beveridge21

k̃f 0.0097 0.0088 0.0091 0.0085 0.0093 0.008
k̃i 8.9e− 04 8.13e− 04 8.6e− 04 7.8e− 04 8.55e− 04 7.4e− 04
ỹf 0.1135 0.1083 0.1110 0.1063 0.1097 0.1019
ỹi 0.0234 0.0225 0.0236 0.0219 0.0226 0.0215
c̃ 0.1235 0.1187 0.1220 0.1165 0.1194 0.1124
wf 0.0613 0.0587 0.0593 0.0582 0.061 0.06
wi 0.0204 0.0201 0.0202 0.0201 0.0204 0.02
Nf 0.85 0.85 0.86 0.84 0.82 0.82
Ni 0.92 0.90 0.93 0.87 0.89 0.86
τc −0.046 −0.0134 −0.03 −0.019 -0.015 0.03
r 7.9% 8.2% 8.13% 8.3% 7.9% 8.5%

∆total 11.17% 5.46% 6.6% 4.7% 8.5% 1.5%
∆ε1 11.16% 5.47% 6.38% 4.5% 7.95% 1.9%
∆ε2 11.14% 5.41% 8.17% 6.30% 12.97% −1.34%
∆ε3 11.54% 5.81% 8.86% 1.85% 7.62% −1.43%

rep.rateε1 124% 124% 56% 121% 122% 246%
rep.rateε2 27.40% 58% 62% 57% 56% 56%
rep.rateε3 9.56% 36% 53% 40% 39% 19%
Penw

ε1
1.0 1.0 0.45 1.0 1.0% 2.0

Penw
ε2

1.0 2.13 2.29 2.10 2.1 2.0
Penw

ε3
1.0 3.7 5.45 4.1 3.98 2.0

penmin 0.0130 0.0124 0.0127 0.0122 0.0126 0.0117
Nf,ε1 0.32 0.32 0.32 0.32 0.32 0.31
Ni,ε1 1.03 1.01 1.05 1.0 1.01 0.98
Nf,ε2 1.38 1.38 1.40 1.37 1.35 1.32
Ni,ε2 0.32 0.32 0.33 0.32 0.33 0.29
Nf,ε3 3.95 3.92 3.95 3.82 3.77 3.87
Ni,ε3 1.76 1.72 1.79 1.57 1.49 1.60
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1.7 Conclusion

We find in our simulations that the best pension scheme for the Brazilian economy, based
on our welfare measure, is the Beveridge with age-dependent taxation. Under this pension
scheme, we have the largest increase in aggregate variables, capital stock, consumption,
output, and the lowest interest rate, and the replacement rates for the most productive
workers see the biggest declines. This conjecture of low interest rates with lower replacement
rates for the most productive workers, inducing them to have to save on capital assets is what
seems to explain our results, given that the metric we use is based on consumption gains.

The second best pension design we find is the Bismarckian with age-dependent taxes,
where the pension benefits to be received depend entirely on how much individuals have
contributed throughout their working lives. Again, the greater accumulation of capital in the
economy under the current interest rate is what appears to explain these results.

Finally, the implementation of age-dependent taxes improves all pension schemes by at
least 2.87%, and even the cases of intermediate NDC pension schemes show better results for
economic variables than those obtained with the 2019 pension reform.
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TWO

THE AGING OF THE BRAZILIAN POPULATION AND THE
IMPACT ON EMPLOYMENT OPPORTUNITIES FOR

YOUNGER WORKERS

Abstract
In this work1, we analyze the impact of retirements that occurred in the period between
1991 and 2010 on the results obtained by younger workers in the labor market for the
Brazilian economy. Using an empirical shift-share instrumental variables strategy, we
estimate that there is no causal impact of the reforms on the percentage of younger work-
ers employed. Nevertheless, there is an impact on the formality share within younger
workers. This may be driven by younger workers receiving more employment opportu-
nities in the informal sector due to older workers retiring later.

Key words: Retirements, Social insurance, Professional Labor Markets, Informal labor.
J.E.L. codes: H55, J26, J44, J46

2.1 Introduction

The Brazilian population’s aging process is already a well-known fact. The main question
this has brought in terms of economic debate has been the issue of the growing number
of pensions paid by the Brazilian government.2 This occurs because the eligibility rules for
obtaining the social security benefit were designed in a way that encouraged a greater number
of retirees. Consequently, the result of this is a greater number of older people who are out
of the workforce, and receiving pension benefits from the government.

1I thank Professor Bruno Barsanetti for the guidance provided in preparing this chapter and for the
comments received when presenting this chapter at the EPGE Applied Micro workshop.

2In Brazil, pensions and retirement do not mean exactly the same thing. Retirement is the benefit received
by those who stopped working and met the contribution, age or disability requirements stipulated by Social
Security System, while pension is the benefit received by family members of a beneficiary who died, or in
specific situations. In this work we will use these terms interchangeably.
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The most immediate consequence of this is strong pressure on the government’s fiscal side,
which, in turn, has been remedied through pensions reforms whose main objectives were to
reduce the replacement rates of retirement payments and postpone the payment of benefits
through changes in the eligibility rules to obtain the benefit.3 These changes in the social
security system have occurred not only in Brazil, but in the majority of countries around the
globe that are already facing the aging process. The fiscal implications are the reduction of
government social security benefits payments and increasing tax revenues from labor taxes
(Gruber and Wise, 2010).

In addition to this imposition of working longer due to pension reforms, the Brazilian
labor supply of older workers has been growing for other reasons such as improvements in
health and longevity, rising education and a large increase in female labor supply. At the
same time, there is growing concern about how greater labor force participation by older
people may be impacting the employment opportunities of younger workers. Gruber and
Wise (2010) looked into this issue and tried to understand the relationship between the labor
force participation of older persons and the labor force participation of the younger ones.
One of the main doubts is whether there would be a limited number of vacancies in the job
market, which is known as the lump theory of labor markets. This theory claims that delayed
retirements by older workers could result in higher unemployment rates among the young
people (Munnell and Wu, 2012). The other view of this relationship is that older workers are
valuable to firms in a way that their experience complement the skills of the younger workers
of the firm, and that they contribute to aggregate job creation by retiring later (Mohnen,
2024).

Studying the relationship between the retirements of older workers and the employment
opportunities of younger workers is extremely important from the point of view of formulating
public policies for both age groups. Among the reasons why we should care about under-
standing this issue are: (1) Age structure is an extremely relevant factor in the job market;
(2) The first job can have a strong impact on the occupational trajectory of younger workers;
(3) The increase in the number of people with a degree in an economy where the demand
for qualified people is not growing at the same pace, may lead to people filling vacancies in
positions whose return on education is lower than expected;4 (4) The problem of growing
pension expenses will force the Brazilian government to promote new pension reforms in the
near future to deal with this issue. Furthermore, changes in the Brazilian social security
system have been aimed at: (1) Strengthening the link between a worker’s past contributions
and the value of the future retirement benefit; and (2) Increase the minimum age to obtain
the benefit. Therefore, workers are increasingly encouraged to stay longer in the job market.

The goal of this work is to answer the following question: Did the retirements of older
workers that occurred during the period from 1991 to 2010 have any impact on the results
obtained by younger workers in the Brazilian labor market? To answer this question we

3See Da Costa and Da Rosa (2024) for more about the Brazilian pension reforms history.
4To better understand these first three reasons we mentioned, you can see the works of Corseuil et al.

(2014); Carrijo, Monsueto, and Cardoso (2020); and Marioni (2021).
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need to be careful, as unobservable changes in labor demand can affect both the decision
to retire of older workers and the employment rate of younger workers. Knowing this, we
will build on Mohnen (2024) and use an instrumental variables (IV) approach that relies on
geographic variation in the age composition among the old people to isolate the labor supply-
side component of retirements and compare the evolution of younger workers employment
outcomes across Brazilian microregions that experienced differential retirements over this
period. Taking into account the two pension reforms that took place in Brazil during the
period we analyze, our analysis mostly address the variation in retirements as the impact
that fewer retirements have on the results of younger workers in the labor market.

The main finding of this paper is that although fewer retirements does not lead to lower
employment levels among younger workers, it does impact in terms of the work sector in
which younger workers are employed, given that a lower number of retirements implies a
higher rate of informality among younger workers.

The rest of the paper is organized as follows: section 2.2 describes the literature related
to our paper, section 2.3 describe the data we use to construct our variables used in the
model, section 2.4 describes our empirical strategy, section 2.5 shows our results, and section
3.5 concludes.

2.2 Related Literature

This paper dialogues with the literature that studies the labor market impact of retirements,
and builds on the work of Mohnen (2024), who construct the empirical strategy that we use
to estimate the impact of retirements on the labor market. He explores cross-commuting
zone differences in age composition among the old to estimate the impact of retirements on
youth labor market outcomes to the U.S. economy. The main finding of his work is that
the retirements affect the younger workers not through changes in employment share, but
through professional opportunities being restricted to low-skill jobs. He finds that fewer
retirements lead to a decline in the share of younger workers working in high-skill jobs and
an increase in the share working in low-skill jobs, a decline in younger workers’ wages and
lower job mobility.

The literature also tries to test if there is a crowding out effect between the older and
younger employment rates estimating directly the effect of the employment rate of older
people on the younger and prime-aged workers employment outcomes. Works such as those by
Gruber and Wise (2010), Munnell and Wu (2012), and Jin (2017) directly use the relationship
between the labor force participation rates between these age groups to estimate if there is
some crowd out effect between older and younger workers. They found little or no evidence
that greater labor force participation of olders affect the younger workers.

Works that also can be related to ours, are the studies that analyze the effects that an
increase in the statutory retirement ages have on the labor markets. Boeri, Garibaldi, and
Moen (2022) focused on a pension reform that took place in Italy in 2011 that increased the
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minimum retirement age. They found that this increase displaced more middle-aged workers
than the younger ones, and that there is not a one-to-one increase in the number of older
workers in the firms that were more affected in terms of demography of their workers.

Other work studying the Italian reform is Bertoni and Brunello (2021), that analyze the
causal effects of a local increase in the pool of senior workers who were too young to retire
after the reform. They find that the employment of youth and middle-aged workers declined
due to reform, and that an important part of the total employment change was due to firm
turnover. These effects inside firms are also studied by Carta, D’Amuri, and Wachter (2021),
for Italy again, and Hut (2024), for the Netherlands reform.

We also contribute to the literature that studies the relationship between social security
reforms and the informal sector for the Brazilian economy. The majority of these works use
overlapping generations models to understand the decision to offer work in the formal or
informal sector. (Da Costa and Da Rosa (2024); Delalibera, Ferreira, and Parente (2023);
McKiernan (2021a)). As far as we know, we are the first to use microeconometric methods
to estimate how the retirements of older workers can affect the share of younger working in
each sector of the Brazilian economy.

2.3 Data description

The data sources we use in this research are the 1991, 2000, and 2010 Brazilian Demographic
Census conducted by The Brazilian Institute of Geography and Statistics (Instituto Brasileiro
de Geografia e Estatística (IBGE)).5,6 In this research, we create three groups of variables:
10-year retirement rates, outcomes for different demographic groups, and control variables,
all at the local labor market level. We construct all variables using census sampling weights.
We divide our output variables by age groups following Mohnen (2024): we define younger
workers as individuals aged between 22 and 30, middle-aged as those aged between 31 and
44, and workers aged 45+ as older workers. Our interest variables are employment, unem-
ployment, formality, informality, pension contributors, and out-of-labor force rates. We will
use three censuses to construct two periods of 10 years, with our main results using the data
in panel format.

Our definition of a local labor market is based on an approximation we make of the
concept of commuting zones (CZ), which are defined as clusters of counties characterized by
strong commuting ties within CZs and weak commuting ties across CZs. For the Brazilian
economy, we use the closest definition of CZ that we found, which is a microregion. IBGE

5The variables of the Brazilian Demographic Census change from an edition to another, in a way that
we had to make choices in order to standardize our constructed variables. During data treatment work, we
always seek to standardize variables from one census to another in order to make the results as comparable
as possible.

6To read the 2000 and 2010 Censuses we used the Data Zoom Portal. For this reason, we would like
to thank the Data Zoom portal, from the Department of Economics at PUC-Rio, for the IBGE microdata
access programs.
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adopt the following definition of the regional division of Brazil. They define a territorial
division by mesoregions, a subdivision of a Brazilian state, formed by several municipalities
that have similar economic and social characteristics. A microregion is defined as part of a
mesoregion that has characteristics that vary in geographic, cultural, historical, and economic
terms. Brazil is divided into 137 mesoregions and 558 microregions7.

2.4 Empirical Strategy

2.4.1 Main equation

In this paper we address the impact of retirements in the Brazilian labor market between
1991 and 2010 across microregions that have experienced differential retirement rates over
this period, focusing on the results of younger workers. The idea is that changes in the
pattern of retirement may affect differentially the labor demand for different groups in the
population.

Our empirical strategy follows Mohnen (2024), which, to avoid endogeneity problems
that we discuss momentarily, uses an IV approach to measure retirements in commuting
zones for the USA. For the Brazilian case, we use microregions instead of commuting zone
variables. Our main econometric equation regresses 10-year differences of various outcomes
on retirements over 10 years for two time periods (1991-2000, 2000-2010), where we adjust
in the first period to extend this 9-year to 10 years so that our outcomes and the retirements
variables are multiplied by 10/9 to make our results comparable between periods. We also
control for start-of-period microregion characteristics as presented in the equation below:

∆ym,t = αt + β ·RET 45+
m,t + Γt · Controlsm,t−10 + εm,t (2.1)

In the above equation, m represents the microregion, t is the period. Controls include
start-of-period variables of the microregion that we think may be correlated with retirements
and labor market outcomes. We added the following variables as controls: the female em-
ployment share, the unemployment rate, the share of people with college degrees and high
school, the share of informal workers, the share of demographics as old, young, and middle-
aged people, and a variable for the share of black people in the microregion. The period fixed
effects, αt, absorb the national component of changes in outcomes and retirements that are
common to all microregions in the period.

Our main coefficient, β, captures the effect of an increase of one percentage point in re-
7The number of meso and microregions are constant over the period analyzed by this research, although

we know that the borders across each meso and microregion could have been changed a little over the period
due to the creation of municipalities and other variations that have occurred along the 20 years we analyze.
For now, we assume there is no difference between them to get our results. As future robustness checks, we
intend to test whether our results would change when we use the concept of Minimum Comparable Area
(AMC) to change microregions whose municipalities were divided throughout this period, which would allow
us to have a more precise approximation of the variations in these microregions over time.
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tirements on changes in the labor market outcomes over the 10 years analyzed. In the next
two subsections, we describe our two estimators possibilities and discuss the IV methodology
we adopt here. In all regressions we make, observations are weighted by the period-specific
initial microregion national population share to lend more weight to more populous microre-
gions, and we cluster standard errors at the mesoregion level to allow for within mesoregion
correlation in error terms.

2.4.2 Retirement and employee variables

In this section, we explain a choice made in the construction of our OLS and IV retirement
estimators. Only for the construction of our estimator variables, empam,t represents the em-
ployed individuals of a-years-old from the microregion m in period t that do not receive a
retirement benefit, with a going from 45 to 80-years old, therefore, older workers. In all other
cases in this work, employed worker means an employed person that may or may not receive
retirement or pension benefits. We make this choice because, unlike other countries like USA
or some European countries, it is quite common in Brazil for an individual to become eligible
to claim his retirement benefit, obtain his retirement benefit, and choose to continue to work.
So, as our OLS estimator is designed to measure the actual retirements in a microregion, and
the IV estimator is the variable we construct to be the predicted retirements, with the rel-
evance of the instrument being closely related to the capacity to predicted these leaves of
the labor market, we choose to exclude these individuals that receive retirement or pension
benefits to capture exactly the effect of the retirements in the same spirit that the original
instrument was constructed by Mohnen (2024) for the US.

Furthermore, we must explain another aspect that makes the analysis for the Brazilian
case different from that for the US. Americans tend to exit the labor force at specific ages.
This makes it possible to predict what fraction of people will retire in a given commuting
zone over the next 10 years simply based on their initial age composition (Mohnen (2024)).
Unlike the American case, in Brazil until 1998 there was no minimum age requirement to
claim retirement benefits. The first law to establish a minimum age for retirement was
approved in 1998 under the government of Fernando Henrique Cardoso, which established
53 as the minimum age for retirement for men and 48 for women. The law only applied to
workers in the private sector. The civil service law that established the minimum age for
retirement of federal public employees was only approved under the government of President
Lula in 2003. It determined that men would need to be at least 60 years old and women at
least 55 years old to retire.

Therefore, after these reforms, 10-year retirement rates became more likely to be pre-
dicted, bringing the behavior of retirements in Brazil closer to what occurs in the American
economy. In the next subsections, we present our estimators and explain their construction.
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2.4.3 OLS estimator

At the beginning of this empirical strategy section, we present the main equation that we
estimate. We emphasize that our main goal is to understand the effect of retirements on the
labor market outcomes of younger workers. Our measure of retirements in microregion m

over the period t − 10 to t is defined using the ratio of workers aged between 45 and 80 to
the population aged 16+ at time t− 10 minus the ratio of workers aged between 55 and 90

years old to the population aged 26 years old and over at time t:

RET 45+
m,t =

emp45−80
m,t−10

pop16+m,t−10

−
emp55−90

m,t

pop26+m,t

(2.2)

This variable represents the percentage change of older employed workers who do not
receive any retirement benefits over the economically active population in a 10-year period.
It represents our percentage of retirements in 10 years, even though this measure captures
more than just retirements we use this as our OLS estimator8. What we consider to be
a worker’s retirement is the case when he receives the retirement benefit and leaves the
workforce. From now on, we refer to this variable as the actual retirements. This age range
can capture the majority of retirements that occurred in Brazil since 1991, the first year of
our Census samples. As presented in Camarano, Kanso, and Fernandes (2012), the average
retirement age in 1998 in Brazil ranged from 49 to 67 years old, for retirement that are not
related to disability. As mentioned in Mohnen (2024), dividing by the total economically
active population we can make the magnitudes comparable across microregions. As shown
in the histogram presented by the figure 2.1, the actual retirements differ by a considerable
amount depending on the microregion and the period analyzed.

In the first period, 1991-2000, the distribution ranges from 1 to 13.5 percent, with a
median of 7.1 percent, while in the period from 2000-2010, the distribution ranges from 1 to
11 percent, with a median of 5.6 percent. We believe that this drop in the actual retirements
presented from one period to another is related to the two social security reforms that occurred
between these periods9, and also due to the different economic situations that the country
experienced in each decade analyzed, with the last one being much more prosperous than
the previous one.

2.4.4 The problem of endogeneity

The problem with the approach using our OLS estimator is that our β is likely biased due to
two reasons. The first one is because the variable RET 45+ does not capture only flows from

8Note that we are not using the proportion of older workers in the economically active population as our
independent variable, as we are not analyzing the effect of the labor force participation of older people on
the outputs of younger people, but rather the effect of a greater or lesser variation in total retirements on
these results. See Gruber and Wise (2010), Munnell and Wu (2012), and Jin (2017) for works that analyze
the relationship between the labor force participation of older people and that of younger people.

9The first pension reform took place in 1998 and the second took place in 2003.
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Figure 2.1: Retirements distribution across microregions

employment to inactivity, but also captures the flows due to turnovers that occur in the labor
market of individuals going from employment to unemployment. The problem with that is
that hires and separations can be strongly correlated to the state of the economy, which affects
the younger workers too. The second reason is also related to the state of the economy since
the state of the economy is likely to influence older workers’ decisions in terms of retirement.
Hence, the retirement flows being sensitive to economic conditions highlights the fact that
our RET 45+ variable reflects the labor supply and demand-side variation (Mohnen, 2024). In
the next subsection, we show our instrumental variable approach to deal with this problem.

2.4.5 Instrumental Variable Approach

The main concern in our estimations is related to the endogeneity problem that can arise
using the OLS estimator. To deal with this problem we use the following instrumental
variable presented below:10,11

R̃ET 45+
m,t =

80∑
a=45

popam,t−10

pop45−80
m,t−10

·

[(
emp

pop

)a

(−m),t−10

−
(
emp

pop

)a+10

(−m),t

]
(2.3)

10With the difference explained earlier about the exclusion of the employed workers who receive retirement
benefits.

11See Mohnen (2024) for more details about the construction of this instrumental variable approach.
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where
(

emp
pop

)a
(−m),t

are national employment rates by age a in period t, excluding the microre-

gion m under consideration to avoid any mechanical correlation in the first-stage relationship.
The term popam,t−10/pop

45−80
m,t−10 is the share of people aged a in the microregion m at period

t − 10 over the total population aged between 45 and 80 years old in the microregion m at
period t−10. This share represents the propensity to retire of the microregion m. From now
on, we will refer to this variable as predicted retirements.

This method is called the shift-share methodology, or the Bartik instrument, which are
weighted averages of a common set of shocks, with weights reflecting heterogenous shock
exposure (Borusyak, Hull, and Jaravel, 2022). This type of IV is used in a range of areas of
the economy whose problems analyzed are dealing with some problem of endogeneity. We
use it to deal with the endogeneity problem that arises when we approach our problem using
the OLS estimator defined earlier12. This method is based on an identity that decomposes
the variable we are dealing with in three effects: national growth effect, structural, and
local share effect (differential)13. In our variable we can see these three effects: the first term
popam,t−10/pop

45−80
m,t−10 represents the local share effect, also known as the differential component,

which in our problem is the microregion-specific 45+ age shares and is designed to compare
areas with differential shares of people that are likely to retire, which does not mean areas
with differential shares of older people in general, because as people tend to retire at specific
ages, it is not only the percentage of older workers that matters, but rather the percentages
at certain ages (Mohnen, 2024).

The second term
(

emp
pop

)a
(−m),t−10

−
(

emp
pop

)a+10

(−m),t
is the national growth effect, here repre-

sented by 10-year national retirement rates by age, excluding the local labor market from
microregion m under consideration from this difference, precisely to avoid the problem of lo-
cal labor market and retirement rates correlation present in the actual retirements variable.

The third and last term is the structural one,
(

emp
pop

)a
(m),t−10

−
(

emp
pop

)a+10

(m),t
, representing the

idiosyncratic microregion m 10-year retirement rate, which is excluded from the instrument
to avoid the endogeneity problem. The instrument acts in the following way, if more retire-
ments occur in micro-region m due to the economic situation of the local labor market, then
the instrument isolates the change resulting from national variations from local variations in
micro-region m.

The construction of this instrument aims to isolate the causal impact of retirements
interacting one exogenous variable, which in our problem is the initial 45+ age distribution
(differential exposure of the microregion m), with other representing common shocks, i.e.,
national retirement rates by age. The validity of the IV approach depends on the exogeneity
of our local share variable, a hypothesis that we consider plausible for the Brazilian economy.

12The main references on this method are Goldsmith-Pinkham, Sorkin, and Swift (2020) and Borusyak,
Hull, and Jaravel (2022).

13A short and didactic explanation about the decomposition in three effects of the shift-share instrument
can be found at Macedo and Monasterio (2016).
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Hence, assuming that age composition among the old is orthogonal to local labor markets’
economic conditions and that it only affects the younger workers through their retirements,
we can use our IV approach to isolate the causal impact of the retirements on the labor
markets outcomes of interest (Mohnen, 2024).

Figure 2.2 displays the histogram with the predicted retirements for the two 10-year
periods side by side. The first thing to note is the difference in the magnitude compared
to the retirement variable used as our OLS estimator. In the IV estimator case, we have
for the 1991-2000 period the median being 0.26, with a minimum of 0.23 and a maximum
of 0.29, while for the 2000-2010 period, we have 0.17, 0.16, and 0.19 for these statistics
respectively. This difference can be explained by the denominator used in each estimator
definition, whereas in the OLS case, we divide by all the population with more than 16 years
old, in the IV we use the population with more than 45 years old. We see a substantial drop
in predicted retirements from one period to another as in the actual retirements. Note that
the distribution of observations is much less spaced in the second period than in the first
in the IV estimator figure, so it seems to be a standardization in the age at which people
are retiring. In the Appendix A we present our results of the first stage estimations for the
complete period and separated by decade. In terms of statistical significance, our instrument
passes the weak IV F-stat rule of thumb of 10, with an F-stat of 68. In the next section we
present and discuss our results.

Figure 2.2: Predicted retirements distribution across microregions
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2.5 Results

2.5.1 The impact of retirements on younger workers

We start our analysis by interpreting the results presented in table 2.1 that shows the impacts
of the retirements of 45+ years-old workers on the labor market results of the 22-30 years-old
workers, the younger ones. The columns of the table represent our labor market outputs14,
while the rows show the estimates using the OLS estimator in the first and the IV estimator
in the second row.

Our interpretations can be made in two ways. First, is to use the direct interpretation
which is what is the impact of a 1 percentage point increase in retirements in the outcome
variable. Second, is to consider the opposite sign of the retirements coefficients in the table,
i.e., what is the impact of fewer retirements in the output variable. We think it makes sense
here to use the second interpretation because Brazil has experienced pension reforms aimed
at reducing the amount of retirements. To understand the consequences of these changes has
an important value in terms of public policies.

The OLS estimates presented in table 2.1 in columns 1 and 2 show that one percentage
point fewer retirements are related to a 1.15 percentage point increase in the employment
rate and a decrease of 0.65 percentage point in the unemployment rate with both results
being statistically significant.

These results show us precisely the idea that retirements occur less in locals where the
economy is doing well, or in the other scenario, with more retirements being correlated with
more unemployment in the case in which the worsening of the job market leads to more
people asking to retire or simply giving up looking for work. Column 6 presents another
result that confirms what is happening when we see that a 1 percentage point increase in
retirements implies an increase of almost 0.8 percentage points of the out-of-labor-force rate.
As described by Mohnen (2024), this type of result shows why it is so challenging to estimate
the causal impact of retirements using cross-sectional variation.

The estimation using our IV approach tells us a different story. In columns 1 and 2 we
see that the results go in the same direction in terms of sign, but not in terms of statistical
significance. This result means that the 10-year retirement rates of older workers have no
causal impact on the employment or unemployment rates of the younger workers during this
period15. The causal impact on the out-of-labor force rates of younger workers also has no
statistical significance. These results seem to refute the idea that there are a limited number
of vacancies in the job market, at least in the long run.

Now we start to discuss the main differences in our work compared to the literature. This
is displayed in columns 3, 4, and 5. We present the causal impact of 10-year retirement
rates on the informality, formality, and pension contributions rates. While Mohnen (2024)

14For a detailed description of how we define each variable used as output see Appendix B.
15Mohnen (2024) also found these results. See Gruber and Wise (2010), Munnell and Wu (2012), and Jin

(2017), for studies that found no causal effect but using the older workers’ labor force participation as the
main independent variable.
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look for the impact in the jobs in terms of skills, we look for the sector of work in terms of
formality and informality rate. The OLS estimates show that the decrease of 1 percentage
point point in retirements increases the informality rate of younger workers by 0.55 percentage
point and decreases the formality rate in the same magnitude16, while the younger workers’
pension contribution rate decreased by more than one percentage point. The IV estimates
for these outputs go in the same direction but with a bigger impact. In this case, the impact
of the retirements is that the decrease of one percentage point in retirements increases the
informality rate of younger workers by 2.18 percentage points and decreases the formality
rate by 2.25 percentage points. Furthermore, the younger workers’ pension contribution rates
decrease by almost 2 percentage points.

This result presents a challenge to design public policies for the Brazilian labor market
because the aging process and the consequences for the social security system in terms of costs
will continue to happen. Hence, what the results are suggesting is that, while there is no direct
effect on the employment rates of younger workers, the opportunities they receive can be
deteriorating over time. Furthermore, we have a situation in which due to the fiscal imbalance
that is already occurring in the Brazilian social security, the labor market entrants need to
contribute to the pension system for a longer time to receive their pensions in the future.
However, if they are getting jobs in the informal sector they are probably not contributing
to the pension system and cannot achieve the requirements to get their pensions.

2.5.2 The impact of retirements on middle-aged workers

We will also look for the impacts on our next age group of workers, which are middle-aged
workers17. The OLS estimates presented in table 2.2 in columns 1 and 2 show us that
one percentage point fewer retirements are related to an increase of 1.27 percentage point
in employment rate and a 0.48 percentage point decrease in unemployment. In Column 6
we see that 1 percentage point fewer retirements decrease the out of labor force share by
1 percentage point. Again, we have these results corroborating our prior that economic
conditions can influence the local labor market results. If we do not prevent the local labor
market mechanical relationship to arise in our estimations, we can make incorrect inferences
about the causal relationship between retirements and labor markets outputs. Unlike the
younger workers’ outputs, our OLS estimates for the middle-aged workers show no statistical
significance in terms of variation in formality and informality rates. The magnitude is also
much smaller, being less than 1/3 of the younger workers’ case.

The IV estimates present results related to employment and unemployment rates with
no statistical significance, as in the younger workers case, but of different magnitudes. Even
though they are not significant results, it seems interesting to discuss this difference in magni-

16We know that this complementary result is directly based in the way we defined formal and informal
workers, but we still present both variables in our tables for two reasons: (1) as a consistency check of our
results, and (2) it is a way of comparing the impact on the formal employment rate (column 4) with the
impact on the social security contributor rate (column 5), due the fact they are not same in practice.

17We present the results for workers aged between 16-44 years old in the Appendix A.
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tude, because these values can indicate different substitution rates between middle-aged-old
workers and young-old workers. We can think about it as the seniority of workers protect-
ing them more in terms of turnovers in comparison to the younger ones, which have higher
turnover rates. In column 6 we also have no significant result, but with a lower coefficient
compared to the younger workers. Columns 4, 5, and 6 present the retirement impacts on the
formal, informal, and contributions outcomes of middle-aged workers with results very simi-
lar to the younger workers’ case, with a slightly higher magnitude. Hence, we have that even
workers with more experience in the job market are affected by fewer retirements through
not receiving opportunities to work in the formal sector of the economy. It is not surprising
that this result occurs due to the size of the informal sector in Brazil.

2.5.3 The impact of retirements on older workers

The last age group of workers we analyze here are older workers. Analyze the labor market
results of this group is important not only to show the coherence of our results but also to
understand the dynamics of the labor market throughout the entire life cycle. The OLS and
IV estimates for the outcomes of older workers have higher coefficients for employment rates
and out-of-labor force workers than any other age group, which is expected since the effect of
retirement on older workers is likely to be at least partially mechanic because a worker that
receives their retirement leave the labor market. Only here, our interpretation will be made
in terms of the increase in retirements. Our OLS estimates in table 2.3 show us that a 1
percentage point increase in retirements implies a decrease by 2.47 percentage points in the
employment rate of older workers and an increase in the out-of-labor force of 2.3 percentage
points, which seems to indicate that there is a mechanical relationship between these two
variables in this case. The unemployment rate increases by 0.57 percentage point for each 1
percentage point increase in retirements with statistical significance, which goes in the same
direction as the OLS estimates for the other age groups of workers. The main difference in
our estimates for older workers compared to the other groups is that the formal and informal
rates change the signal in the OLS case, and the signal of the coefficients of formality rate
and pension contributor are different.

The fall in formality and increase in informality rate in bad economic conditions can
explain these results for the OLS estimates because microregions with worse economic situa-
tions can have more people retiring and a decrease in the employment rate and increase in the
unemployment and informality rates as consequences. However, the mechanism underlying
the increase in the pension contributors rates for older workers due to retirement is not clear
as the formality share is decreasing.

Our IV estimates show us a complementary framework in comparison with younger work-
ers in terms of statistical significance. Here, we have the increase in retirements implying
a decrease in employment and out-of-labor force rates, no unemployment rates effects, and
no significant effect on the formal-informal shares. Hence, there is no deterioration in job
opportunities for older workers due to fewer retirements, contrary to what happens in the
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case of younger workers.
Even though they have no statistical significance, the formality rate in the IV estimates

has a positive coefficient, which can explain the increase in pension contributors’ rates due to
the increase in retirements. The signal of formality rate can indicate that the retirement of
1 percentage point of older workers can open vacancies in the job market for another senior
worker to formalize.
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2.6 Conclusion

In this work we evaluate the impacts of retirements of older workers on the labor market
results of younger workers in the Brazilian economy during the period from 1991 to 2010.
We use the geographic variation in age composition among the elderly to isolate the labor
supply side component of the reforms and compare the evolution of the employment results of
younger workers in Brazilian microregions that experienced differentiated retirements during
this period.

We find that although fewer retirements does not lead to lower employment levels among
younger workers, it does impact younger workers in terms of work sector they are employed in,
given that a lower number of retirements implies a higher rate of informality among younger
workers. Middle-aged workers are also affected by the retirements of older workers, with
the coefficients we find being slightly higher than those we find for younger workers. These
results we find are consistent with the results that Mohnen (2024) finds for the American
economy, where the effect of older workers’ retirements is not directly on the employment of
younger workers, but on the type of jobs these young people hold.

In terms of policy making, our results show that the pension reforms that have already
occurred and those that are yet to occur and that focus on older workers can also affect
the results obtained by younger and middle-aged workers without these results having been
anticipated by policy makers. In a country like Brazil, where the informal sector is large
and the concern about workers’ future pension protection is great, our results may raise new
questions to be answered when the next pension reforms are discussed.
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2.A Appendix A - Tables

Table 2.A.1: First Stage Results

Dependent Variable: RET 45+
2000 RET 45+

2010 RET 45+
Panel

Model: (1) (2) (3)

Variables
R̃ET 45+ 0.3925∗∗∗ 0.6530∗∗∗ 0.4563∗∗∗

(0.1156) (0.1190) (0.0945)

Fixed-effects
Year Yes Yes Yes

Fit statistics
Observations 558 558 1,116
F-test (1st stage) 27.5 55.8 68.1
R2 0.63080 0.84137 0.84174

Note: All regression include the following start-of-period microregion controls: share of
young (22-30), middle-aged (31-44) and old (45+) population, share of informal workers,
share of female employment, unemployment rate, share of college educated population, share
of population with high-school degree, share of black population. Observations are weighted
by the initial microregion population share. Clustered standard errors in parentheses at
mesorregion level. Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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2.B Appendix B - Output variables description

In this appendix, we describe the variables we use as the explained variable in our regressions.
In the regressions that we performed, we used the definitions below, dividing by the age groups
indicated in the tables.

• The employment rate is the employed people over the total population;

• The unemployment rate is the ratio of the total number of people looking for a job to
the sum of the total number of people looking for a job and the total number of people
employed or who have a job but are on leave;

• Our definition of formal work is whether the worker has a formal contract or not. Thus,
we define the formality share of workers as the ratio between the total number of formal
workers and the total number of employed workers;

• Our definition of informal work is whether the worker do not have a formal contract.
Thus, we define the informality share of workers as the ratio between the total number
of informal workers and the total number of employed workers;

• The contributor rate is defined as the total number of people who have a formal contract
or contribute to the INSS even without being formal workers in relation to the total
number of workers;

• We define Out of the labor force as people who is neither employed nor looking for a
job in relation to the total population.



CHAPTER

THREE

MUNICIPAL ELECTIONS, POLITICAL TURNOVERS, AND
THEIR IMPACTS ON PATIENT FLOWS BETWEEN

DIFFERENT MUNICIPALITIES

Abstract
This work1 aims to understand how political turnovers and government transitions in
municipal elections can affect the flow of hospitalizations between different municipali-
ties for elective surgeries in the Brazilian Unified Health System (SUS). We test whether
there is a difference when the turnover occurs at the origin or the destination and find
that when the turnover occurs in the patient’s destination municipality, the effect on
the drop in flows between municipalities is greater and longer lasting, while when it
occurs in the municipality of origin this effect is smaller and shorter. Furthermore, we
test whether there is a difference in the results when there is a rupture or creation of a
party connection between the mayors of the municipalities, and whether participation in
some type of intermunicipal cooperation agreement through public consortia reduce the
negative effect of political turnover and government transitions on the flow of patients
between different municipalities. To answer these questions, we run an event study to
verify changes in the flow between municipalities before, during, and after the electoral
period. To our knowledge, we are the first to find spillover effects of political turnovers
between different municipalities.

Key words: Political Turnover, Government Transitions, Intergovernmental Relations,
Public Health. J.E.L. codes: D72, H75, H77, I18

3.1 Introduction

Policymakers assigned to handle the provision of local public goods must take into account
that a health service offered by one municipality may be used by people from other munic-
ipalities in the same region, or even from other more distant locations. In Brazil, people

1Joint work with Valdemar Pinho Neto.
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must often travel to receive the health treatment they need in another municipality, due to
limitations in hospital infrastructure in their home cities.

For those who depend on the public health system to receive any type of health treatment,
be it medication, consultations, births, or surgeries and need to travel from one city to another
it is common for them to face possible difficulties in accessing the health service they need
beyond the travel distance to the health establishment. In particular, the provision of health
services may be subject to differential rationing for those from other municipalities when a
municipality is hit by adverse shocks to its finance. These may, in turn, be aggravated by a
political calculus.

In this work we aim to answer four research questions: (1) Can turnover occurring in a
municipality affect the flow of patients who reside in other municipalities, but are treated
in this municipality?; (2) Are there differences in the results when the turnover occurred in
the municipality of destination or origin?; (3) Does the party alignment (or misalignment) of
the mayors of the municipalities of origin and destination affect the flow of patients between
municipalities?; and (4) Can municipalities that participate in some type of intermunicipal
cooperation through public consortia reduce the negative effect of political turnover and
government transitions on the flow of patients between different municipalities?

The literature that analyzes the effects of travel distances on health outcomes shows
that increased distance to the closest hospital increases deaths for some health emergencies
(Buchmueller, Jacobson, and Wold, 2006). Hence, one of the main determinants of the total
flow of patients who will receive health treatment from one municipality to another is the
distance between these two municipalities. Furthermore, another variable related to distance
that is very important in defining where a person will receive medical care through the
Brazilian public health system (Unified Health System (SUS)) is the Health region. Health
regions are regions formed by bordering municipalities that share cultural, economic, and
social identities, communication networks, and transport infrastructure. The purpose of
these regions is to integrate the organization, planning, and delivery of health actions and
services. In this case, two municipalities belonging to the same health region increase the
flow of patients between them.

Our focus in this article is on the public health sector, which makes it necessary to clarify
some issues related to how care is provided in Brazil. Unlike the private sector, which has
the flexibility to adjust the supply of health services and to change its quality to answer to
changes in demand, in the public sector the government is often who defines the choice of
hospital for the patient. It acts like a central planner to be able to meet the demands of the
entire population given the restrictions they face. This does not mean that patients have no
choice, but that the choices they can make are not conditioned by how much they are willing
to pay in monetary terms for the specific health procedure, but rather by their willingness
to travel to be treated in a specific hospital.

An important issue in this search for health care is the fact that, since these are public
services, their provision is subject to negative shocks resulting from the economic situation in
which the country finds itself. When the government’s public finances are facing hardships,
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the need to adjust and cut costs often takes the form of unrestricted across-the-board cuts,
which implies that the public health sector will also face financial shocks that restrict the
supply of health care.

The other factor that can affect the provision of health care is political. In this case, the
literature studying the relationship between politics and public services has been growing in
recent years. The channel that the literature has studied to date to verify this relationship
between local politics and the provision of public services is through political turnovers and
government transitions. Akhtari, Moreira, and Trucco (2022) is probably the most popular
work to study the topic, showing how political turnover in mayoral elections in Brazil affects
the provision of public education services by local governments. After them, other works
such as Toral (2024), Araújo, Machoski, and Melo (2024), and Arruda and Rocha (2024) also
studied how political turnover affects the delivery and the quality of public health services.

We believe that the work most related to ours is Arruda and Rocha (2024). They study
how political turnover and government transitions impact health services and infant health
outcomes in Brazilian municipalities using close elections to identify their empirical event
study strategy. We also analyze the impact of political turnovers and government transitions
on the provision of public health services but in a different way.

In our work, we look for the possibility of spillover effects that an electoral turnover in one
municipality may have on other municipalities that are not experiencing it, whether border
municipalities or not. The channel through which we believe these spillover effects can be
detected is the flow of patients between the two municipalities. If a municipality experiences
electoral turnover, the changes that occur within the government bureaucracy and during the
transition period may affect the delivery of public health services, as appointed by Araújo,
Machoski, and Melo (2024) and Arruda and Rocha (2024). We focus on municipal elections
to analyze the effect of turnovers on the flow of patients between two different municipalities.

Furthermore, we make two other alternative estimations using our database to analyze
the impact of turnovers on patient flows between different municipalities. In the first al-
ternative estimation, we try to estimate whether the fact that two mayors from different
municipalities belong to the same party, forming a political alliance, can positively affect
the flow of patients between municipalities, whether due to hidden agreements, ideological
issues or personal relationships built during the political life of the bureaucrats commissioned
in each municipality. Therefore, we try to understand what happens when a connection is
broken due to political turnover, and whether this may have an additional negative impact
on the delivery of public health services in the municipalities involved.

In the second estimate we test, we consider whether the municipality have some type of
intermunicipal cooperation agreement to see if this can help to protect the population from
the effect of turnover in the provision of public health services. Nascimento et al. (2021)
refers to intermunicipal cooperation agreements as a pact among municipalities, made in
order to provide public services2. Among the main instruments of federative cooperation for

2In Brazil, intermunicipal cooperation is a strategy most used in the areas of solid waste and in the public
health sector (Nascimento et al., 2021).
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the production of policies and provision of public services we have the Public Consortiums
Law (Federal Law 11.107/2005) (Linhares and Cunha, 2010). A public consortium is an
organizational arrangement provided for in Brazilian law, through which municipal, state or
federal governments choose to act collectively to solve problems of common interest and in
specific territories. These cooperation agreements aim to address problems that would require
more financial, technical and human resources or that could not be solved if a government had
to deal with them alone (Nascimento et al., 2021). Thus, we analyze whether in cases where
municipalities have an intermunicipal cooperation agreement through a public consortium
we have any difference in the effect of turnover and government transitions.

We use data on hospitalizations in the SUS contained in the Hospital Information Sys-
tem (SIHSUS) database and focus on two types of hospitalizations to answer our research
questions: (1) hospitalizations for elective surgeries, and (2) hospitalizations for oncological
surgeries, which we use here as non-elective surgeries3. We make this division because we
believe that some types of medical procedures can be postponed and others cannot. Postpon-
able procedures are those procedures that we believe are more exposed to shocks occurring
during election periods or fiscal tightening, while more urgent procedures would not be af-
fected due to their very nature of posing an imminent risk to life if postponed. Diseases
such as cancer are diseases that need to be treated as quickly as possible, as the risk of
death increases over time, while elective surgeries, despite causing suffering to patients, do
not significantly increase the risk of death when they are postponed.

Figure 3.1 shows exactly what our suspicions are regarding the level of exposure to elec-
toral political factors. In this figure, we present the total number of hospitalizations for the
two types of surgeries when the patient’s cities of origin and destination are different. We
divide the figure by election and by type of surgery, elective or non-elective. Our prior is that
during electoral periods, i.e., when political turnovers and government transitions occur, the
health supply service is affected, and, consequently, the flow of patients between two different
municipalities for elective surgeries is affected too, while the flow for oncological surgeries is
not affected due to the urgent nature of the case4. We analyze the 2012 and 2016 elections,
so our figure shows the total number of hospitalizations one year before each election took
place, the year of the election and the two years following the election, divided by quarters.
In Brazil, the first round of elections always takes place in the first week of October, while
the second round takes place three weeks later.

3As non-elective procedures, we use all cancer surgeries. In the SUS table, these procedures all have codes
between 416000000 and 416999999. As for elective procedures, we choose a group of very common elective
surgeries in Brazil, which are detailed in the Appendix by their SUS code, technical name and popular name.
We decide to keep the names of the procedures in Portuguese to facilitate understanding.

4To better understand the importance of these flows, we can see that the proportion of elective surgeries
performed on patients who required hospitalization to undergo this surgery in the SUS and whose municipality
of origin was different from the destination represented 33.5% and 36.1% of the total hospitalizations for this
type of surgery for electoral cycles 1 and 2, respectively. In the case of non-elective surgeries analyzed, these
numbers were 56% and 57%, respectively. We consider the electoral cycle 1 the period between 2011 and
2016, while the electoral cycle 2 is the period between 2015 and 2020. In Figure 3.1 we have reduced these
periods to avoid unnecessary lines on the graph.
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Figure 3.1 seems to show us results similar to those found by Arruda and Rocha (2024),
that is, in the quarter in which the elections take place, health services are negatively affected
and in the first quarter of the year following the election this drop also occurs. However, note
that this effect appears to occur only for hospitalizations related to elective surgeries, while
non-elective surgeries appear to be unaffected.

Although figure 3.1 does not allow us to conclude that there is causality, it definitely
strengthens our previous hypothesis about the possibility of there being some negative effect
of political turnover and government transitions on the flow of patients between municipali-
ties.

Figure 3.1: Total number of hospitalizations of patients from outside the destination munic-
ipality, by type of procedure and electoral cycle

Preview of the empirical strategy

In this work, we use a novel empirical strategy, where we estimate an event study in which
the outcome variable affected by the turnover over time is a flow variable, which is related
to two municipalities. So, if a turnover occurred in the origin municipality, x, it impacts the
flow of patients between the municipality x and any other destination municipality, y, that
has individuals traveling to that or receiving people from that to perform surgeries.

Using this same strategy, we use a subsample of our database to test whether the emer-
gence or breakdown of a political alliance between the mayors of two municipalities, at the
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same time as electoral turnover occurs, could increase or reduce the effects of turnover. Fi-
nally, we use another subsample of the database, this time to test whether the participation of
municipalities in some inter-municipal articulation through a public consortium can increase
or decrease the effects of turnover.

Summary of results

We find that political turnovers affect negatively the flow of patients between two different
municipalities to perform elective surgeries, and that the effect is greater and longer lasting
when turnover occurs in the destination municipality. In the case of non-elective procedures,
we find only small negative effects due to the occurrence of turnover in the origin municipality.
Furthermore, when we perform alternative exercises using our sample of patient flow for
elective surgeries, we find that the effect of turnover is much greater when it occurs in
conjunction with a breakdown of party alliance, while the negative effect of turnover is non-
existent when both municipalities have some intermunicipal cooperation agreement through
a public consortium.

Related literature

Our work contributes to the research on the effects of political turnover and government
transitions in the public service provision by local governments. In this area, we can cite the
work of Akhtari, Moreira, and Trucco (2022), who uses a regression discontinuity design for
close elections and find that when municipalities experience a mayoral turnover, there is a
change in the bureaucracy that affects the provision of public services. In particular, they find
negative results of this turnover in public education results. As studies measuring the effects
of political turnovers in the public health area specifically, we have Toral (2024), Araújo,
Machoski, and Melo (2024), and Arruda and Rocha (2024). In addition to those mentioned,
Brassiolo, Estrada, and Fajardo (2024) finds evidence that post-electoral turnover is higher
in municipalities with lower levels of institutional quality, which relates to our result when
we consider the importance of intermunicipal cooperation agreements.

The rest of the paper is organized as follows: section 3.2 describes the data we use to
construct our variables used in the model, section 3.3 describes our empirical strategy, section
3.4 shows our results, and section 3.5 concludes.

3.2 Data description

We use four different data sets in this study, which are related to health, elections, munici-
pality information, and distance between municipalities.
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3.2.1 Distance measures

The data set we use here to measure the distance traveled by each patient who needed to
be hospitalized is the same used in Pinho Neto et al. (2023). This data set contains the
approximated distance between every municipality pairing, i.e., the data set was constructed
in a way that takes the geographic coordinates (latitude and longitude) of each municipality’s
downtown neighborhood and runs the package OSM from OpenStreetMap in R software,
returning kilometers of travel on public roads. It returns a matrix that contains all possible
combinations between the 5570 Brazilian municipalities (5570 × 5570). Using this data we
can assign the distance traveled by each patient hospitalized in another municipality which
is not their municipality of residence.

3.2.2 Health

SIH/SUS

Our source of information about hospitalizations in Brazil is the data set called Hospital Infor-
mation System (SIH/SUS), which contains administrative records of the Hospital Admission
Authorization (AIH) of the Unified Health System (SUS). These records contain many vari-
ables about each hospitalization that occurred in the SUS from 2008 to 2024. We gather the
data from 2011 to 2020 that are made available by Data Science Platform applied to Health
(Plataforma de Ciência de Dados aplicada à Saúde, PCDaS). This platform gathers the raw
data set from DATASUS (Health Ministry database) and treats the data using a proper ETL
methodology (extract, transform, and load), resulting in a monthly data set that contains all
the records from Brazilian hospitalizations contained in SIHSUS since January of 2008. Data
updating is carried out by DATASUS and PCDaS extracts the monthly records referring to
the raw files as soon as they are made available (Fiocruz, 2024). Although the SIH data are
monthly, we decide to group them quarterly because we consider that this periodicity better
fits the problem we are studying.

Furthermore, we use data from 2011 to 2020 because we divided the electoral cycles
into the following periods: electoral cycle 1 (2012 elections) goes from 2011 to 2016, while
electoral cycle 2 (2016 elections) goes from 2015 to 2020, that is, it goes from one year before
the elections until the end of the corresponding term.

3.2.3 Municipal elections

TSE

In this research, we use data from Superior Electoral Court’s (TSE) open data website5. We
use data from the 2008, 2012 and 2016 mayoral elections, focusing on information about
which party the elected mayor was when he won the election. We use this information to

5Portal de dados abertos do TSE: https://dadosabertos.tse.jus.br (Acessed in 31/10/2024)

https://dadosabertos.tse.jus.br
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make our estimates when there is a break or creation of party ties between the mayors of the
municipalities of origin and destination.

MUNIC

The Basic Municipal Information Search (Pesquisa de Informações Básicas Municipais (MU-
NIC)) database is a detailed survey of administrative records on the structure, dynamics,
and functioning of municipal public institutions, especially the city hall, also comprising dif-
ferent aspects of sectoral public policies under the responsibility of this government sphere.
Its results allow the consolidation of an updated statistical and registration database, with
indicators for evaluating and monitoring the institutional and administrative frameworks of
municipalities, from a management perspective (IBGE, 2024).

We extract from this database information about whether there was turnover in the last
elections in Municipality j or not. In this work we will focus on the municipal elections of 2012
and 2016, so to construct this variable we have to use the 2013 and 2017 MUNIC database6.
The other variable we use from this data set was information on whether the municipality
in question has any type of intermunicipal cooperation through a public consortium in the
health area. For this variable, we use the 2011 MUNIC7.

3.3 Empirical Strategy

In this work, we want to estimate the effects of political turnover and government transitions
on the flow of patients between different municipalities. Our focus is on patients who need
to be hospitalized for elective surgeries, a type of procedure that we think can be postponed
if the hospital has any service restrictions.

Our main empirical strategy aims to estimate the differences in patient flows between
two different municipalities, where one of the municipalities is the patient’s municipality of
origin and the other is the destination municipality. Since our objective here is to analyze
the importance of political factors on this flow variable, we define our main equation to be
estimated having as explanatory variables the distance variables between the municipalities
of origin and destination, a variable indicating whether the municipalities are in the same
health region and additional explanatory variables referring to turnovers in the municipalities
of origin and destination to verify their effects on the desired result.

Our equation estimates the difference in patient flow between two municipalities caused
by the occurrence of political turnover during municipal elections. These political turnovers
can occur in the municipality of origin or in the destination municipality. We use an event-
study methodology to verify possible changes on these flows before, during, and after the

6The question in which this information is made available is: "The current mayor was serving as mayor
in this municipality in 2012/2016?: Yes or No." (depending on the election you want to analyze).

7The variable in which this information is made available is A79, which says whether the municipality has
any type of intermunicipal cooperation through a public consortium.



60 3.3. Empirical Strategy

electoral period. The equation we estimate is presented below:

ln(flowodct) = β1Distod+β2SHRod + λc,o + αc,d + γct+

24∑
e=1,e ̸=5

δeTurnovero,c ∗RelativePeriodet+

24∑
e=1,e ̸=5

ϕeTurnoverd,c ∗RelativePeriodet + εodct

(3.1)

In the above equation, the variable Distod represents the distance from the origin mu-
nicipality o to the destination municipality d, while the variable SHRod is a dummy that
assumes the value 1 if the patient’s municipalities of origin and destination belong to the
same health region and 0 otherwise. The ln(flowodct) represents our variable of interest,
which is the flow of patients who need to travel to be admitted and undergo surgery in a
destination municipality other than their place of origin, where c is the electoral cycle, t

is the period, which goes from the year before the election to the last year of the term in
question8. We analyze the 2012 and 2016 electoral periods, aggregating hospitalizations by
quarter. We include λc,o as origin municipality fixed effects interacting with electoral cycle
c, αc,d as destination municipality fixed effects interacting with electoral cycle c, and γct as
time effects in which we combine period t with electoral cycle c.

The variable Turnoverj,c assumes the value 1 if there was a change of mayor in the election
of the electoral cycle under analysis c, where the subscript j can assume the values o or d, that
is, we will analyze the turnover cases in the municipalities of origin and destination separately.
To estimate the effect of turnover, we add interactions of turnover Turnoverj,c, where j can
be o or d, with RelativePeriodet , which are dummy variables enumerating quarters within
each electoral cycle as presented by Arruda and Rocha (2024). As we are working with
quarters, this variable goes from t = 1 up to t = 24, with baseline t = 5. The term εodct
is an idiosyncratic error. Our standard errors are clustered at the pair origin-destination
municipality interacting with electoral cycle c. Our parameters of interest are δe and ϕe,
which represent the differential effect of origin or destination turnover in a given period
relative to baseline, respectively.

We need to justify our baseline choice here. As pointed by Miller (2023), the most
common choice is to set the baseline period as being the period immediately before the
specific treatment event time occurs, which in our model would be the period immediately
before the elections occurs. It corresponds to e = 7 in our periods. The problem with
setting this as our reference period is that the effects of political turnover may begin earlier,
during the election campaign period, which would mean that our estimates of the actual

8As it happened that in some quarters the flow between two municipalities was equal to 0, while in others
it was not, we used in practice as output ln(1 + flowodct) to avoid taking the logarithm of 0.
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effects of turnover would be biased. Note that as our data are aggregated by trimesters, the
campaign period is represented by e = 7, which is the third trimester of the election year. Our
choice to avoid biased estimates was to define the reference period as the first quarter of the
election year, e = 5, a period in which we consider that the supply of public health services
will not yet be impacted by any type of electoral effect due to changes in the government’s
human resources framework, whether to assist in the campaign or to comply with the Fiscal
Responsibility Law, which restricts the municipality’s spending on personnel9.

We need to clarify other relevant points of our equation to estimate. The first one is that
in our data the flowxy ̸= flowyx, i.e., each one of this connections represents a different flow.
So, if there is increase (decrease) in flowxy, it does not mean that the same happened with
flowyx. We count that as different pairs. The second point is that our Turnoverj,c variable
depends on the corresponding electoral cycle, that is, we may have turnover occurring in
municipality j in the 2012 municipal elections, but not in the 2016 elections. The third point
we need to explain is that, unlike Arruda and Rocha (2024) that use only one Turnover

variable to indicate if there was political turnover in municipality j in electoral cycle c,
here we have two Turnover variables, one for the origin municipality and other for the
destination municipality. In the results section we present the effects of turnover in the
origin and destination municipalities separately.

The last two points we discuss here are related to the practical implementation of our
estimations. We decide to filter the final dataset using as a filter to keep only the origin-
destination links in which the flow in the reference period we chose, that is, the first quarter
of the election year (e = 5), is positive. We did that for two reasons. The first is because
we want to see the effects of the turnover on the creation and destruction of municipalities
connections, so using this filter we can compare the decreases on the flow of the links that
have been occurring before the turnover occurs. In particular, when we estimate the effect
of turnover when there is a rupture or creation of a party alliance between mayors of the
municipalities of origin and destination, this filter helps us to see more clearly the effect of
the formation or rupture of alliances.

The second reason we make this filter is due to the fact that in many of the links between
the pair of two municipalities there is zero flow in many trimesters of our database, that is,
in some trimesters some municipality j may have two patients coming from municipality h,
while in others this flow is zero. Since we balance our panel within the electoral cycle, that is,
since all origin-destination links need to have a value in each quarter even if no patient was
sent from one municipality to another in that quarter, the number of zeros in the database
is quite high, which would end up underestimating our estimates of the effect of turnover.
Therefore, we keep only the relevant links, that is, those in which the flow between the origin-
destination municipalities is greater than zero in the reference period10. Finally, our panel is

9You can read more about the discussion on mechanisms in Arruda and Rocha (2024), Toral (2024), and
Brassiolo, Estrada, and Fajardo (2024)

10For example, imagine the case where the only period in which the flow of patients going from municipality
x to municipality y is positive is the first quarter of the year before the election. In this case, in all other
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unbalanced in terms of the number of links in each election cycle.
In the next section, we present and discuss the results we find.

3.4 Results

In this section, we present our results dividing into three subsections. In the first, we analyze
the effects of turnovers on patient flows to perform surgeries in destination municipalities
different from those of origin. In the second, we use a subsample of the database focusing on
cases in which there was a break or creation of party ties between the mayors of the munic-
ipalities of origin and destination. Finally, in the third subsection we use a new subsample
of our database focusing on the existence or not of some type of intermunicipal cooperation
through a public consortium in the municipalities of origin and destination11.

3.4.1 Effect of turnover on the flow of surgeries

We begin our analysis by looking at the effects on the flow of non-elective surgeries presented
in the figure 3.2. Our initial hypothesis is that this type of procedure would possibly not
be affected by political turnover, as they are non-postponable procedures. What we see is
that even though they are non-postponable procedures, in the first two trimesters of the first
year post-election the flow is negatively affected by the turnover in the origin municipality
by 3.4% to 3.9% in the first and second trimester, respectively, while in the destination
municipality the effect of turnover is not statistically significant, corroborating our initial
hypothesis. This may be due to the fact that the new government of the origin municipality
may be making changes in the area of human resources, so that services are being affected by
this in this initial period of accommodation of the new government. This hypothesis appears
to be true because when we look at the rest of the period there is no effect of turnover
on the flow of patients in the municipality of origin. Analyzing the turnover effect in the
destination municipality we see that the results are not statistically significant during most
of the period, but at the end of the term we see an increase in the flow of hospitalizations
by 8.4%. This result is interesting because this increase occurred a quarter before the next
election campaign began, which may indicate some kind of government effort to increase the
number of services provided in the period leading up to the campaign.

Figure 3.3 presents the effects on the flow of elective surgeries. In figure (A), the effect
of the turnover occurring in the origin municipality shows us that there is a negative effect
on the flow in the trimester of the election period equivalent to a 2% decrease at a 10%
significance level, while in the first two quarters of the following year the effects are between
3% and 4% at a significance level of 1%. After that, there is no statistically significant effect

entries the value assigned to this link would be 0, which would not be a problem if it happened with only
one link, but this will bias our estimates towards zero when this happens with multiple links, and this would
clearly have no relation to the occurrence of the turnover we are analyzing.

11We present all tables with regression results in the Appendix.
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on the flow. Meanwhile, in figure (B), we see a much stronger effect of the turnover when it
occurs in the destination municipality, with the effects starting in the campaign period with
a drop of more than 3% and growing to 5% during the election quarter, and reaching 11.5%
in the near end of this term. Note that this drop of 11.5% occurs exactly in the campaign
period of the next election, which can be another indicator of the political effect on the flow
of hospitalizations.

It is worth to discuss some points here about the above figures. The first thing to point
here is the difference between the start of the negative turnover effects on the flow when the
turnover occurs in the origin municipalities and in the destination municipality. In the origin
municipality, the decrease on the flow of hospitalizations begin just during the election period
and goes until the first two trimesters of the next year, while when the turnover occurs in
the destination municipality, the negative effect on the flow begin in the electoral campaign
period with the drop in flow becoming permanent, unlike what occurs in the case of turnover
at the origin.

The difference in these effects of turnover when occurring at origin or destination munici-
pality can be explained by the fact that the hospitals that receive patients in the destination
may have some discretion about who they receive or not, and furthermore, when the turnover
occurs some political alliances may be broken affecting the flow between between two munic-
ipalities that could have a stronger link due to political issues that could facilitate sending
patients to be hospitalized in the destination municipality. We will analyze this possibility
in the next subsection. Furthermore, at the beginning of our periods in the analysis we can
observe a drop in coefficients that are statistically significant. More than a previous tendency
possibility, we believe that they can be spillover effects from the federal and state elections
that occurred in the year before our analysis, which would be our year -2.

The fact the turnover effect is much greater when it comes to elective surgeries than when
it comes to non-elective surgeries shows us that there is some difference in “elasticity" of the
procedures performed in the SUS in relation to the effects of turnover on the postponement
of surgical care. Our findings are similar to those found by Arruda and Rocha (2024), which
investigate the turnover and transitions effects on primary health care services that can be
postponed. To give an example, the case of non-elective procedures in the case of Arruda
and Rocha (2024) would be the births themselves, which cannot be postponed and, therefore,
should not be affected by the effects of turnover.

Finally, note that the campaign period matters for the decrease on the flow of the hospital-
izations, which can be due some mobilization that is demanded from commissioned employees
or due to concerns about personnel spending restrictions imposed by the Fiscal Responsibil-
ity Act, as noted in Arruda and Rocha (2024) and Brassiolo, Estrada, and Fajardo (2024).
This strengthens our choice regarding the reference period of the event study.
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3.4.2 Effect of turnover on the flow of surgeries when considering
political connection

In this section, we focus on the role that party alliances can have on the impact of turnover
on patient flows between the two municipalities. We analyze this by using a subsample of
our dataset to consider only cases in which the municipalities of origin and destination had
a party link before the election and no longer had one after the turnover occurred (broken
connection), and for the case in which they did not have one and began to have one after
the turnover (create connection). We show our results in the figures 3.4 and 3.5. In the
figure 3.4, we see that create a party connection between the two mayors when the turnover
occur seems to have no impact on the flow of patients of elective surgeries, neither in the
municipality of origin nor in the municipality of destination. One way of interpreting this
result would be that the creation of a party connection can mitigate the effects of turnover
and the government transition period, so that there is an effort to maintain the volume of
hospitalizations for elective surgeries in municipalities affiliated with the party.

This hypothesis becomes more credible when we look at the figure 3.5, where we see the
opposite case, that is, there is a break in party connection when turnover occurs. The effect
of turnover in the origin municipality is not statistically significant, while for the destination
municipality the effects are huge. In the campaign period the drop in the flow of patients is
more than 7%, during the election period it grows to nearly 10% and after the mayors take
office the negative effects exceed 15%, falling to 20% at the beginning of the third year of
office. This result, together with the previous ones, shows that the effects are always much
stronger when turnover occurs in the destination municipality than when it occurs in the
municipality of origin. We can think of this as if the destination municipality had more
decision-making power over who it chooses to receive for hospitalization and elective surgery.
Furthermore, political influence appears to be significant given the size of the turnover effect
in the destination municipality when turnover occurs and, at the same time, breaks a partisan
alliance between the municipalities that form the link. This may raise questions about how
exposed the Brazilian public health sector is to political factors. In the next subsection, we
analyze whether the fact that a municipality has some type of intermunicipal cooperation
agreement can help reduce the effects of turnover and some other type of political exposure
of the SUS service.

3.4.3 Effect of turnover on the flow of surgeries when considering
the existence of intermunicipal cooperation agreements

The last estimate we make is to test whether the fact that municipalities have some type
of intermunicipal cooperation agreement through public consortia helps to reduce the nega-
tive effect of turnover on the flow of patients for elective surgeries in another municipality.
We believe that in the scenarios where no one of the two municipalities is on this type of
agreements may let the public sector exposed to political influences. The figures 3.6 and 3.7
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shows us the results of our estimates when we consider cases in which both municipalities
have some type of intermunicipal cooperation agreement, which does not necessarily need to
be joint, or neither of them has any type of intermunicipal cooperation agreement.

Figure 3.6 shows us that when both municipalities have some intermunicipal cooperation
agreement the effect of turnover is not statistically significant, while in the opposite scenario,
when none of them have some cooperation agreement the effect of turnover in the destination
municipality is bigger than in our base scenario presented in figure 3.3. These effects in the
destination municipality also begin to happen during the campaign period, but the drop on
the flow is bigger through all the period analyzed. In the origin municipality the turnover
effects are just slightly bigger, but not longer than in our base scenario.

Figures 3.A.1 and 3.A.2 in the Appendix show the “intermediate cases”, i.e., when only
one of the municipalities have some intermunicipal cooperation agreement. In both cases we
keep the pattern we have through all others results, that is, the turnover effect is bigger in
the destination municipality.

After analyzing the results of the effects of political turnovers and government transitions
when we consider intermunicipal cooperation agreements, we have a clear indication that this
type of mechanism has the potential to protect the provision of public health services from
the negative effects of the electoral period.
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Figure 3.2: Effect of turnover on the flow of non-elective surgeries

Note: Figure 3.2 graphically shows the results of equation 3.1 for the effects of turnover when it occurs

in the municipality of origin in figure (A) and when it occurs in the municipality of destination in figure

(B), where these results are based on the flow of patients between two different municipalities for a quarterly

panel for the 2012 and 2016 election periods. The dependent variable is the flow of patients who need to

travel to be admitted and undergo non-elective surgery in a destination municipality other than their place

of origin in the respective quarter. We examine results from the first quarter of the year before the election

(Year -1) through the last quarter of the last year in office after the election (Year 4). The yellow shaded

area represent the period in which the electoral campaigns take place, while the red shaded area represent

the time when elections are held. The red dotted line in Year 0 Quarter 01 represents our reference period.

Regression results are reported in Appendix.
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Figure 3.3: Effect of turnover on the flow of elective surgeries

Note: Figure 3.3 graphically shows the results of equation 3.1 for the effects of turnover when it occurs

in the municipality of origin in figure (A) and when it occurs in the municipality of destination in figure

(B), where these results are based on the flow of patients between two different municipalities for a quarterly

panel for the 2012 and 2016 election periods. The dependent variable is the flow of patients who need to

travel to be admitted and undergo elective surgery in a destination municipality other than their place of

origin in the respective quarter. We examine results from the first quarter of the year before the election

(Year -1) through the last quarter of the last year in office after the election (Year 4). The yellow shaded

area represent the period in which the electoral campaigns take place, while the red shaded area represent

the time when elections are held. The red dotted line in Year 0 Quarter 01 represents our reference period.

Regression results are reported in Appendix.
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Figure 3.4: Effect of turnover on the flow of elective surgeries when a party connection is
created

Note: Figure 3.4 graphically shows the results of equation 3.1 for the effect of turnover in the origin (A)

and destination (B) municipality when there is the creation of party connections, which is based on the flow

of patients between two different municipalities for a quarterly panel for the 2012 and 2016 election periods.

The dependent variable is the flow of patients who need to travel to be admitted and undergo elective surgery

in a destination municipality other than their place of origin in the respective quarter. We examine results

from the first quarter of the year before the election (Year -1) through the last quarter of the last year in office

after the election (Year 4). The yellow shaded area represent the period in which the electoral campaigns

take place, while the red shaded area represent the time when elections are held. The red dotted line in Year

0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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Figure 3.5: Effect of turnover on the flow of elective surgeries when a party connection is
broken

Note: Figure 3.5 graphically shows the results of equation 3.1 for the effect of turnover in the origin and

destination municipality when there is the breakdown of party connections, which is based on the flow of

patients between two different municipalities for a quarterly panel for the 2012 and 2016 election periods.

The dependent variable is the flow of patients who need to travel to be admitted and undergo elective surgery

in a destination municipality other than their place of origin in the respective quarter. We examine results

from the first quarter of the year before the election (Year -1) through the last quarter of the last year in office

after the election (Year 4). The yellow shaded area represent the period in which the electoral campaigns

take place, while the red shaded area represent the time when elections are held. The red dotted line in Year

0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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Figure 3.6: Effect of turnover on the flow of elective surgeries in the destination municipality

Note: Figure 3.6 graphically shows the results of equation 3.1 for the effect of turnover in the destination

municipalities when both municipalities have some type of intermunicipal cooperation agreement through

public consortium (A), and when none of the municipalities have some type of intermunicipal cooperation

agreement through public consortium (B). The dependent variable is the flow of patients who need to travel

to be admitted and undergo elective surgery in a destination municipality other than their place of origin

in the respective quarter. We use a quarterly panel for the 2012 and 2016 election periods to examine the

results from the first quarter of the year before the election (Year -1) through the last quarter of the last

year in office after the election (Year 4). The yellow shaded area represent the period in which the electoral

campaigns take place, while the red shaded area represent the time when elections are held. The red dotted

line in Year 0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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Figure 3.7: Effect of turnover on the flow of elective surgeries in the origin municipality

Note: Figure 3.7 graphically shows the results of equation 3.1 for the effect of turnover in the origin

municipalities when both municipalities have some type of intermunicipal cooperation agreement through

public consortium (A), and when none of the municipalities have some type of intermunicipal cooperation

agreement through public consortium (B). The dependent variable is the flow of patients who need to travel

to be admitted and undergo elective surgery in a destination municipality other than their place of origin

in the respective quarter. We use a quarterly panel for the 2012 and 2016 election periods to examine the

results from the first quarter of the year before the election (Year -1) through the last quarter of the last

year in office after the election (Year 4). The yellow shaded area represent the period in which the electoral

campaigns take place, while the red shaded area represent the time when elections are held. The red dotted

line in Year 0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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3.5 Conclusion

We propose to answer four questions related to the effects of turnover and government tran-
sitions on the flow of patients between two municipalities. Our estimations gives us the
following results for these research questions: (1) Political turnovers that occur in one mu-
nicipality can affect other municipalities through their negative effects in the supply of public
health services; (2) The effect of turnover is much bigger when it occur in the destination
municipality than in the origin municipality; (3) When the turnover occur in conjunction
with a rupture in party alliance between the two municipalities mayors its effects are higher
than our case considering all the cases, while the creation of a political alliance seems to have
no effect on the flow between two municipalities to perform elective surgeries; (4) When both
municipalities have some intermunicipal cooperation agreement through public consortium,
the flow of patients to perform elective surgeries is not affected by political turnovers and
government transitions.

With this work, we add to the literature innovative and relevant results from the point
of view of the elaboration and evaluation of public health policies. Our empirical approach
innovate by using as an output variable a flow involving two municipalities, and the results
of the effects of turnovers having differences in the place of occurrence, together with the
importance of party alliance and municipalities having intermunicipal cooperation agreements
are innovative and bring new elements to the discussion of the effectiveness of these consortia
in the health area.
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3.A Appendix

Figure 3.A.1: Effect of turnover on the flow of elective surgeries when there is inter-municipal
cooperation only in the origin municipality

Note: Figure 3.A.1 graphically shows the results of equation 3.1 for the effect of turnover in the origin and

destination municipalities when only the origin municipality have some type of intermunicipal cooperation

agreement through public consortium. The dependent variable is the flow of patients who need to travel

to be admitted and undergo elective surgery in a destination municipality other than their place of origin

in the respective quarter. We use a quarterly panel for the 2012 and 2016 election periods to examine the

results from the first quarter of the year before the election (Year -1) through the last quarter of the last

year in office after the election (Year 4). The yellow shaded area represent the period in which the electoral

campaigns take place, while the red shaded area represent the time when elections are held. The red dotted

line in Year 0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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Figure 3.A.2: Effect of turnover on the flow of elective surgeries when there is intermunicipal
cooperation only in the destination municipality

Note: Figure 3.A.2 graphically shows the results of equation 3.1 for the effect of turnover in the origin

and destination municipalities when only the destination municipality have some type of intermunicipal

cooperation agreement through public consortium. The dependent variable is the flow of patients who need

to travel to be admitted and undergo elective surgery in a destination municipality other than their place of

origin in the respective quarter. We use a quarterly panel for the 2012 and 2016 election periods to examine

the results from the first quarter of the year before the election (Year -1) through the last quarter of the last

year in office after the election (Year 4). The yellow shaded area represent the period in which the electoral

campaigns take place, while the red shaded area represent the time when elections are held. The red dotted

line in Year 0 Quarter 01 represents our reference period. Regression results are reported in Appendix.
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Table 3.A.1: Effect of turnover on the flow of non-elective surgeries

Dependent variable:

ln(flowodct)

Distod -0.0007∗∗∗ (5.9× 10−5)
SHRod 0.4936∗∗∗ (0.0529)
Turnovero× D(Quart - 4) 0.0033 (0.0145)
Turnovero× D(Quart - 3) -0.0064 (0.0146)
Turnovero× D(Quart - 2) -0.0059 (0.0143)
Turnovero× D(Quart - 1) -0.0204 (0.0143)
Turnovero× D(Quart 1) 0.0044 (0.0143)
Turnovero× D(Quart 2) -0.0136 (0.0144)
Turnovero× D(Quart 3) -0.0030 (0.0147)
Turnovero× D(Quart 4) -0.0346∗∗ (0.0150)
Turnovero× D(Quart 5) -0.0387∗∗ (0.0156)
Turnovero× D(Quart 6) -0.0166 (0.0157)
Turnovero× D(Quart 7) 0.0064 (0.0155)
Turnovero× D(Quart 8) -0.0204 (0.0156)
Turnovero× D(Quart 9) -0.0030 (0.0162)
Turnovero× D(Quart 10) -0.0115 (0.0164)
Turnovero× D(Quart 11) -0.0044 (0.0163)
Turnovero× D(Quart 12) 0.0047 (0.0161)
Turnovero× D(Quart 13) -0.0021 (0.0165)
Turnovero× D(Quart 14) -0.0140 (0.0167)
Turnovero× D(Quart 15) 0.0122 (0.0164)
Turnovero× D(Quart 16) 0.0070 (0.0163)
Turnovero× D(Quart 17) 0.0039 (0.0164)
Turnovero× D(Quart 18) 0.0058 (0.0164)
Turnovero× D(Quart 19) -0.0004 (0.0161)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) 0.0147 (0.0132)
Turnoverd× D(Quart - 3) 0.0278∗∗ (0.0132)
Turnoverd× D(Quart - 2) 0.0110 (0.0132)
Turnoverd× D(Quart - 1) 0.0121 (0.0129)
Turnoverd× D(Quart 1) -0.0010 (0.0131)
Turnoverd× D(Quart 2) 0.0079 (0.0132)
Turnoverd× D(Quart 3) 0.0087 (0.0133)
Turnoverd× D(Quart 4) 0.0209 (0.0137)
Turnoverd× D(Quart 5) 0.0221 (0.0143)
Turnoverd× D(Quart 6) 0.0190 (0.0145)
Turnoverd× D(Quart 7) -0.0069 (0.0142)
Turnoverd× D(Quart 8) 0.0099 (0.0144)
Turnoverd× D(Quart 9) 0.0156 (0.0149)
Turnoverd× D(Quart 10) 0.0183 (0.0149)
Turnoverd× D(Quart 11) 0.0017 (0.0149)
Turnoverd× D(Quart 12) 0.0008 (0.0148)
Turnoverd× D(Quart 13) 0.0059 (0.0151)
Turnoverd× D(Quart 14) 0.0098 (0.0154)
Turnoverd× D(Quart 15) 0.0378∗∗ (0.0151)
Turnoverd× D(Quart 16) 0.0126 (0.0150)
Turnoverd× D(Quart 17) 0.0842∗∗∗ (0.0150)
Turnoverd× D(Quart 18) -0.0042 (0.0152)
Turnoverd× D(Quart 19) -0.0063 (0.0148)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 217,512
R2 0.62100
Within R2 0.03693

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variable D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.2: Effect of turnover on the flow of elective surgeries

Dependent variable:

ln(flowodct)

Distod -0.0007∗∗∗ (4.1× 10−5)
SHRod 0.5784∗∗∗ (0.0223)
Turnovero× D(Quart - 4) 0.0118 (0.0118)
Turnovero× D(Quart - 3) 0.0124 (0.0116)
Turnovero× D(Quart - 2) 0.0052 (0.0112)
Turnovero× D(Quart - 1) 0.0039 (0.0104)
Turnovero× D(Quart 1) 0.0063 (0.0103)
Turnovero× D(Quart 2) 0.0053 (0.0111)
Turnovero× D(Quart 3) -0.0212∗ (0.0113)
Turnovero× D(Quart 4) -0.0339∗∗∗ (0.0116)
Turnovero× D(Quart 5) -0.0396∗∗∗ (0.0122)
Turnovero× D(Quart 6) -0.0124 (0.0125)
Turnovero× D(Quart 7) -0.0134 (0.0126)
Turnovero× D(Quart 8) 0.0123 (0.0124)
Turnovero× D(Quart 9) 0.0187 (0.0131)
Turnovero× D(Quart 10) 0.0170 (0.0133)
Turnovero× D(Quart 11) 0.0189 (0.0134)
Turnovero× D(Quart 12) 0.0077 (0.0132)
Turnovero× D(Quart 13) 0.0165 (0.0135)
Turnovero× D(Quart 14) 0.0207 (0.0137)
Turnovero× D(Quart 15) 0.0209 (0.0135)
Turnovero× D(Quart 16) 0.0086 (0.0134)
Turnovero× D(Quart 17) 0.0161 (0.0127)
Turnovero× D(Quart 18) 0.0132 (0.0132)
Turnovero× D(Quart 19) 0.0162 (0.0135)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.0217∗ (0.0113)
Turnoverd× D(Quart - 3) -0.0319∗∗∗ (0.0112)
Turnoverd× D(Quart - 2) -0.0179∗ (0.0108)
Turnoverd× D(Quart - 1) -0.0110 (0.0100)
Turnoverd× D(Quart 1) -0.0002 (0.0101)
Turnoverd× D(Quart 2) -0.0326∗∗∗ (0.0109)
Turnoverd× D(Quart 3) -0.0529∗∗∗ (0.0109)
Turnoverd× D(Quart 4) -0.0733∗∗∗ (0.0112)
Turnoverd× D(Quart 5) -0.0599∗∗∗ (0.0118)
Turnoverd× D(Quart 6) -0.0538∗∗∗ (0.0121)
Turnoverd× D(Quart 7) -0.0613∗∗∗ (0.0122)
Turnoverd× D(Quart 8) -0.0716∗∗∗ (0.0119)
Turnoverd× D(Quart 9) -0.0814∗∗∗ (0.0125)
Turnoverd× D(Quart 10) -0.0772∗∗∗ (0.0129)
Turnoverd× D(Quart 11) -0.0736∗∗∗ (0.0128)
Turnoverd× D(Quart 12) -0.0975∗∗∗ (0.0127)
Turnoverd× D(Quart 13) -0.0639∗∗∗ (0.0131)
Turnoverd× D(Quart 14) -0.0655∗∗∗ (0.0132)
Turnoverd× D(Quart 15) -0.0832∗∗∗ (0.0131)
Turnoverd× D(Quart 16) -0.0832∗∗∗ (0.0129)
Turnoverd× D(Quart 17) -0.0527∗∗∗ (0.0123)
Turnoverd× D(Quart 18) -0.1150∗∗∗ (0.0127)
Turnoverd× D(Quart 19) -0.0869∗∗∗ (0.0130)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 503,784
R2 0.50478
Within R2 0.04615

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.3: Effect of turnover on the flow of elective surgeries when a party connection
is created

Dependent variable:

ln(flowodct)

Distod -0.0099∗∗∗ (0.0010)
SHRod 0.0675 (0.2072)
Turnovero× D(Quart - 4) 0.0137 (0.0383)
Turnovero× D(Quart - 3) -0.0093 (0.0371)
Turnovero× D(Quart - 2) 0.0099 (0.0370)
Turnovero× D(Quart - 1) -0.0167 (0.0342)
Turnovero× D(Quart 1) 0.0049 (0.0335)
Turnovero× D(Quart 2) 0.0079 (0.0362)
Turnovero× D(Quart 3) -0.0259 (0.0353)
Turnovero× D(Quart 4) -0.0239 (0.0365)
Turnovero× D(Quart 5) -0.0602 (0.0391)
Turnovero× D(Quart 6) -0.0223 (0.0403)
Turnovero× D(Quart 7) -0.0613 (0.0418)
Turnovero× D(Quart 8) -0.0534 (0.0404)
Turnovero× D(Quart 9) -0.0379 (0.0433)
Turnovero× D(Quart 10) 0.0072 (0.0437)
Turnovero× D(Quart 11) -0.0277 (0.0444)
Turnovero× D(Quart 12) -0.0283 (0.0442)
Turnovero× D(Quart 13) 0.0141 (0.0444)
Turnovero× D(Quart 14) -0.0029 (0.0450)
Turnovero× D(Quart 15) 0.0097 (0.0444)
Turnovero× D(Quart 16) -0.0280 (0.0437)
Turnovero× D(Quart 17) 0.0284 (0.0419)
Turnovero× D(Quart 18) -0.0113 (0.0435)
Turnovero× D(Quart 19) -0.0020 (0.0444)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.0299 (0.0359)
Turnoverd× D(Quart - 3) -0.0051 (0.0351)
Turnoverd× D(Quart - 2) 0.0187 (0.0345)
Turnoverd× D(Quart - 1) 0.0418 (0.0319)
Turnoverd× D(Quart 1) -0.0355 (0.0325)
Turnoverd× D(Quart 2) 0.0033 (0.0349)
Turnoverd× D(Quart 3) -0.0650∗ (0.0352)
Turnoverd× D(Quart 4) -0.0112 (0.0357)
Turnoverd× D(Quart 5) -0.0389 (0.0389)
Turnoverd× D(Quart 6) -0.0158 (0.0401)
Turnoverd× D(Quart 7) -0.0252 (0.0400)
Turnoverd× D(Quart 8) -0.0185 (0.0383)
Turnoverd× D(Quart 9) -0.0589 (0.0413)
Turnoverd× D(Quart 10) -0.0406 (0.0432)
Turnoverd× D(Quart 11) -0.0275 (0.0418)
Turnoverd× D(Quart 12) -0.0733∗ (0.0421)
Turnoverd× D(Quart 13) -0.0497 (0.0428)
Turnoverd× D(Quart 14) -0.0087 (0.0441)
Turnoverd× D(Quart 15) -0.0244 (0.0437)
Turnoverd× D(Quart 16) -0.0330 (0.0419)
Turnoverd× D(Quart 17) 0.0428 (0.0408)
Turnoverd× D(Quart 18) -0.0360 (0.0415)
Turnoverd× D(Quart 19) -0.0631 (0.0438)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 49,944
R2 0.66860
Within R2 0.02541

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).



78 3.A. Appendix

Table 3.A.4: Effect of turnover on the flow of elective surgeries when a party connection
is broken

Dependent variable:

ln(flowodct)

Distod -0.0065∗∗∗ (0.0009)
SHRod 0.5099∗∗∗ (0.1339)
Turnovero× D(Quart - 4) -0.0213 (0.0396)
Turnovero× D(Quart - 3) -0.0105 (0.0391)
Turnovero× D(Quart - 2) -0.0578 (0.0379)
Turnovero× D(Quart - 1) -0.0162 (0.0369)
Turnovero× D(Quart 1) 0.0149 (0.0351)
Turnovero× D(Quart 2) -0.0141 (0.0383)
Turnovero× D(Quart 3) -0.0317 (0.0397)
Turnovero× D(Quart 4) -0.0397 (0.0409)
Turnovero× D(Quart 5) -0.0429 (0.0414)
Turnovero× D(Quart 6) -0.0357 (0.0414)
Turnovero× D(Quart 7) -0.0527 (0.0432)
Turnovero× D(Quart 8) -0.0749∗ (0.0428)
Turnovero× D(Quart 9) -0.0561 (0.0454)
Turnovero× D(Quart 10) -0.1247∗∗∗ (0.0462)
Turnovero× D(Quart 11) -0.0334 (0.0468)
Turnovero× D(Quart 12) 0.0065 (0.0466)
Turnovero× D(Quart 13) -0.0731 (0.0468)
Turnovero× D(Quart 14) -0.0427 (0.0478)
Turnovero× D(Quart 15) -0.0832∗ (0.0458)
Turnovero× D(Quart 16) -0.0459 (0.0457)
Turnovero× D(Quart 17) -0.0676 (0.0439)
Turnovero× D(Quart 18) -0.0172 (0.0453)
Turnovero× D(Quart 19) -0.0285 (0.0454)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.1030∗∗∗ (0.0392)
Turnoverd× D(Quart - 3) -0.0875∗∗ (0.0389)
Turnoverd× D(Quart - 2) -0.0322 (0.0370)
Turnoverd× D(Quart - 1) -0.0208 (0.0346)
Turnoverd× D(Quart 1) 0.0064 (0.0349)
Turnoverd× D(Quart 2) -0.0765∗∗ (0.0374)
Turnoverd× D(Quart 3) -0.0976∗∗ (0.0381)
Turnoverd× D(Quart 4) -0.1066∗∗∗ (0.0382)
Turnoverd× D(Quart 5) -0.1313∗∗∗ (0.0400)
Turnoverd× D(Quart 6) -0.1183∗∗∗ (0.0417)
Turnoverd× D(Quart 7) -0.1508∗∗∗ (0.0430)
Turnoverd× D(Quart 8) -0.1526∗∗∗ (0.0422)
Turnoverd× D(Quart 9) -0.1563∗∗∗ (0.0442)
Turnoverd× D(Quart 10) -0.1745∗∗∗ (0.0454)
Turnoverd× D(Quart 11) -0.1421∗∗∗ (0.0448)
Turnoverd× D(Quart 12) -0.1908∗∗∗ (0.0462)
Turnoverd× D(Quart 13) -0.1350∗∗∗ (0.0469)
Turnoverd× D(Quart 14) -0.1400∗∗∗ (0.0454)
Turnoverd× D(Quart 15) -0.1640∗∗∗ (0.0456)
Turnoverd× D(Quart 16) -0.1298∗∗∗ (0.0447)
Turnoverd× D(Quart 17) -0.0964∗∗ (0.0416)
Turnoverd× D(Quart 18) -0.1514∗∗∗ (0.0434)
Turnoverd× D(Quart 19) -0.1299∗∗∗ (0.0452)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 51,024
R2 0.66739
Within R2 0.00650

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.5: Effect of turnover on the flow of elective surgeries when there is no articu-
lation

Dependent variable:

ln(flowodct)

Distod -0.0008∗∗∗ (6.5× 10−5)
SHRod 0.6340∗∗∗ (0.0320)
Turnovero× D(Quart - 4) 0.0206 (0.0162)
Turnovero× D(Quart - 3) 0.0020 (0.0159)
Turnovero× D(Quart - 2) 0.0080 (0.0154)
Turnovero× D(Quart - 1) 0.0205 (0.0143)
Turnovero× D(Quart 1) 0.0056 (0.0142)
Turnovero× D(Quart 2) 0.0138 (0.0155)
Turnovero× D(Quart 3) -0.0210 (0.0157)
Turnovero× D(Quart 4) -0.0336∗∗ (0.0162)
Turnovero× D(Quart 5) -0.0448∗∗∗ (0.0165)
Turnovero× D(Quart 6) -0.0214 (0.0170)
Turnovero× D(Quart 7) -0.0296∗ (0.0174)
Turnovero× D(Quart 8) 0.0082 (0.0170)
Turnovero× D(Quart 9) 0.0203 (0.0181)
Turnovero× D(Quart 10) 0.0320∗ (0.0184)
Turnovero× D(Quart 11) 0.0297 (0.0184)
Turnovero× D(Quart 12) 0.0158 (0.0184)
Turnovero× D(Quart 13) 0.0326∗ (0.0188)
Turnovero× D(Quart 14) 0.0434∗∗ (0.0189)
Turnovero× D(Quart 15) 0.0412∗∗ (0.0187)
Turnovero× D(Quart 16) 0.0181 (0.0187)
Turnovero× D(Quart 17) 0.0257 (0.0180)
Turnovero× D(Quart 18) 0.0148 (0.0187)
Turnovero× D(Quart 19) 0.0360∗ (0.0190)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.0355∗∗ (0.0154)
Turnoverd× D(Quart - 3) -0.0388∗∗ (0.0153)
Turnoverd× D(Quart - 2) -0.0056 (0.0145)
Turnoverd× D(Quart - 1) -0.0021 (0.0137)
Turnoverd× D(Quart 1) 0.0037 (0.0137)
Turnoverd× D(Quart 2) -0.0589∗∗∗ (0.0149)
Turnoverd× D(Quart 3) -0.0780∗∗∗ (0.0151)
Turnoverd× D(Quart 4) -0.0879∗∗∗ (0.0152)
Turnoverd× D(Quart 5) -0.0653∗∗∗ (0.0162)
Turnoverd× D(Quart 6) -0.0568∗∗∗ (0.0164)
Turnoverd× D(Quart 7) -0.0706∗∗∗ (0.0167)
Turnoverd× D(Quart 8) -0.0957∗∗∗ (0.0164)
Turnoverd× D(Quart 9) -0.1096∗∗∗ (0.0173)
Turnoverd× D(Quart 10) -0.1194∗∗∗ (0.0177)
Turnoverd× D(Quart 11) -0.0937∗∗∗ (0.0176)
Turnoverd× D(Quart 12) -0.1379∗∗∗ (0.0177)
Turnoverd× D(Quart 13) -0.0925∗∗∗ (0.0182)
Turnoverd× D(Quart 14) -0.1029∗∗∗ (0.0182)
Turnoverd× D(Quart 15) -0.1427∗∗∗ (0.0183)
Turnoverd× D(Quart 16) -0.1415∗∗∗ (0.0181)
Turnoverd× D(Quart 17) -0.1113∗∗∗ (0.0171)
Turnoverd× D(Quart 18) -0.1530∗∗∗ (0.0176)
Turnoverd× D(Quart 19) -0.0940∗∗∗ (0.0182)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 252,288
R2 0.54808
Within R2 0.05563

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.6: Effect of turnover on the flow of elective surgeries when there is articulation

Dependent variable:

ln(flowodct)

Distod -0.0044∗∗∗ (0.0003)
SHRod 0.4469∗∗∗ (0.0445)
Turnovero× D(Quart - 4) 0.0026 (0.0243)
Turnovero× D(Quart - 3) 0.0395∗ (0.0239)
Turnovero× D(Quart - 2) -0.0078 (0.0231)
Turnovero× D(Quart - 1) -0.0195 (0.0215)
Turnovero× D(Quart 1) 0.0124 (0.0211)
Turnovero× D(Quart 2) 0.0109 (0.0224)
Turnovero× D(Quart 3) -0.0078 (0.0229)
Turnovero× D(Quart 4) -0.0327 (0.0233)
Turnovero× D(Quart 5) -0.0486∗ (0.0252)
Turnovero× D(Quart 6) 0.0115 (0.0254)
Turnovero× D(Quart 7) 0.0289 (0.0255)
Turnovero× D(Quart 8) 0.0285 (0.0255)
Turnovero× D(Quart 9) 0.0316 (0.0265)
Turnovero× D(Quart 10) -0.0007 (0.0272)
Turnovero× D(Quart 11) 0.0388 (0.0268)
Turnovero× D(Quart 12) 0.0069 (0.0263)
Turnovero× D(Quart 13) 0.0064 (0.0270)
Turnovero× D(Quart 14) -0.0026 (0.0277)
Turnovero× D(Quart 15) 0.0122 (0.0271)
Turnovero× D(Quart 16) 0.0172 (0.0267)
Turnovero× D(Quart 17) 0.0124 (0.0245)
Turnovero× D(Quart 18) 0.0031 (0.0254)
Turnovero× D(Quart 19) -0.0067 (0.0263)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) 0.0349 (0.0244)
Turnoverd× D(Quart - 3) 0.0267 (0.0245)
Turnoverd× D(Quart - 2) 0.0184 (0.0238)
Turnoverd× D(Quart - 1) -0.0229 (0.0221)
Turnoverd× D(Quart 1) 0.0470∗∗ (0.0220)
Turnoverd× D(Quart 2) 0.0385∗ (0.0232)
Turnoverd× D(Quart 3) -0.0063 (0.0235)
Turnoverd× D(Quart 4) -0.0250 (0.0242)
Turnoverd× D(Quart 5) -0.0085 (0.0262)
Turnoverd× D(Quart 6) -0.0192 (0.0269)
Turnoverd× D(Quart 7) -0.0125 (0.0266)
Turnoverd× D(Quart 8) 0.0342 (0.0257)
Turnoverd× D(Quart 9) 0.0097 (0.0271)
Turnoverd× D(Quart 10) 0.0226 (0.0276)
Turnoverd× D(Quart 11) -0.0117 (0.0275)
Turnoverd× D(Quart 12) 0.0155 (0.0265)
Turnoverd× D(Quart 13) 0.0145 (0.0278)
Turnoverd× D(Quart 14) 0.0134 (0.0281)
Turnoverd× D(Quart 15) 0.0253 (0.0275)
Turnoverd× D(Quart 16) 0.0129 (0.0270)
Turnoverd× D(Quart 17) 0.0269 (0.0258)
Turnoverd× D(Quart 18) -0.0413 (0.0269)
Turnoverd× D(Quart 19) -0.0636∗∗ (0.0274)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 129,336
R2 0.54178
Within R2 0.03459

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.7: Effect of turnover on the flow of elective surgeries when there is articulation
only at origin municipality

Dependent variable:

ln(flowodct)

Distod -0.0005∗∗∗ (8.32× 10−5)
SHRod 0.4693∗∗∗ (0.0704)
Turnovero× D(Quart - 4) -0.0010 (0.0305)
Turnovero× D(Quart - 3) -0.0042 (0.0306)
Turnovero× D(Quart - 2) 0.0394 (0.0296)
Turnovero× D(Quart - 1) -0.0030 (0.0261)
Turnovero× D(Quart 1) -0.0037 (0.0274)
Turnovero× D(Quart 2) -0.0023 (0.0287)
Turnovero× D(Quart 3) -0.0182 (0.0296)
Turnovero× D(Quart 4) -0.0315 (0.0308)
Turnovero× D(Quart 5) -0.0286 (0.0327)
Turnovero× D(Quart 6) -0.0188 (0.0343)
Turnovero× D(Quart 7) -0.0307 (0.0333)
Turnovero× D(Quart 8) -0.0100 (0.0323)
Turnovero× D(Quart 9) -0.0155 (0.0340)
Turnovero× D(Quart 10) 0.0020 (0.0348)
Turnovero× D(Quart 11) -0.0469 (0.0364)
Turnovero× D(Quart 12) -0.0017 (0.0353)
Turnovero× D(Quart 13) -0.0272 (0.0360)
Turnovero× D(Quart 14) 0.0032 (0.0368)
Turnovero× D(Quart 15) 0.0067 (0.0357)
Turnovero× D(Quart 16) -0.0206 (0.0354)
Turnovero× D(Quart 17) -0.0004 (0.0329)
Turnovero× D(Quart 18) 0.0285 (0.0352)
Turnovero× D(Quart 19) 0.0146 (0.0347)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.0327 (0.0279)
Turnoverd× D(Quart - 3) -0.0681∗∗ (0.0284)
Turnoverd× D(Quart - 2) -0.0797∗∗∗ (0.0279)
Turnoverd× D(Quart - 1) 0.0014 (0.0249)
Turnoverd× D(Quart 1) -0.0232 (0.0254)
Turnoverd× D(Quart 2) -0.0087 (0.0276)
Turnoverd× D(Quart 3) -0.0064 (0.0279)
Turnoverd× D(Quart 4) -0.0179 (0.0286)
Turnoverd× D(Quart 5) -0.0699∗∗ (0.0297)
Turnoverd× D(Quart 6) -0.0500 (0.0310)
Turnoverd× D(Quart 7) -0.0270 (0.0303)
Turnoverd× D(Quart 8) -0.0533∗ (0.0293)
Turnoverd× D(Quart 9) -0.0584∗ (0.0307)
Turnoverd× D(Quart 10) -0.0308 (0.0321)
Turnoverd× D(Quart 11) -0.0408 (0.0322)
Turnoverd× D(Quart 12) -0.0954∗∗∗ (0.0321)
Turnoverd× D(Quart 13) -0.0922∗∗∗ (0.0333)
Turnoverd× D(Quart 14) -0.0571∗ (0.0330)
Turnoverd× D(Quart 15) -0.0561∗ (0.0326)
Turnoverd× D(Quart 16) -0.0343 (0.0317)
Turnoverd× D(Quart 17) -0.0255 (0.0302)
Turnoverd× D(Quart 18) -0.1139∗∗∗ (0.0315)
Turnoverd× D(Quart 19) -0.0613∗ (0.0322)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 79,728
R2 0.62334
Within R2 0.01174

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variables D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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Table 3.A.8: Effect of turnover on the flow of elective surgeries when there is articulation
only at destination municipality

Dependent variable:

ln(flowodct)

Distod -0.0093∗∗∗ (0.0013)
SHRod 0.7141∗∗∗ (0.1898)
Turnovero× D(Quart - 4) 0.0165 (0.0405)
Turnovero× D(Quart - 3) 0.0285 (0.0401)
Turnovero× D(Quart - 2) -0.0281 (0.0387)
Turnovero× D(Quart - 1) -0.0047 (0.0355)
Turnovero× D(Quart 1) 0.0111 (0.0354)
Turnovero× D(Quart 2) -0.0512 (0.0379)
Turnovero× D(Quart 3) -0.0738∗∗ (0.0373)
Turnovero× D(Quart 4) -0.0495 (0.0386)
Turnovero× D(Quart 5) -0.0022 (0.0417)
Turnovero× D(Quart 6) -0.0210 (0.0419)
Turnovero× D(Quart 7) -0.0136 (0.0435)
Turnovero× D(Quart 8) 0.0213 (0.0432)
Turnovero× D(Quart 9) 0.0229 (0.0444)
Turnovero× D(Quart 10) -0.0012 (0.0448)
Turnovero× D(Quart 11) 0.0088 (0.0441)
Turnovero× D(Quart 12) -0.0283 (0.0449)
Turnovero× D(Quart 13) 0.0273 (0.0461)
Turnovero× D(Quart 14) -0.0161 (0.0462)
Turnovero× D(Quart 15) -0.0561 (0.0472)
Turnovero× D(Quart 16) -0.0310 (0.0460)
Turnovero× D(Quart 17) -0.0200 (0.0447)
Turnovero× D(Quart 18) -0.0062 (0.0465)
Turnovero× D(Quart 19) -0.0373 (0.0467)

Dependent variable:

ln(flowodct)

Turnoverd× D(Quart - 4) -0.0462 (0.0414)
Turnoverd× D(Quart - 3) -0.0568 (0.0403)
Turnoverd× D(Quart - 2) -0.0250 (0.0396)
Turnoverd× D(Quart - 1) -0.0249 (0.0355)
Turnoverd× D(Quart 1) -0.0567 (0.0359)
Turnoverd× D(Quart 2) -0.0453 (0.0387)
Turnoverd× D(Quart 3) -0.0743∗∗ (0.0371)
Turnoverd× D(Quart 4) -0.1269∗∗∗ (0.0382)
Turnoverd× D(Quart 5) -0.0661∗ (0.0397)
Turnoverd× D(Quart 6) -0.0493 (0.0415)
Turnoverd× D(Quart 7) -0.1405∗∗∗ (0.0430)
Turnoverd× D(Quart 8) -0.1542∗∗∗ (0.0427)
Turnoverd× D(Quart 9) -0.1090∗∗ (0.0440)
Turnoverd× D(Quart 10) -0.1159∗∗ (0.0457)
Turnoverd× D(Quart 11) -0.1098∗∗ (0.0459)
Turnoverd× D(Quart 12) -0.0969∗∗ (0.0451)
Turnoverd× D(Quart 13) -0.0182 (0.0478)
Turnoverd× D(Quart 14) -0.0209 (0.0474)
Turnoverd× D(Quart 15) -0.0187 (0.0464)
Turnoverd× D(Quart 16) -0.0424 (0.0457)
Turnoverd× D(Quart 17) -0.0151 (0.0467)
Turnoverd× D(Quart 18) -0.0403 (0.0462)
Turnoverd× D(Quart 19) -0.0556 (0.0463)

Fixed-effects
Origin Munic. - Electoral cycle (λc,o) Yes
Destin. Munic. - Electoral cycle (αc,d) Yes
Period - Electoral cycle (γct) Yes

Observations 42,216
R2 0.62213
Within R2 0.03324

Clustered (Origin Munic.-Destin. Munic- Electoral cycle) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Note: Turnovero and Turnoverd represent the turnover in the origin and destination municipalities,
respectively. The dummy variable D(Quart e) represents here the relative period variables from our
main equation, where we changed the notation here to make it easier for the reader to understand.
The regression include the fixed effects λc,o, αc,d, γct defined in the empirical strategy section. This
specification uses 2 electoral cycles (2012 and 2016).
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