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ABSTRACT 

We use the Regression Discontinuity methodology (RDD) to estimate the causal effect of the 

Municipalities' Participation Fund (Fundo de Participação dos Municípios - FPM) received by 

a municipality on characteristics of bordering municipalities, considering a variety of topics: 

public finance, education, health, and election results. We explore the constitutional rule that 

generates discontinuities in the transfer according to population brackets. Our main 

contribution is to estimate separately and together the spillover and the direct effect of FPM, 

considering both neighboring municipalities or just one of them near the thresholds. Thus, we 

can better understand the interaction between neighboring municipalities when there is a 

correlation in the probability of participating in a public program. We show that the estimates 

of the direct effect of FPM on local spending decreases by about 20% when we control for the 

neighboring cities' FPM, which effect is generally positive, with the exception of spending on 

health and sanitation. We estimate a positive effect of FPM on test scores in a national exam 

and on school pass rates in neighboring municipalities and state public elementary school. On 

the other hand, the receipt of FPM by neighboring municipalities of small population reduces 

the provision of health goods and services in nearby larger cities, which may occur due to 

reduced demand for health services. The worsening of some global health indicators is an 

indication, however, that there may be coordination problems for mayors retain their spending 

on health. In fact, when we control for the margin of victory in municipal elections and 

consider only neighboring towns with mayors from different parties, the spillover effect is 

greater in magnitude, indicating that political incentives are important to explain the under 

provision in health services, by one hand, and the increase in the education goods provision, 

on the other hand. We also found a positive effect of FPM on votes for the party of the federal 

government in local and national elections, and much of this effect is explained by the 

spillover from neighboring cities' FPM, showing that cities more economic dependent on the 

federal government become the political support for that government. Finally, we found an 

ambiguous effect of the increased revenue due to the FPM on the electoral competition in 

municipal elections, with a fall in the first place victory margin and a reduction in the number 

of applicants, which may be explained by the rising of fixed costs in local campaigns. 

 

Keywords: Quasi-experiment, public policy evaluation, applied  Microeconomics, Fiscal 

externality, Spatial Econometrics, Public Sector Economics, Urban Economics, Health 

Economics, Education Economics, Political Economy. 

 

 

 

 

 

 



 

RESUMO 

Nós usamos a metodologia de Regressões em Descontinuidade (RDD) para estimar o efeito 

causal do Fundo de Participação dos Municípios (FPM) recebido por um município sobre 

características dos municípios vizinhos, considerando uma variedade de temas: finanças 

públicas, educação, saúde e resultados eleitorais. Nós exploramos a regra que gera uma 

variação exógena da transferência em munícipios próximos às descontinuidades no repasse do 

fundo de acordo com faixas de população. Nossa principal contribuição é estimar 

separadamente e em conjunto o efeito spillover e o efeito direto do FPM, considerando ambos 

municípios vizinhos ou apenas um deles próximos às mudanças de faixa. Dessa forma, 

conseguimos entender melhor a interação entre municípios vizinhos quando há uma 

correlação na probabilidade de receber uma transferência federal. Nós mostramos que a 

estimativa do efeito direto do FPM sobre os gastos locais diminui em cerca de 20% quando 

controlamos pelo spillover do vizinho, que em geral é positivo, com exceção dos gastos em 

saúde e saneamento. Nós estimamos um efeito positivo da transferência sobre notas na prova 

Brasil e taxas de aprovação escolares em municípios vizinhos e na rede estadual do ensino 

fundamental. Por outro lado, o recebimento de FPM por municípios vizinhos de pequena 

população reduz o provimento de bens e serviços de saúde em cidades próximas e maiores, o 

que pode ocorrer devido à redução da demanda por serviços de saúde. A piora de alguns 

indicadores globais de saúde é um indício, no entanto, de que podem existir problemas de 

coordenação para os prefeitos reterem seus gastos em saúde. De fato, quando controlamos 

pela margem de vitória nas eleições municipais e consideramos apenas cidades vizinhas com 

prefeitos de partido diferentes, o efeito spillover é maior em magnitude, o que indica que 

incentivos políticos são importantes para explicar a subprovisão de serviços em saúde, por um 

lado, e o aumento da provisão de bens em educação, por outro. Nós também constatamos um 

efeito positivo do FPM sobre votos para o partido do governo federal nas eleições municipais 

e nacionais, e grande parte desse efeito é explicado pelo spillover do FPM de cidades 

vizinhas, mostrando que cidades com dependência econômica do governo federal se tornam a 

base de sustentação e apoio político desse governo. Por fim, nós encontramos um efeito 

ambíguo do aumento de receita devido ao FPM sobre a competição eleitoral nas eleições 

municipais, com uma queda da margem de vitória do primeiro colocado e uma redução do 

número de candidatos, o que pode ser explicado pelo aumento do custo fixo das campanhas 

locais. 

 

 

Palavras-chave: Quase-experimento, Avaliação de políticas públicas, Microeconomia 

aplicada, Externalidade Fiscal, Econometria Espacial, Economia do Setor Público, 

Economia Urbana, Economia da Saúde, Economia da Educação, Economia Política. 
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INTRODUÇÃO 

 

Esta tese é composta de 3 capítulos.  

 

O primeiro discute a metodologia para se inferir causalidade nas estimativas do Fundo de 

Participação dos Municípios (FPM), que explora as descontinuidades no repasse do fundo de 

acordo com faixas populacionais estabelecidas por lei. Nós buscamos resolver um puzzle na 

literatura de public economics, que é a identificação robusta de efeitos spillover fiscal entre 

municípios vizinhos através de um quase-experimento.  

 

Mostramos que o crescimento populacional é contínuo e não parece ser manipulado 

diretamente, de modo que usamos Regressões em Design de Descontinuidade (RDD), 

controlando pelos efeitos fixos de municípios no painel entre 2002 e 2012. A correlação nos 

crescimentos populacionais entre cidades próximas viabiliza a identificação do efeito do FPM 

usando o RDD, mas também abre a possibilidade de haver efeito spillover não contabilizado 

nos impactos do FPM estimados pela literatura. Nós usamos uma amostra particular de 

municípios e vizinhos para mostrar que nesse caso: i) as populações parecem estar 

correlacionadas; ii) quando controlamos pelo efeito spillover, em geral o efeito do FPM é 

reduzido; iii) o efeito spillover é significante e pode ser identificado com o uso do quase-

experimento. 

 

No segundo capítulo, é discutido os efeitos diretos e indiretos do FPM sobre bens 

publicamente providos e sobre indicadores de saúde e educação. Os efeitos spillover são 

especialmente importantes na provisão de saúde, uma vez que as cidades em geral apresentam 

uma organização hierárquica, com interdependência dos serviços. O efeito spillover negativo 

do FPM sobre gastos em saúde também se repete sobre os bens em saúde, revelando uma 

competição por médicos. O impacto sobre o IDEB – principal indicador da educação básica 

no Brasil - de municípios vizinhos e da rede estadual é positivo e significante, especialmente 

no primeiro ciclo, mas as melhoras nos recursos escolares e na qualificação dos professores 

parecem ser pequenas. 

 

Por fim, nós testamos algumas hipóteses de economia política no capítulo 3, de modo a 

identificar se as externalidades observadas se devem uma “transferência de recursos” entre as 

cidades, ou a interação estratégica entre políticos e gestores. Nós testamos o efeito da 

competição política sobre as eleições em municípios vizinhos, como predito por modelos de 

yardstick competition, e os efeitos spillover são maiores quando controlamos por cidades 

vizinhas com prefeitos de partidos diferentes, o que mostra que incentivos políticos são 

importantes para explicar a provisão de bens em educação e saúde. Nós também verificamos 

que o aumento de FPM acarreta em aumento de votos para candidatos do partido do governo 

federal para presidente e prefeito, e o FPM explica grande parte desse efeito. Esses resultados 

mostram que o FPM é uma forma de ligar dependência econômica e política nos pequenos 
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municípios brasileiros, talvez porque seja mais difícil fazer oposição ao governo federal 

quando as elites locais são muito dependentes da União. 
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PRINCIPAIS CONCLUSÕES 

 

     Os resultados mostram que a inclusão do efeito spillover, em casos em que municípios e 

vizinhos recebem o Fundo de Participação dos Municípios (FPM) ao mesmo tempo, altera as 

estimativas feitas quando não consideramos essa interação. De um ponto de vista mais geral, 

os resultados atestam a necessidade de considerarmos externalidades e interações entre 

jurisdições ao analisarmos experimentos que buscam avaliar políticas públicas em nível 

municipal. Dessa forma, estimamos o efeito direto do FPM, o spillover e os dois efeitos 

conjuntamente.  

 

     Nós comprovamos a correlação entre o crescimento populacional de munícipios vizinhos, 

o que induz a uma correlação do tratamento e a um spillover que pode viesar as estimativas 

do efeito direto da transferência se não for considerado, mas limita a capacidade de 

manipulação e autoseleção no programa. Comparando a regressão curta - em que 

consideramos apenas o FPM próprio, com a regressão longa - em que incluímos o FPM do 

vizinho, em geral o efeito spillover é positivo e o seu controle reduz em 20% o efeito do FPM 

próprio sobre gastos públicos, a não ser nos gastos em saúde e saneamento, em que o spillover 

é negativo.  

 

     Em geral, os efeitos agregados sobre os indicadores e bens de saúde são menores que os 

efeitos sobre os indicadores e bens de educação. O FPM impacta diretamente sobre o número 

de alunos matriculados na rede municipal e o aumento da aprovação, sobretudo no primeiro 

ciclo, demonstrando que as escolas municipais procuram atrair e manter mais alunos na 

escola. Além disso, o FPM adicional também apresenta externalidade positivas sobre as notas 

na Prova Brasil das redes estaduais da cidade e das redes municipais de cidades vizinhas. O 

efeito sobre as notas dessas redes é ainda maior que o efeito sobre as notas da rede municipal, 

cujo IDEB também aumenta, mas sobretudo devido ao aumento da aprovação 

 

     Ao contrário, os efeitos sobre bens de saúde são ambíguos, pois o efeito direto (positivo) 

em geral é de direção oposta ao spillover (negativo), o que reduz o efeito total do FPM. Uma 

hipótese é que os habitantes de cidades pequenas são muito dependentes dos serviços de 

saúde em cidades vizinhas. Aumento de gastos em saúde podem reduzir a demanda por saúde 

em cidades próximas. Por outro lado, problemas de interação política ou de “carona” podem 

levar a uma redução ainda maior dos gastos em saúde quando o vizinho gasta mais. No caso 

da educação, as funções obrigatórias dos municípios são basicamente as mesmas e se 

circunscrevem à educação primária, de modo que os efeitos spillover observados devem 

ocorrer devido ao aumento da competição entre as redes de ensino. Os resultados indicam um 

efeito substituição dos gastos em saúde e uma complementaridade dos bens em educação.  
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     As variáveis políticas são importantes para entender o spillover entre cidades vizinhas no 

Brasil. A estimativa de spillover é em geral maior quando usamos uma amostra de municípios 

com mais competição política e vizinhos governados por partidos diferentes. Além disso, o 

FPM impacta diretamente sobre as variáveis políticas. Nós encontramos fortes efeitos da 

transferência sobre a margem de vitória do partido do governo federal nas eleições 

presidenciais e municipais no primeiro turno e sobre a margem de vitória para os principais 

partidos, que é bastante explicada pelo efeito spillover, sugerindo que os eleitores observam 

os resultados fiscais dos municípios vizinhos na hora de escolher seus candidatos para 

presidente e prefeito. Analisamos também os efeitos do FPM sobre competição política local, 

sugerindo um maior acirramento das campanhas eleitorais.  
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Chapter 1: 

 

FPM, Spillovers  

and  

Public Spending 



Do federal grants to Brazilian local governments spill over into

neighboring cities?∗

Marcelo Castro†

Abstract

We estimate the fiscal spillover of an unconditional grant on local public expenditures
in neighboring municipalities. The identification relies on the legal rule for transferring
the main revenue in small municipalities, the Municipalities’ Participation Fund (Fundo de
Participação dos Munićıpios - FPM), according to population brackets, which allows the
use of Regressions in Discontinuity Design (RDD) around the thresholds. We estimate
the impact of cities crossing the thresholds on expenditures in neighboring cities that are
far from the thresholds, ensuring that only city in the pair of bordering municipalities
participates of the quasi-experiment. In this case, given that most of the cities receiving
the exogenous variation are bigger than the neighbors, we observe a significant and positive
spillover effect on neighbors’ local expenditures. We also estimate a positive spillover on
neighbor’s population that helps to clarify the observed fiscal correlation in neighboring
municipalities. Lastly, we estimate the own FPM effect on local expenditures, considering
cities with neighbors distant from the thresholds, and controlling for the neighbors’ FPM do
not statistically alters the results.

Keywords: fiscal federalism, fiscal spillover, flypaper effect, program evaluation.
JEL-Classification: H72, H77, C90.
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1 INTRODUCTION

1 Introduction

In federalist economies, it is fundamental to investigate the extent of strategic interactions among

jurisdictions to determine the distribution of government resources to subnational entities.

In addition, fiscal spillovers help predict better tax and expenditure responsibilities in those

jurisdictions. Although a large body of empirical literature has emerged in recent years that has

documented the existence of fiscal spillovers, such studies generally lack identification issues in

their estimation.

The aim of this article is to identify the causal effect of a federal grant to a municipality

on the bordering cities’ expenditures, which we call the grant spillover effect. We consider an

unconditional and involuntary transfer from the federal government to Brazilian municipalities,

the Municipalities’ Participation Fund (Fundo de Participação dos Munićıpios - FPM), as a

source of exogenous variation in local spending, uncorrelated with neighbors fiscal behavior.

FPM grants are distributed according to well-defined population brackets, thereby allowing us

to use municipalities that are close to the thresholds to identify exogenous variation in the

transfers to those jurisdictions. The method of Regression Discontinuity Design (RDD) allows

us to work around a central problem in the empirical literature: the endogeneity of neighbors’

fiscal responses.

Our paper is more closely related to Isen (2014) in that we also attempt to identify exogenous

variation in neighbors’ fiscal variables using RDD. However, our strategy of identification is

similar to Brollo et al (2013), Litshcig and Morrison (2013), Arvate et al (2013), Castro and

Regatieri (2014) and Corbi et al (2014) in that they exploit a key feature of FPM distribution:

this transfer increases exogenously and discontinuously at population bracket thresholds defined

by a federal law. We also estimate the FPM impact using cities with similar populations near

the thresholds, some of which receive a larger amount of additional federal funds because of

small increases in population. The main difference is that we look for the fiscal outcomes in the

neighboring cities.

Unobserved determinants of fiscal decisions are usually correlated across neighbors, whereas

in a federalist economy those jurisdictions’ decisions can be simultaneously determined in

equilibrium. The previous empirical literature that aimed to test for fiscal spillover used

instruments for neighbors’ fiscal behavior based on neighbors’ idiosyncratic characteristics or

lags in the variables of interest (Case, Rosen and Hines, 1993; Figlio, Kolplin and Reid, 1999;

16



1 INTRODUCTION

Saavedra, 2000; Brueckner and Saavedra, 2001; Deveraux, Lockwood and Redoano, 2007, 2008;

Bordignon, Cerniglia and Revelli, 2003; Buettner, 2003). More recently, the empirical literature

has addressed the identification problem using a more robust strategy (Baicker, 2004, 2005;

Knight and Schiff, 2010; Isen, 2014), and our paper aims to contribute to this recent literature.

In theoretical terms, there are three general ways in which local expenditures could spill

over onto neighboring cities (Wilson, 1999). First, when the number of jurisdictions is small, the

local taxes are chosen in strategic fashion, taking into account the inverse relationship between a

jurisdiction’s tax rate and its base. A related body of literature focuses on welfare competition,

specifically on income redistribution by local governments when the poor migrate in response to

differing welfare benefits. A third body of literature analyzes the strategic interactions caused

by benefit spillovers. However, according to Brueckner (2000), these theoretical models can be

classified into two main categories: spillover models and resource-flow models. The former

category incorporates cases in which a public service locally provided can be exploited by

people from neighboring municipalities, as with highway construction, environmental models,

and efforts to reduce crime. The latter category includes tax and welfare competition models

as well as the yardstick competition model (Besley and Case, 1995), in which voters look to the

taxes and public services delivery in neighboring municipalities before reelect the mayors.

Our results confirm the existence of the spillover effect, in contrast to the most recent

findings by Isen (2014), that does not find no significant fiscal spillover effect for a sample

of some American jurisdictional types, as counties, in Ohio. Considering all the four thresholds

aggregated, we find an impact of near R$3 increase in total expenditures for each R$1 of extra

FPM received by the neighbors, and this impact is bigger when the city receiving the extra

amount has more population. We separate the effects on expenditures by the function in the

administration, and we find the great spillover effects on health spending, followed by education

spending, both increasing near R$0.80.

The paper is divided as follows. In the next section we present our database and the FPM

institutional evolution. Section 3 explains our empirical approach. In Section 4 we investigate

some necessary conditions for our identification strategy, while in Section 5 we present our main

results. We lay out the final remarks in Section 6.

17



2 DATA AND INSTITUTIONAL BACKGROUND

2 Data and institutional background

FPM grants are the federal government’s most important transfer to municipalities and the

main revenue source of small municipalities. In our sample, FPM grants account for an average

of 45% of local budget revenues, which comprise tax revenues and transfers. The fund was

created in the 1947 Constitution, but its actual legal basis is outlined in the 1988 Constitution,

from Article 159 on, which sets the rule for allocating the fund’s resources. Article 160 of the

Constitution prohibits any constraints on the destination of these resources and restricts the

possibility of conditioning the transfer itself.

Transferring the FPM grants by population brackets was first established in 1966 with Law

No. 5,172 and the Complementary Act 35 of 1967. The current thresholds were defined in

the 1981 Decree Law No. 1,881, approved by Legislative Decree 19 of 1982. Complementary

Law No. 59 of 1988 determined that FPM population coefficients should be reviewed annually

according to population estimates released by the Brazilian Institute of Geography and Statistics

(Instituto Brasileiro de Geografia e Estat́ıstica - IBGE). Complementary Law No. 62, from 1989,

postponed this change, as did successive laws, such that this transition was only completed in

2007. Complementary Law No. 62 also defined the Court of Audit (Tribunal de Contas da União

- TCU) as the responsible body for monitoring and calculating the coefficients and creating

additional legislation to regulate the infra-constitutional background.

During the initial years of the 1990s, the transfers were still made based on 1981 decree law

coefficients. Beginning in 1993, the 1991 Census population was considered for cities that were

created after this census. Complementary Law No. 91 from 1997 determined the convergence

of the annual FPM grants to municipalities based on previous year population estimated by

IBGE over a transition period of four years, that was subsequently extended until 2007. This

transition aimed to help cities avoid drastically reductions in budget revenues, especially for

cities that had lost population because of migration or emancipation. In these cases, the annual

extra FPM, compared with the values under the 1995 coefficients, was discounted annually until

2007, operation named Financial Reducer (TCU Normative Decision No. 14, 1996).

We use data regarding the FPM transfers and expenditures of municipalities with fewer

than 30,000 inhabitants from 2002 to 2012, taken from the Finance of Brazil system (Finanças

do Brasil - FINBRA) of the National Treasury Secretariat (Secretaria do Tesouro Nacional -

STN). The values of municipal expenditures and FPM shares available in FINBRA are reported

18



2 DATA AND INSTITUTIONAL BACKGROUND

directly by the municipalities. We separately analyze the main municipal types of expenditures

according to their function in public administration: health, education, urbanization and basic

sanitation1. Nominal values (in reais, R$) were updated to January 2014 using the official

Consumer Price Index (́Indice de Preços ao Consumidor Amplo - IPCA), calculated by IBGE2.

Additionally, we use information about local populations estimates released by IBGE.

The preparation of FINBRA stems from Law No. 4,320, from 1964, Articles 111 and 112,

and Complementary Law No. 101, from 2000, Article 51. Each municipality sends the Table of

Consolidated Municipal Financial Data to a public national bank, and the National Treasury

compiles the information. We have an unbalanced panel with approximately 4,000 municipalities

that had fewer than 30,000 inhabitants between 2002 and 2012. There is an attrition rate of

approximately 5% caused by municipalities that did not send their information in different years,

generally, small towns with fewer than 10,000 inhabitants.

The data regarding local populations derives from population censuses that were conducted

every ten years by the IBGE and the census population counts conducted at halftime. In the

period considered, there were population censuses in 2000 and 2010 and a population count

in 2007, that are used to estimate population during the period 2003-2012. In the period

between population censuses, IBGE provides population estimates calculated from the growth

rates between the previous two censuses, weighted by country and state growth (IBGE, 2008).

IBGE publishes annual estimates until August 31 of each year, and by October 31, the final

estimates are sent to TCU (Article 102, Law No. 8443 of July 16, 1992). These estimates refer

to July 1 of each year (t) and are used to calculate FPM transfers in the following year (t + 1)

(Ministério da Fazenda, 2005; 2012a).

We use data regarding the FPM transfers and expenditures of municipalities with fewer

than 30,000 inhabitants from 2002 to 2012, taken from the Finance of Brazil system (Finanças

do Brasil - FINBRA) of the National Treasury Secretariat (Secretaria do Tesouro Nacional -

STN). The values of municipal expenditures and FPM shares available in FINBRA are reported

directly by the municipalities. We separately analyze the main municipal types of expenditures

according to their function in public administration: health, education, urbanization and basic

sanitation3. Nominal values (in reais, R$) were updated to January 2014 using the official

1Considering the municipalities in our sample, the main types of expenditures in each function are: health -
primary care and hospital assistance; education - elementary and childhood education; urbanization - construction
of roads and public works; sanitation - urban sanitation. More information about the expenditure classification
by function is available in Rezende (2007).

2US$1 was approximately equal to R$2.35 during this period at the official exchange rate.
3Considering the municipalities in our sample, the main types of expenditures in each function are: health -
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Consumer Price Index (́Indice de Preços ao Consumidor Amplo - IPCA), calculated by IBGE4.

Additionally, we use information about local populations estimates released by IBGE.

The preparation of FINBRA stems from Law No. 4,320, from 1964, Articles 111 and 112,

and Complementary Law No. 101, from 2000, Article 51. Each municipality sends the Table of

Consolidated Municipal Financial Data to a public national bank, and the National Treasury

compiles the information. We have an unbalanced panel with approximately 4,000 municipalities

that had fewer than 30,000 inhabitants between 2002 and 2012. There is an attrition rate of

approximately 5% caused by municipalities that did not send their information in different years,

generally, small towns with fewer than 10,000 inhabitants.

The data regarding local populations derive from population censuses that were conducted

every ten years by the IBGE and the census population counts conducted at halftime. In the

period considered, there were population censuses in 2000 and 2010 and a population count

in 2007, that are used to estimate population during the period 2003-2012. In the period

between population censuses, IBGE provides population estimates calculated from the growth

rates between the previous two censuses, weighted by country and state growth (IBGE, 2008).

IBGE publishes annual estimates until August 31 of each year, and by October 31, the final

estimates are sent to TCU (Article 102, Law No. 8443 of July 16, 1992). These estimates refer

to July 1 of each year (t) and are used to calculate FPM transfers in the following year (t + 1)

(Ministério da Fazenda, 2005; 2012a).

We calculate the amounts that should have been transferred in accordance with the law,

which we call theoretical FPM, to determine whether the values reported to FINBRA by the

mayors are correct. Theoretical FPM can be described by Equation (1):

theoreticalFPMit =
FCit

Σj|SFCjt
×KS ×Mt × 0.864 (1)

We divide the final coefficient of each city, FC, which is a linear function of the previous

year’s population coefficient, for the state S total. The population coefficients for the four

thresholds that we consider in our estimations are presented in Table 1 of Appendix E and

the exact calculation of FC is detailed in Appendix F. Then, we multiply this value by the

state coefficient, KS , which follows a tabulation also defined by the FPM law (TCU Resolution

primary care and hospital assistance; education - elementary and childhood education; urbanization - construction
of roads and public works; sanitation - urban sanitation. More information about the expenditure classification
by function is available in Rezende (2007).

4US$1 was approximately equal to R$2.35 during this period at the official exchange rate.
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242/1990) and presented in Table 2 of Appendix E. Mt is the national amount allocated to the

FPM each year, determined as 23.5% of the Income Tax and the Tax on Industrialized Products

collected by the union. 86.4% of this amount is destined for interior cities with fewer than

140,000 inhabitants, which applies to all the cities in our sample5.

All sample data is summarized on Table 1. We present descriptive statistics for total, health,

education, urbanism and education expenditures. Also we present descriptive statistics of local

population and local population growth. As can be seen in the data the annual amount received

as FPM transfers in average accounts for the sum of average health and education expenditures.

Also one can see that there is an average annual growth of population of 0,72% in this period.

Table 1: Descriptive analysis: population with up to 30,000 inhabitants

Variable Obs Mean Std. Dev. Min Max

FPM 47837 910.79 672.95 0 59,402.22
spending 47720 2,016.67 1,461.85 0 214163.7
health 47720 416.92 312.38 0 45,994.31
education 47720 554.09 424.33 0 74,113.34
urbanism 47720 169.89 184.74 0 14,823.05
sanitation 34566 31.15 73.54 0 4,567.08
population 47837 10,309.62 7,116.97 804 29,999.00
population growth 38067 0.72 5.94 -66.01 274.52

Notes: All sample data: cities with up to 30,000 unhabitants. Years 2003-2012. We use per capita values of FPM

and expenditures, updated using the official inflation index.

Table 2 presents descriptive statistics of the municipalities that are used in the RDD regressions

and that are near the population thresholds, considering a window of 500 inhabitants around

the FPM thresholds. They are on average municipalities that spend less and receive less FPM,

but the population and population growth are similar to all sample data. Also, we present the

proportion of municipalities to the right (treatment group) and to the left (control) of each of

the 4 thresholds used in the regressions. The probability of being treated is slightly above 50%,

as population growth on the right of the thresholds is slightly above the all sample mean, but

the differences are not statistically significant.

5More information for the theoretical FPM coefficients can be found in Gasparini and Miranda (2006).
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Table 2: Descriptive analysis: municipalities near the RDD thresholds

Variable Obs Mean Std. Dev. Min Max

FPM 5282 563.97 152.03 0 1,089.05
spending 5270 1,564.79 890.66 0 19,572.15
health 5270 330.16 182.01 0 3,305.98
education 5270 479.54 230.09 0 5,047.24
urbanism 5270 143.35 150.42 0 4,173.78
sanitation 3813 27.24 91.8 0 4,567.08
population 5282 14,148.63 4,262.47 9,690.00 24,272.00
population growth 4140 1.11 6.9 -47.59 167.98
treated 1 2056 0.62 0.49 0 1
treated 2 1522 0.56 0.5 0 1
treated 3 1120 0.57 0.5 0 1
treated 4 584 0.58 0.49 0 1
treated (1-4) 5282 0.59 0.49 0 1

Notes: Municipalities in the 500 inhabitants windows around the thresholds. Years 2003-2012. We use per capita

values of FPM and expenditures, updated using the official inflation index.

Finally, in Table 3 we present the descriptive data for municipalities in the RDD control

group (500 inhabitants to the left of the thresholds) in the upper part (A) and in the RDD

treatment group (500 inhabitants to the right of the thresholds) at the bottom (B). One can

observe more observations in the treated group, a sign of possible manipulation, but the values

of per capita FPM and public spending are not statistically different between the two groups.

Moreover, as we explore further, population growth are not statistically different between the

groups.
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Table 3: Descriptive analysis: treated and non-treated cities

Variable Obs Mean Std. Dev. Min Max

control group (A)
FPM 2176 515.35 127.65 0 980.02
spending 2168 1,510.32 914.16 0 19,389.90
health 2168 317 183.05 0 2,896.49
education 2168 464.15 222.57 0 2,873.20
urbanism 2168 138.46 166.89 0 4,173.78
sanitation 1466 27.7 54.81 0 721.11
population 2176 13,996.54 4,233.42 9,690.00 23,769.00
population growth 1689 1.01 5.78 -33.1 139.1

treated group (B)
FPM 3106 598.02 158.37 0 1,089.05
spending 3102 1,602.85 871.99 351.25 19,572.15
health 3102 339.37 180.74 0 3,305.98
education 3102 490.3 234.64 0 5,047.24
urbanism 3102 146.77 137.68 0 2,506.71
sanitation 2347 26.95 108.7 0 4,567.08
population 3106 14,255.19 4,280.16 10,189.00 24,272.00
population growth 2451 1.17 7.58 -47.59 167.98

Notes: We consider cities within a 500 inhabitants windows to the left on any FPM thresholds (non-treated) and

cities within a 500 inhabitants windows to the right of the thresholds (treated). Years 2003-2012. We use per

capita values of FPM and expenditures, updated using the official inflation index.
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3 Empirical strategy

We use the experimental econometric notation to define city i’s potential spending as a function

of the neighbors j’s FPM transfers and population size:

Yi(Tj , pj) = w0(pj) + [w1(pj)− w0(pj)]Tj + εi

Yi is city i’s spending due to spillover effects from neighbors j

Tj : indicates whether neighbor j receives an extra R$1 per capita of FPM

w1(pj): potential spillover from neighbors j with population pj if j is treated

w0(pj): potential spillover if j is not treated.

εi: potential spending of city i, not correlated with neighbors fiscal behavior.

We want to estimate the Average Treatment Effect:

ATE = E(Yi|Tj = 1, pj)− E(Yi|Tj = 0, pj)

The identification problem is that we do not observe spending to the same city in case

of treatment or not. The regression discontinuity ensures, theoretically, the potential effects

balancing between treated municipalities and a selected control group.

The RDD relies on identification exactly at the discontinuity thresholds. Considering the

continuity of the potential variables at the thresholds, any ”jump” of the response variables

around these points must be a causal effect of the treatment:

LATE(p1) = lim
pi→p+1

E(Yi|Ti)− lim
pi→p−1

E(Yi|Ti) =

lim
pi→p+1

E(Yi|Ti = 1)− lim
pi→p−1

E(Yi|Ti = 0) =

w1(p1)− w0(p1)

We formalize the regressions to be estimated. Our objective is to estimate the LATE in

equation (3) given j’s population at different thresholds. The option adopted in this paper

for the RDD implementation follows Angrist and Lavy (1999), who also used a Two-Stage

Least Squares (2SLS) approach. The first stage consists of regressing cities j’s declared FPM
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per capita on j’s theoretical FPM per capita, the calculated amount that should have been

transferred strictly under the law. In the second stage we estimate the impacts of j’s FPM

per capita predicted in the first stage on i’s budget expenditure. 2SLS estimates the average

effect on the population of compliers (Angrist, Imbens and Rubin, 1996), but as there are no

deviations from the rule, these estimates should capture the Intended to Treat Effect.

The first stage specification is:

FPMj = λ0 + λ1theoreticalFPMj + λ2k2(p) + v (2)

where FPM is the vector of neighbors j’s declared per capita FPM and theoreticalFPM

are the neighbors j’s theoretical per capita FPM. k2(p) is the vector of i and j’s population

polynomials of order 2 and v is the error term due to declarations mistakes in FINBRA. The

second stage regression is:

Gi = α0 + τFPM∗j + α1k2(p) + ϑi (3)

where Gi is city i’s municipal budget expenditure and FPM∗j are the cities j’s FPM per

capita estimated in the first stage. τ is the vector of the coefficients of interest. ϑi is the city i’s

idiosyncratic error term, which we cluster by city i to control the variance of each city over time

(Wooldrigde, 2002). We also estimate regressions using the variable logarithms, except for the

population polynomials. Estimation using panel data to control for local fixed effects guarantees

the robustness of our results because, as we precisely demonstrate in the next paper, politicians

can not completely manipulate population growth over time6. We present in the next article a

complete description of manipulation possibilities and hypothesis testing for identification.

6This strategy is similar to Corbi et al (2014), that used a difference and difference approach and also claimed
that the capacity of manipulation is imprecise.
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4 Impacts of the FPM population thresholds

We present evidences of the FPM exogenous shocks at the population thresholds7. Figure

1 compares the average per capita FPM transferred according to data from FINBRA, which

are reported by city halls, and theoretical FPM, the value that should be transferred strictly

following FPM law, as functions of the previous year’s estimated population. On average,

municipalities report amounts that exceed what should be transferred by the fund, possibly

because this resource is distributed along with others, thereby creating difficulties in separating

resources. The peaks in Figure 1 are the effects of the population coefficient variation at the

thresholds. Increases in per capita FPM occur only in regions close to the thresholds, whereas

in other regions, the correlation between per capita FPM and population is negative.

Figure 2 shows the effect of the population rule on the per capita FPM on the left and

right sides of the cutoffs using Calonico, Cattaneo and Titiunik’s (2014b) estimator for RDD

graphs (based on linear polynomial regressions). We consider 500 inhabitants windows around

the thresholds. The increase in per capita FPM due on population rule is strong, especially at

thresholds 1 and 2.

Figure 1: Estimates of declared and theoretical per capita FPM for all the sample

Figure 3 indicates a smaller effect of population rule on budget spending. The largest impact

occurs at threshold 1, but this impact is much smaller than the effect on declared FPM in Figure

2. Figure 4 shows a positive impact of neighbor j’s population on i’s spending when j is close to

7We let to the next paper a more detailed discussion of the assumptions and tests for the internal validity of
the RDD using the FPM thresholds. In particular, we argument that the evolution of the local population, the
forcing - variable in our RDD, can be considered exogenous and outside the influence of local politicians.
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Figure 2: Per capita FPM estimates in cities near the thresholds

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

the thresholds, except at threshold 4. The spillover effect is stronger when city j is at threshold

3 and city i is probably at threshold 1 and 2, that is, when neighbor j is larger than city i.

5 RDD estimates of fiscal spillovers

We avoid FPM correlations between municipalities and their neighbors selecting an appropriate

sample of cities i that lie outside of any of the RDD windows with neighbors j in the RDD

windows, in which case the probability of both cities i and j changing population coefficient

simultaneously is considerably reduced8. In this case, small population growth may change the

treatment status of j but not of i, so we can identify the FPM spillovers.

Table 4 shows FPMj impacts on j’s spending by function, the own FPM effect, considering

neighbors i out of RDD windows. We perform 2SLS-FE regressions using level variables and

considering the FPM grant received by municipality j at each of the four thresholds - initially, we

consider all of the thresholds together. On the left side of the table (A), we consider regressions

without controlling for FPMi. Overall, the estimates are relatively close to those that were

previously calculated. On the right side of the table (B), we repeat the regressions with the

addition of FPMi. We consider the aggregate FPM grant received by neighbor i in place of the

per capita values because neighbor i’s population can be influenced by spillover effects, as we

analyze latter.

8Consider neighbors j that are colored and cities i that are white on maps of Appendix D.
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Figure 3: FPM population rule impact on budget expenditures

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

The reduction in own FPM effect are in average close to 5% when we control for the

neighbors’ FPM. The differences are not statistically significant and are smaller than those

found in the next paper, when we consider both city i and neighbors j close to different FPM

population thresholds. Estimated variances increase when we control for j’s FPM, indicating

weaker correlations between the cities i’s FPM and j’s expenditures. The impacts on total budget

spending shows the greater decrease with the inclusion of FPMi, although this difference is not

statistically significant, except when we consider all the thresholds together.

The estimates for neighbor j’s FPM spillover effect, with j in the RDD windows, on city

i’s public spending, with i outside the RDD windows, are shown in Table 5. The results of

2SLS regressions without adding the FPM received by i as control are on the left side (A). The

estimates for spillover are larger than those that we found for the own FPM effect. In this case,

as will be made clear in the next paper, most cities i have fewer than 10,000 inhabitants and so

are smaller than j, showing that the spillover effect of the neighbor j’s FPM on city i’s spending

is greater when j is larger than i. The right side (B) repeats the estimation spillover with the

addition of the FPM received by i as the control. Spillover effects on overall expenditures decrease

with the addition of municipality i’s FPM grant. Estimates are significant in all specifications.

The effects estimated for the FPM that were added as controls (that is, from cities outside the

RDD windows) are null up to two decimal places, for all regressions performed in this Section,

which is further evidence of the validity of the instrument in our sample.

Finally, we estimate the spillover effect on city i’s population when j is within the RDD
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Table 4: Impacts of city i’s FPM on i’s spending - neighbor j out of RDD windows
control: FPMj without control (A) control (B)

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

all thresholds
FPMi 2.55*** 0.72*** 0.81*** 0.27*** 0.01 2.28*** 0.76*** 0.69*** 0.22*** 0.01

(0.04) (0.01) (0.01) (0.01) (0.01) (0.08) (0.02) (0.02) (0.02) (0.02)
obs 15827 15827 15827 15827 11390 15827 15827 15827 15827 11390

threshold 1
FPMi 2.55*** 0.74*** 0.74*** 0.29*** 0.004 2.31*** 0.81*** 0.64*** 0.28*** -0.01

(0.07) (0.02) (0.02) (0.02) (0.01) (0.16) (0.04) (0.04) (0.05) (0.01)
obs 6403 6403 6403 6403 4664 6403 6403 6403 6403 4664

threshold 2
FPMi 2.49*** 0.69*** 0.87*** 0.21*** 0.06*** 2.36*** 0.75*** 0.88*** 0.17*** 0.03

(0.05) (0.02) (0.02) (0.02) (0.02) (0.11) (0.04) (0.05) (0.03) (0.02)
obs 4284 4284 4284 4284 3047 4284 4284 4284 4284 3047

threshold 3
FPMi 2.68*** 0.77*** 0.94*** 0.28*** -0.12* 2.68*** 0.96*** 0.86*** 0.26*** -0.02

(0.08) (0.02) (0.03) (0.02) (0.07) (0.2) (0.07) (0.06) (0.04) (0.14)
obs 3262 3262 3262 3262 2299 3262 3262 3262 3262 2299

threshold 4
FPMi 3.00*** 0.81*** 0.94*** 0.39*** 0.08*** 2.60*** 0.85*** 0.79*** 0.21** 0.06**

(0.1) (0.03) (0.04) (0.03) (0.01) (0.28) (0.1) (0.1) (0.09) (0.03)
obs 1878 1878 1878 1878 1380 1878 1878 1878 1878 1380

Notes: *** p<0.01, ** p<0.05, * p<0.1. We estimate a 2SLS specification similar to equations (2) and (3), but

we estimate the FPMj on city j’s expenditures, Gj . We consider the data for the years 2002-2012 and we control

for fixed effects. Covariates omitted. Standard errors are clustered at the city i level and showed in parenthesis.

Variables in level. We control at the right side (B) for the total FPM received by neighbor i. We estimate the

impacts of cities j’s FPM, with j’s population near all the thresholds or separated by each one, on city j’s local

spending, classified by the function in the public administration: total budget spending (1), health (2), education

(3), urbanism (4) and sanitation (5).
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Table 5: Spillover effects of neighbor j’s FPM on city i’s spending - i out of RDD windows
control: FPMi without control (A) control (B)

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

all thresholds
FPMj 3.09*** 0.87*** 0.84*** 0.30*** 0.04*** 2.72*** 0.94*** 0.66*** 0.21*** 0.04***

(0.05) (0.01) (0.01) (0.01) (0.01) (0.10) (0.03) (0.03) (0.03) (0.01)
obs 15839 15839 15839 15839 11390 15839 15839 15839 15839 11390

threshold 1
FPMj 3.33*** 0.95*** 0.82*** 0.33*** 0.04*** 3.17*** 1.04*** 0.69*** 0.27*** 0.04**

(0.09) (0.02) (0.03) (0.02) (0.01) (0.19) (0.06) (0.06) (0.05) (0.02)
obs 6413 6413 6413 6413 4664 6413 6413 6413 6413 4664

threshold 2
FPMj 2.89*** 0.87*** 0.86*** 0.24*** 0.05*** 2.49*** 0.99*** 0.70*** 0.13** 0.05***

(0.09) (0.03) (0.03) (0.03) (0.01) (0.19) (0.07) (0.07) (0.06) (0.02)
obs 4282 4282 4282 4282 3047 4282 4282 4282 4282 3047

threshold 3
FPMj 3.41*** 0.92*** 0.89*** 0.33*** 0.03** 3.25*** 1.08*** 0.71*** 0.24*** -0.01

(0.14) (0.03) (0.04) (0.03) (0.01) (0.35) (0.08) (0.09) (0.07) (0.02)
obs 3267 3267 3267 3267 2299 3267 3267 3267 3267 2299

threshold 4
FPMj 3.84*** 0.98*** 0.96*** 0.48*** 0.06*** 3.31*** 1.14*** 0.69*** 0.47*** 0.07*

(0.16) (0.05) (0.06) (0.05) (0.02) (0.46) (0.15) (0.16) (0.13) (0.04)
obs 1877 1877 1877 1877 1380 1877 1877 1877 1877 1380

Notes: *** p<0.01, ** p<0.05, * p<0.1. We estimate the 2SLS specification detailed in equations (2) and (3),

considering the data for the years 2002-2012 and controlling for fixed effects. Covariates omitted. Standard errors

are clustered at the city i level and showed in parenthesis. Variables in level. We control in the right side (B)

for the total FPM received by neighbor j. We estimate the impacts of neighbors j’s FPM, with j’s population

near all the thresholds or separated by each one, on city i’s local spending, classified by the function in the public

administration: total budget spending (1), health (2), education (3), urbanism (4) and sanitation (5).
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Figure 4: FPM population rule impact on neighbor budget expenditures

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

windows and i is not. The upper part of Table 6 shows the results for level variables. The

estimated effects without controlling for i’s FPM (A) are significant for all thresholds and increase

with j’s population, and there is an increase of one inhabitant for each R$1 of per capita FPMj

when j is close to threshold 4. The right side (B) shows that the spillover effect on i’s population,

when controlling for FPMi, becomes statistically null for all thresholds considered together and

for the first and second thresholds separately, whereas the effects are still positive for thresholds

3 and 4. The estimated effects with the variables in logarithms show an elasticity between the

thresholds that varies from 0.03% to 0.06%, except for cities j that are at the first threshold,

0.01%, and the results are similar when we control for i’s FPM. Spillovers of FPM on regional

population mobility may explain part of population correlation and fiscal interactions among

Brazilian municipalities.
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Table 6: Spillover effect of neighbor j’s FPM on city i’s population - i out of RDD windows

control: without
FPMi control (A) control (B)

thresholds 1-4 (1) (2) (3) (4) 1-4 (1) (2) (3) (4)

level
variables
FPMj 0.55*** 0.32*** 0.63*** 0.93*** 1.03*** -0.05 -0.24 0.23 1.13*** 1.55***

(0.06) (0.1) (0.11) (0.14) (0.2) (0.13) (0.21) (0.24) (0.37) (0.58)
obs 15867 6422 4291 3276 1878 15867 6422 4291 3276 1878

ln
variables
FPMj 0.03*** 0.01** 0.03*** 0.06*** 0.05*** 0.03*** 0.01 0.03*** 0.05*** 0.04***

(0.003) (0.01) (0.01) (0.01) (0.01) (0.004) (0.01) (0.01) (0.01) (0.01)
obs 15856 6417 4291 3270 1878 15834 6409 4284 3266 1875

Notes: *** p<0.01, ** p<0.05, * p<0.1. We estimate a 2SLS specification similar to equations (2) and (3),

excepted that we look to the per capita FPMj impacts on city i’s population. We use data for the years

2002-2012 and we control for fixed effects. Covariates omitted. Standard errors are clustered at the city i level

and showed in parenthesis. Variables in level. We control in the right side (B) for the total FPM received by city

i, in R$. We estimate the impacts of neighbors j’s FPM, with j’s population near all the thresholds or separated

by each one, on city i’s population. We use data of population and per capita FPM in level at the top and in

logarithms at the bottom, except for population and theoretical per capita FPM received by i.

32



6 CONCLUSIONS

6 Conclusions

We perform estimations of the FPM spillovers selecting municipalities near the FPM population

thresholds and looking for the impacts on neighboring cities far from the regions of discontinuity

in FPM. We find positive and significant effect on bordering cities budget spending, specially on

health and education spending. Due to population distribution in our sample, this is the effect

of a city with at least 10,000 inhabitants that receivers an extra FPM on neighboring cities with

less than 10,000 inhabitants in most of the cases.

We also estimate the own FPM effects on local spending, considering neighbors distant from

the FPM thresholds, and the estimates are not affected by the inclusion of neighbors’ FPM,

generally retaining the significance, an evidence of small correlation of FPM our sample. We

find that j’s FPM could have a larger impact on i’s expenditure than own FPM’s counterpart

in the situation that neighbors j are usually bigger than i.

Finally, we estimate the FPM spillover effect on neighbor’s population, which is positive

and significant, specially at thresholds 3 and 4. Spillover effects of neighbor j’s FPM on city

i’s population may be one explanation of the observed FPM and fiscal correlation between

neighboring cities in Brazil. This result indicates that population mobility may be an important

variable explaining fiscal interaction among Brazilian cities, as population is the only variable

that can increase local FPM over the short term and that local politicians can influence. One

possibility is that cities compete with each other attracting population. Also, local development

due to the extra grant may lead to migration from other regions.
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1 INTRODUCTION

1 Introduction

The aim of this article is to identify the causal effect of a federal grant to a municipality on its

own expenditures, separating from the effect of neighbors’ grants, the grant spillover effect. We

show that, for a specific sample of cities, estimating municipality’s own FPM per capita as a

quasi-experiment to measure the impacts of transference on expenditures may be misleading if

we do not consider neighbors’ conditions, due to correlations between neighbors’ FPM grants.

In experimental design context, we should say that increasing i’s probability of being treated

increases the probability of j’s being treated, so not controlling for both cities’ treatment status

may lead to bias in the estimates.

The data and methodology for causal estimation are the same detailed in the last paper,

so this discussion will be skipped. We again estimate the impact of FPM close to population

thresholds that generates discontinuities in the FPM distribution, and we use the theoretical

FPM in the first stage to correct for bias due to declaration error. The main difference is that

now we use cities i near one of the four thresholds, with neighboring cities j near a different

threshold, so we estimate the own FPM effect in city i and the spillover from city j on city i’s

fiscal outcomes.

We argue that the RDD methodology is valid because the capacity of manipulating the

population, our forcing variable, is imprecise, since the population of each city is calculated

using the demographic evolution of similar cities in each state. The possible correlation on

neighboring cities’ populations is an argument to control for both own and neighbors’ FPM,

if cities react to neighbors’ fiscal behavior. Corbi et al (2014) control for population in the

cities in the same micro region as control and find no significant spillover effect. The bias

due to spillover, however, may be stronger with we consider both cities and neighbors near

different population thresholds, as the population dynamics are similar, and so the probability

of crossing the thresholds are correlated. We show that using this sample of neighbors allows us

to disentangle own FPM effect and spillovers from neighbors’ FPM, as generally the addition of

the neighbors’ grants changes the own FPM estimates and spillover is significant.

Our estimation suggests a reduction of own’s transfers effect on local public expenditures

close to 20% after we control for neighbor’s transfers. Our identification strategy also allows to

disentangle the pure effect of own’s transfers (average 1.5) and the exclusive effect of neighbors’

transfers (average 0.7) on local public expenditures. These results are similar for education
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2 EMPIRICAL STRATEGY

spending, non significant for urbanism expenditures, but we find a negative correlation between

neighbor’s transfers and health and sanitation spending. More importantly, the magnitude of

the FPM own and spillover impacts are smaller than previously estimated in the literature and

in the previous paper, and in many situations insignificant, showing that the interaction of FPM

may lead to a reduction in the spending and even a negative effect in some situations.

The paper is divided as follows. In the next section we explain our empirical approach.

In Section 3 we carefully investigate the assumptions necessary for our identification strategy,

while in Section 4 we present our main results. Section 5 presents the results considering extra

robustness checks implemented in the Appendix. The conclusions are in Section 6.

2 Empirical strategy

We want to analyze the effect of extra FPM transfers received by municipalities on their budget

expenditures considering the spillover effects from neighboring cities, which could also have

received extra transfers. An Ordinary Least Squares (OLS) regression using all cities would

likely be spurious given that per capita local spending and FPM are both correlated with local

population. Also, similar neighboring municipalities are affected by similar cost shocks to local

public goods provision and prices as well as by national trends in the economy, situations that

could wrongly suggest a spillover effect (Revelli, 2005).

The methodology commonly used to estimate causal FPM impacts is based on this grant

distribution law, which determines that part of the amount is transferred according to specific

population segments. Hence, causal identification relies on the assumption that per capita FPM

variation can be considered a random experiment near the thresholds. There is a small or null

probability that a municipality receives a different value from the one established by this legal

criterion of city population, because the transfers are automatically made monthly following

accounting rules of apportionment.

RDD instrument validity entails that population thresholds cannot be correlated with other

local characteristics that are correlated with local spending to ensure causal impacts identification

(Lee, Lemieux, 2010). This means that the population brackets that are used to transfer funds

to municipalities cannot be correlated with other factors that influence local expenditures, at

least in small regions near the thresholds. Additionally, the method implies that it is not possible

to complete manipulate population, what could result in nonrandom variation between control
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2 EMPIRICAL STRATEGY

and treatment groups, but we do allow for some non-prohibitive marginal manipulation. We

can solutionate this manipulation problem if we control for city fixed effect, specially after 2007,

as the previous year population is used to annual FPM distribution, and cities cannot directly

control population growth, as we explain later.

Many papers have used this methodology and have found a positive impact of FPM on

local expenditures (for example, Arvate et al, 2013, and Castro and Regatieri, 2014). In this

paper, we argue that part of the estimated FPM effect on local expenditures may occur because

of spillover effects from the FPM grants that are transferred to neighbor municipalities. The

correlation between the population growth in neighboring municipalities leads to correlations

among received FPM, even if we control for local fixed effects. Thus, we show that the FPM

impact estimated by RDD are sensitive to the choice of neighbor cities.

There are three types of spillover or spatial interactions due to FPM that we are concerned.

First, the estimated impact using FPM population rule ignores general equilibrium effects

caused by the transfer. In particular, the estimated effect is the result of fiscal interactions

between municipalities that receive the resource and their neighbors. Additionally, depending

on the complementarity of neighbors’ spending, prices and demand can be impacted. General

equilibrium effects are difficult to distinguish, but their presence does not invalidate the estimates

if our interest is on the final effect of the experiment.

Two other types of spillover can lead to bias in the estimates, even if the goal is to measure

the total effect of the program. First, municipalities with a higher FPM population coefficient

occasionally have neighbors that are in the control group (i.e., immediately left of the thresholds),

which is likely to occur because of population correlation between neighboring municipalities.

Thus, controlling for this type of spillover prevents the treatment from contaminating the

control group, which can lead to underestimating the treatment effect (if the FPM grants

and neighbors’ expenditures are complementary) or overestimating it (if the FPM grants and

neighbors’ expenditures are substitutes). Our solution involves the assumption that city i and

neighbor j necessarily receive different instruments that do not coincide, that is, they are in

different RDD estimation windows. We ensure that, for example, if city i is considered treated

as crossing threshold 1, for example, its neighbors j do not appear as controls at threshold 1,

and neighbors j are necessarily in either the treatment or the control groups at any of the other

thresholds.

Finally, the third and more challenging possibility of spillover occurs even when we control
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2 EMPIRICAL STRATEGY

for city i and neigbor j at different thresholds. Municipalities that surpass one threshold

during the period may probably have neighbors that also surpass different thresholds because

of the population growth correlation of neighboring municipalities. The formula for the annual

population growth estimated by the IBGE, as will be made clear in Section 4, depends on the

growth in each city, region and country, between the two previous censuses. This generates

treatment correlation among neighbors that are close to different thresholds. We control for this

type of spillover adding the cities i and j’s FPM grants simultaneously in the regressions.

Our empirical strategy finds support in the empirical literature that seeks to estimate the

spillover effect of social experiments. For example, Acemoglu and Angrist (2000) use two

endogenous variables to estimate school peer effects. They control for student’s measured

ability, as for the school mean ability, as there is a common thought that students’ abilities

are correlated within a school. There is a literature that also considered double randomization

as the best way to estimate spillover effect (Angelucci, De Giorgi, 2009; Angelucci, Di March,

2010). Thus, we simultaneously control for own and neighbor j’s populations as two different

instruments, possibly correlated, to identify own and neighbor’s FPM effects, as it is equivalent

to take random cities i that are eligible for the treatment and then randomize their neighbors j.

We detail our strategy considering cities i and j with populations pi and pj in small windows

around different thresholds with no intersection among them. We consider for now 2 population

thresholds (we use four thresholds in our estimates), p1 and p2, and that FPMi is a function

of p1 and FPMj is a function of p2, as the only variable considered affecting FPM transfers

and local expenditures in the windows. We consider that city i’s budget spending depends on

whether city i or its neighbor j receive the FPM grants. We assume for simplicity that treatment

can be represented by a binary variable, as the effect of an additional R$1 transferred. Actually,

local population is just one variable of the formula used for the distribution of FPM, as we made

clear in Section 2, which means that treatment is heterogeneous even among cities at the same

threshold. However, we consider sufficiently small estimation windows around the thresholds to

capture the specific impact of the population rule. Based on Imbens and Lemieux (2008), we

formalize city i’s potential spending as a funtion of the i and j’s FPM transfers and population

size:

Gi(Ti, Tj , pi, pj) = g0(pi) + [g1(pi)− g0(pi)]Ti + w0(pj) + [w1(pj)− w0(pj)]Tj
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where

Ti = 1[pi > p1]

and

Tj = 1[pj > p2]

Gi is city i’s spending, which depends on its population and that of its neighbor. Ti is

a binary function that indicates whether municipality i receives an additional transfer, which

occurs when the population, pi, is greater than the cutoff, p1. g1(pi) is the potential expenditure

of municipalities with population pi due to a R$1 per capita of transfer, while g0(pi) is the

potential expenditures of these cities when the mayors do not have that additional income. The

same is true for Tj , which is 1 when the population of city j, pj , is larger than a given threshold,

p2, with p1 6= p2. Also, w1(pj) is the potential spillover of city j onto city i spending when city j

receives the extra FPM grant and w0(pj) is the potential spillover of city j onto city i when city

j does not receive the extra amount.

Thus, the total impact of the city i’s FPM grant on local spending is equal to the potential

direct impact of receiving an extra money plus the additional spillover of neighbors receiving

the extra money. The identification problem is that we do not observe g0 and g1 for the same

municipality with population pi, in the same way that we do not observe w0 and w1 for the

same city with population pj .

We consider that transfers follow a continuous distribution based on the population, except

at the thresholds, and that potential expenditures g0 and g1 are continuous at p1, as w0 and

w1 are continuous at p2. Theoretical identification of treatment effect using RDD relies on

the distribution limits of dependent and independent variables at the thresholds (Imbens and

Lemieux, 2008). We define the Local Average Treatment Effect (LATE) of the city i’s FPM as

the effect of a marginal variation in i’s population near the thresholds on city i’s expenditures:

LATEi(p1) = lim
pi→p+1

E(Gi|Ti, Tj , pj)− lim
pi→p−1

E(Gi|Ti, Tj , pj) =

lim
pi→p+1

E(Gi|Ti = 1, Tj , pj)− lim
pi→p−1

E(Gi|Ti = 0, Tj , pj) =

g1(p1)− g0(p1) + (w1(pj)− w0(pj))[E(Tj |pi → p+1 , pj)− E(Tj |pi → p−1 , pj)] =
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g1(p1)− g0(p1) + (w1(pj)− w0(pj))[P (pj > p2|pi → p+1 )− P (pj > p2|pi → p−1 )]

The causal effect of the city i’s FPM grant on own expenditures, g1(pi) − g0(pi), can be

consistently identified without considering spillover effects if there is no correlation between

neighbor’s populations. The impact of FPMi on city i’s expenditures could be estimated by

regressing expenditures on FPM transfers in a vicinity of the cutoff p1. Nonetheless, the spillover

effect is nonzero if there is correlation between neighbor’s populations:

P (pj > p2|pi → p+1 ) 6= P (pj > p2|pi → p−1 )

In this case, not controlling for neighbor j’s FPM spillover biases the estimated treatment

impact. There are arguments that support this possibility. Neighbor’s populations are often

correlated, because local population growth estimates are highly influenced by regional conditions

(IBGE, 2008), as we explain in Section 4. Therefore, as we approximate the potential values

exactly at the thresholds for observations close to them, the possibility of population correlation

among neighbors should not be ignored. Estimates using fixed effects can also be biased because

of the same source of correlation between neighbors’ population growth.

The spillover identification problem is that we cannot estimate w1 e w2 for the same municipality

j. We explore the FPM law discontinuities and we consider neighbors j around the population

thresholds, in such a way that cities i and j are in different threshold windows. In the case of

non-zero spillover effects, we can identify the total effect of the cities i and j’s FPM grants on

i’s expenditures as:

LATEij(p1, p2) = lim
(pi,pj)→(p1,p2)+

E(Gi|Ti, Tj , pi, pj)− lim
(pi,pj)→(p1,p2)−

E(Gi|Ti, Tj , pi, pj)

= (g1(p1)− g0(p1)) + (w1(p2)− w0(p2)) (1)

We formalize the regressions to be estimated. Our objective is to estimate the LATE in

equation (3) given cities i and j’s population at different thresholds. The option adopted in

this paper for the RDD implementation follows Angrist and Lavy (1999), who also used a

Two-Stage Least Squares (2SLS) approach, but for only one endogenous variable. Indeed, RDD
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estimation can be consistently generated by 2SLS (Imbens and Lemieux, 2008; Angrist and

Lavy, 1999). The first stage consists of regressing cities i and j’s declared FPM per capita on

i and j’s theoretical FPM per capita, the calculated amount that should have been transferred

strictly under the law. In the second stage we estimate the impacts of i and j’s FPM per capita

predicted in the first stage on i’s budget expenditure. 2SLS estimates the average effect on the

population of compliers (Angrist, Imbens and Rubin, 1996), but as there are no deviations from

the rule, these estimates should capture the Intended to Treat Effect.

We present the basic regressions to be estimated. In the first stage, we calculate jointly the

vector of city i and neighbor j’s declared FPM as a function of the theoretical FPM’s:

FPMi = theoreticalFPMi × γi0 + lpscorei × γi1 + lpscore2i × γi2 + ζi

FPMj = theoreticalFPMj × γj0 + lpscorej × γj1 + lpscore2j × γj2 + ζj (2)

where FPM is the vector of cities i and j’s declared per capita FPM and theoreticalFPM is

the vector of cities i and j’s theoretical per capita FPM. g2(p) is the vector of i and j’s population

polynomials of order 2 and v is the error term due to declarations mistakes in FINBRA. The

second stage regression is:

Gi = α0 + τ1FPM
e
i + τ2FPM

e
j + α1g2(p) + ϑi (3)

where Gi is city i’s municipal budget expenditure and FPM∗ are the cities i and j’s FPM per

capita estimated in the first stage. τ is the vector of the coefficients of interest. ϑi is the city i’s

idiosyncratic error term, which we cluster by city i to control the variance of each city over time

(Wooldrigde, 2002). We also estimate regressions using the variable logarithms, except for the

population polynomials. Estimation using panel data to control for local fixed effects guarantees

the robustness of our results because, as we precisely demonstrate in Section 3, politicians can

not completely manipulate population growth over time1 .

The regression model that we present is a local linear regression, so that the results are valid

only for the municipalities located near the thresholds2. Nevertheless, we analyze the effects at

1This strategy is similar to Corbi et al (2014), that used a difference and difference approach and also claimed
that the capacity of manipulation is unprecise.

2We present maps for treatment and control cities of the southeast states, the most populated region in Brazil,
in Appendix D. The colored cities are in one of the RDD windows, and we consider city i and neighbor j with
different colors. We use 500 and 1,000 inhabitants windows around the thresholds for the years 2002 and 2011.
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different population thresholds - 10,188, 13,584, 16,980 and 23,772 inhabitants. This guarantees

a degree of external validity for the average effect estimation in municipalities with up to 30,000

inhabitants, which account for approximately 80% of Brazilian municipalities and nearly 25%

of the national population.

The fact that the treatment variable is not binary suggests the use of a fuzzy RDD, which

allows for the heterogeneity of treatment among the participants. The hypotheses of identification

are the same as those used in the sharp design that have been presented so far. The complete

discontinuity of the treatment variable is not strictly necessary for the RDD given that there

is some exogenous variation in the treatment caused by the instrument (Imbens and Lemieux,

2008).

3 Instrument validity

3.1 Forcing variable distribution

Many studies attest to abnormalities in the distribution of municipal population in the regions

of the FPM thresholds. Litschig (2012) shows evidence of manipulation since 1991, whereas

Monasterio (2013) notes the increase of distortions since 2007. Monasterio (2013) uses the

test described in McCrary (2008) for detecting forcing variable distribution discontinuities by

estimating local linear regressions, and he finds strong evidence for population manipulation

based on the FPM rule.

Additionally, the author uses a method for discriminating among municipalities that change

brackets because they are near the thresholds. The author uses a regression to estimate a

city’s population in relation to a polynomial of its ranking in the global population distribution.

Another specification is then estimated that adds dummies on this regression, indicating whether

the municipality is near one of the cutoffs. Analyzing the differences in the two distributions, the

author finds 180 municipalities that appear to have manipulated their populations to receive

additional transfers. We use 1,000-inhabitant windows to identify the cities near the cutoffs,

and we find almost 300 municipalities, in an universe of 4,000, that could be manipulating their

populations to be included in higher population brackets.

We make McCrary (2008) tests for each year, presented in Figures 14 and 15 of Appendix A,

in which we aggregate all thresholds and consider the percentage distance of each city from the

respective threshold. It seems that manipulation has increased due to the end of the Financial
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Reducer since 2008, specially in the years of population counting (2007) and census (2010). We

repeat McCrary’s tests (2008) without cities with positive Additional Gain during 2002-2007,

but there is still some discontinuity for the remaining municipalities.

Figure 1A shows the histogram of the local 2002 population on the left and the 2011

population on the right, using bandwidths of 1,000 inhabitants. We take 2002 and 2011 because

these are the first and last years that are used to construct the theoretical per capita FPM,

remembering that the current year’s FPM depends on the previous year’s estimated population.

There appear to be clear discontinuities in 2011, greater than those in 2002. Figure 1B, with the

population histogram with a 200-inhabitant bandwidth windows, presents more clear jumps in

the 2011 histogram that must be attributable to the FPM distribution rules. Again, this effect

is less clear in 2002.

Figure 1: Histograms of population: 1,000 (A), 200 (B) inhabitants windows

We conclude that the FPM population thresholds cause discontinuities in population

distribution. The manipulation and the discontinuity of the forcing variable are not themselves

problems that necessarily bias estimates given that this process is random (Van der Klaauw,

2002; Mccray, 2008; and Lee and Lemieux, 2010). We should verify if spending responses are

potentially the same for cities with very similar populations and that crossing the thresholds is

exogenous with respect to omitted variables, once we control for FPM and population.

Next, we focus in Figure 2A on the cities whose population coefficients changed between

2002 (left) and 2011 (right). Most of cities that changed population bracket during the period

was close to the thresholds in 2002. There is a concentration of cities shortly after the thresholds

in 2011, indicating that local municipalities that changed the population brackets maintained a
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low population growth during the period, as we analyze further in the next subsection.

Figure 2: Histograms of population: cities that cross (A) and do not cross (B) the thresholds
over 2002-2011

Figure 2B shows that cities that were far from the thresholds had much less probability of

changing population brackets. Cities that did not changed population coefficient was in general

distant from the thresholds in 2002 population histogram. This may represent a limitation on

the possibility of manipulating population, as population can not increase enough to all cities

obtain a higher coefficient. Cities seem to enter or leave a given estimation window marginally,

probably because population growth is a continuous function of population. For now on, we

verify the continuity of population growth estimates, which may ensure the randomness of

treatment status near the thresholds.

3.2 Local population growth estimates

The analysis presented so far shows that population growth beyond the thresholds leads to

sharp increases in FPM grants and that there are doubts about the extent to which politicians

can influence local populations. Estimates of RDD are still valid, even if there is partial

manipulation, given that this capacity is not complete (Lee and Lemieux, 2010). If manipulation

capacity is low and marginal, any type of treatment contamination will not be a problem if it

does not alter the mean potential outcomes of the treatment and control groups in vicinities of

the thresholds.

We can monitor how cities manipulate their populations analyzing the yearly population

growth released by the IBGE. Any influence is not a problem if population growth varies
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continuously throughout the population, which we would expect if mayors and politicians have

only limited influence on this variable. In this case, we expect that municipalities continually

enter or leave the regions near the cutoffs and so the potential outcomes would still be balanced.

Annual population growth as estimated by the IBGE is based on the methodology developed

by Madeira and Simões (1972). For each administrative unit u’s population, Pu(t), IBGE takes

data on the previous two population counts or census in the years t = t0 and t1, and also for

the population of a higher-level hierarchical unit, P (t), such that:

P (t) = ΣPu(t)

IBGE considers a linear equation relating the higher and lower units population:

Pu(t) = Ω1P (t) + Ω2 (4)

where P (t) denotes higher-level hierarchical unit. Solving the system using t = {t1, t2}

provides Ω1 and Ω2. Thus, for the period between 2002 and 2007, estimates for July of each

year are made as follows. First, state populations are updated considering the system with Pu(t)

as a state’s population in year t and P (t) as Brazil’s population in years t = {1990, 2000}. For

municipalities smaller than 100,000 inhabitants, as in our sample, municipalities are grouped

according to quartiles of cities with similar population growth and population.

The estimation of equation (4) holds for municipalities that had been created up to the

date of the last census, August 2000, considering the 1990 and 2000 censuses, quartiles as the

smaller units and the states as the larger. Next, city population in year t is calculated using

the projected population of the quartile in year t and the proportion of each municipality in the

quartile in August 2000. For municipalities that were created after 2000, we use the original city

projection in year t and we apply the proportion of created cities’ populations relative to the

original municipality in 2000. Similarly, the remaining population of dismembered municipalities

is estimated after withdrawing the estimated populations of created cities from original city

estimates. Estimates for the period 2008–2010 are performed considering the same method but

considering t = {2000, 2007}, and for the years 2011 and 2012, we considered t = {2007, 2010}3.

Some observations can be noted directly from equation (6). First, the population growth

3More information on the methods employed for local population estimation can be found in technical notes,
with periodic reviews of the methodology used by IBGE for population projections between 1980–2050: IBGE
(2004, 2008) and Oliveira et al (2004).
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estimates for neighboring municipalities are correlated because both are subject to the same

growth shocks in the upper unit. Second, the fact that population growth of superior geographical

units, such as country, state or quantile of cities, directly influences local population growth

shows that individual cities’ ability to influence own population growth, and, consequently, the

FPM population coefficient, is very limited, as cities can not influence superior units’ growth

path.

Figure 3A shows that local population growth follows an approximately normal distribution,

with mean close to 0.5%. Figure 3B shows the population growth histogram in the period that

cities change their population coefficients. We see that their growth is positive and near zero in

general, which leads to a buildup of cities just to the right of the thresholds.

Figure 3: Histogram of population growth: total (A) and when crossing the thresholds (B)

Figure 4A presents population growth estimated by local polynomial regression for the

periods during which municipalities did not change their population brackets. Municipalities

that did not change brackets but were near the thresholds had negative or near-zero population

growth. Cities that have grown more were in general far from the thresholds and did not change

population brackets during the period.

Figure 4B presents the local polynomial estimation of population growth in cities that had

changed population coefficients and in the exact periods that they made this transition. Most

municipalities move to a point just after the thresholds, as is clear with the increasing confidence

intervals with increasing populations within a bracket. Furthermore, the municipalities do not

have negative population growth when changing bands, on average, because in nearly all cases,

the cities moved to superior population brackets. At the same time, population growth is
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generally low it follows the national pattern and because there are strong limitations to a city

influence this process, or even because mayors wanted to maintain low population growth in the

beginning of brackets to maximize the per capita FPM grant.

Figure 4: Polynomial regression of population growth by population size - periods in which
municipalities do not cross to a superior bracket (A) and cross to a superior bracket (B)

Note: Estimated by local polynomial regression. 95% confidence interval.

Figure 5 shows the estimates of local polynomial regressions of population growth by

population size, and there are no clear discontinuities for the municipalities of up to 30,000

inhabitants in the period considered. In this case, nothing indicates that there is an effect of the

FPM thresholds on the growth of cities taken together, although there is a continuous positive

trend. The explanation for the population growth continuity at the thresholds is that local

populations are estimated from the previous population counts, accounting for both the state

and country growth rates (IBGE, 2008).

Indeed, Figure 6 shows no evidence of discontinuity in population growth distribution due

to the FPM population rule. We estimate separately local linear regressions in windows of

500 inhabitants to the right and to the left of each threshold. The effect of the thresholds on

population growth is insignificant for all thresholds, particularly when we compare to the effect

of population on the FPM per capita, as shown in Figure 2.

We explore continuous population growth using a panel of cities between 2002 and 2012.

The regressions with fixed effects estimate the effect of FPM as a function of population growth,

which we consider to be a continuous and random process near the thresholds that ensures

the causality identification. Regressions with instrumental variables and fixed effects eliminate

biases of variables that are invariant on time (Wooldrigde, 2002), as the historical pattern of
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Figure 5: Population growth in cities with up to 30,000 inhabitants

Note: Estimated by local polynomial regression. 95% confidence interval.

local population distribution.

3.3 Neighbors’ balancing in the treatment and control groups

We analyze the balancing of neighbors j due to i’s treatment according to some variables that we

expect initially to be exogenous to our experiment, as the number of neighbors and the neighbor’s

population. Also, we want to assess the extent of correlation between city i and neighbor j’s

FPM. Figure 7 shows the number of neighbors j of cities i that are near the thresholds. This

is important because in our regressions we measure the mean effect of neighbors’ FPM on city

i’s spending, which is correlated with number of neighbors. There seems to be no substantial

impact of the FPM thresholds on the number of neighbors.

Figure 8 shows that for the first two thresholds, local population is not affected, on average,

based on whether neighbors are in treatment or control areas, but cities near thresholds 3 and 4

are even larger for the case that neighbors are to the right of the cutoffs. These results suggest

spillover effects of FPM on neighbor populations, possibly due to the local economic development

and the attraction of migrants. This effect may imply a fiscal spillover effect because it may

lead to a per capita reduction in the neighbor’s budget revenue.

Figures 13 shows that there is a little variation in city i’s FPM grants based on neighbor j’s

population bracket variations. We see some correlation between instruments received by i and

j, much lower than the impact of the coefficient variation in own FPM in Figure 2. The greater

effect appears to occur when j is near threshold 3. This correlation must be due to population
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Figure 6: Population growth in cities near the thresholds

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

growth correlation between neighbors, as this is the variable that accounts for the most of the

FPM variation in the estimation windows. We control for cities i and j’s populations, as the

per capita FPM received by both cities, in order to avoid the bias caused by the FPM grants

spillover effects.

4 Results

4.1 FPM impacts in municipalities with less than 30,000 inhabitants

We estimate the impact of cities i and j’s per capita FPM on city i’s budget expenditures. We

primarily use all municipalities with less than 30,000 inhabitants in regressions using Ordinary

Least Squares (OLS), Fixed Effects (FE), and Instrumental Variables with Fixed Effects (FE-IV),

the latter considering theoretical FPM as an instrument in the first stage. These results are

shown in Table 4, which is separated by three specifications for different independent variables

and displaced from the top to the bottom: (1) using only FPMi, (2) using only FPMj and (3)

using both FPMi and FPMj .

Specification (1) of Table 1 considers the effect of city i’s per capita FPM on i’s per capita

spending, and shows that the FPM generates a more than proportional impact (1.76) on

the municipality’s budget expenditure. Spending on education, health, urban planning and

sanitation is positive and statistically impacted, with greater effects on education and health
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Figure 7: Number of neighbors in cities near the thresholds

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

spending. We also observed that OLS effects are the smallest and that EF estimates are greater

than FE-IV estimates, with the exception of the sanitation expenditures. We also observe that

the own effect of FPM on total (1.95), health (0.54) and education (0.47) expenditures are a

bit larger than found in the literature for Brazil (Litshig and Morrison, 2013, Brollo et al, 2013

and Arvate et al, 2013) and US (Knight, 2002 and Gordon, 2004). All papers do not reject full

crowd-in hypothesis of transfers (coefficient is not different than to 1).

Specification (2) of Table 1 shows the results of neighbor j’s per capita FPM spillover effect

on city i’s per capita expenditures, and these are considerably lower than the own FPM impacts

that were presented in specification (1). An exogenous R$1 increase in FPM received by j

increases i’s total spending by 50 cents using OLS regressions and approximately R$1.62 using

FE-IV. Spending on health and education, the major expenditure categories, increases by 13 and

11 cents, respectively, using OLS regressions. Considering the FE-IV estimation, the impacts

are 45 and 42 cents, respectively. All results are significant at the 1% level.

We present in specification (3) of Table 1 the results of regressions in which we use both

FPMi and FPMj as independent variables at the same time. Both variables are significant

at 1% in most regressions, but the values are lower than those that were estimated using the

variables separately. More importantly, close to 20% of the estimated effect of own FMP on

total expenditures and health is captured by neighbor’s counterpart effect (from 1.95 to 1.59

and from 0.54 to 0.44 respectively). That reduction is close to 30% for education (from 0.47 to

0.32) and urbanization (from 0.17 to 0.12) expenditures. No reduction of FPMi on sanitation’s
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Figure 8: Neighbor’s population in cities near the thresholds

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.

expenditures is found. In addition, spillover estimates also decreases. The effect on budget

expenditure using FE-IV estimates are 45 cents lower, less than one-third of the estimates from

specification (2). Note that although the additional explanation of the variable FPMj is very

low, R2 = 0.04 of i’s expenditures, its inclusion affects the size of FPMi on its expenditure which

reinforces the necessity to explore the discontinuity rule of transfers to properly disentangle own

and neighbors’ transfers effect on local public expenditures.
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Figure 9: Neighbor’s FPM in cities near the thresholds

Note: Calonico, Cattaneo and Titiunik’s (2014b) fourth order polynomial estimator. Each dot
represents the dependent variable sample average in a given bin.
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Table 1: Own and neighbor FPM impacts on local spending using all the data

spending health education urbanism sanitation

level OLS FE FE IV OLS FE FE IV OLS FE FE IV OLS FE FE IV OLS FE FE IV
variables

(1) own FPM
FPMi 1.76*** 2.45*** 1.95*** 0.39*** 0.56*** 0.54*** 0.44*** 0.72*** 0.47*** 0.14*** 0.20*** 0.17*** 0.01*** 0.01*** 0.03***

(0.004) (0.004) (0.01) (0.001) (0.001) (0.002) (0.001) (0.001) (0.003) (0.001) (0.001) (0.002) (0.004) (0.001) (0.002)
R2 0.6 0.57 0.39 0.16 0.01

(2) neighbor FPM
FPMj 0.50*** 0.86*** 1.62*** 0.13*** 0.22*** 0.45*** 0.11*** 0.22*** 0.42*** 0.05*** 0.09*** 0.16*** 0.002*** 0.01*** 0.02***

(0.01) (0.01) (0.02) (0.001) (0.002) (0.004) (0.002) (0.002) (0.01) (0.001) (0.001) (0.002) (0.0004) (0.001) (0.002)
R2 0.04 0.05 0.02 0.02 0.001

(3) both
FPMi 1.74*** 2.48*** 1.59*** 0.38*** 0.56*** 0.44*** 0.43*** 0.75*** 0.32*** 0.14*** 0.19*** 0.12*** 0.01*** 0.01*** 0.03***

(0.004) (0.004) (0.02) (0.001) (0.001) (0.005) (0.001) (0.002) (0.01) (0.001) (0.001) (0.004) (0.0004) (0.001) (0.003)
FPMj 0.09*** -0.10*** 0.45*** 0.04*** 0.001 0.13*** 0.01*** -0.07*** 0.18*** 0.02*** 0.01*** 0.07*** 0.0003 0.01*** 0.003

(0.004) (0.004) (0.02) (0.001) (0.001) (0.005) (0.001) (0.002) (0.01) (0.001) (0.001) (0.004) (0.0004) (0.001) (0.003)
R2 0.6 0.57 0.39 0.17 0.01

obs 210872 210872 210872 210872 210872 210872 210872 210872 210872 210872 210872 210872 151822 151822 151822

Notes: *** p<0.01, ** p<0.05, * p<0.1. Variables in level (R$ per capita). Standard errors are clustered at the city i level and showed in parenthesis. We consider the data

for the years 2002-2012 and we control for fixed effects. We consider all municipalities and neighboring cities with up to 30,000 inhabitants. Covariates omitted. We consider

a regression just i’s FPM (1), neighbors j’s FPM (2) and own and neighbors’ FPM (3). The outcomes are the city i’s local spending, classified by the function in the public

administration: total budget spending, health, education, urbanism and sanitation. We make Ordinary Least Square (OLS) regressions with the declared FPM as independent

variable, Fixed Effect (FE) regressions and Fixed Effect with Instrumental Variable (FE-IV) regressions, as in equation (3).
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4.2 Impacts of FPM using the discontinuity rule

Next, we estimate the effect of FPMi and FPMj on city i’s expenditures using RDD regressions.

We consider for the following in this section cities i with neighbors j in 500 inhabitants windows

around different FPM population thresholds, even in the regressions that we control for only

one FPM. We make specifications controlling for city i at a threshold and the neighbor j at any

of the others, or conversely. We use 2SLS in Fixed Effects (FE-IV), including theoretical FPM

as instruments for i and j’s declared FPM grants.

Table 2 shows the effects of FPMi and FPMj , estimated separately and together, on city

i’s budget expenditures. The first 4 columns show the results for the variables by level, and

the last 4 columns present elasticities estimated by regressions with the variables transformed

into logarithms, with the exception of population and its quadratic term. In each column, we

control for population i in each of the four discontinuity windows at the top, and analogously

for population j at the bottom. Controlling only for FPMi, the effect of R$1 extra FPM on

spending is significantly higher than R$1, R$1.81 at the first threshold and R$3.25 at the last.

A municipality’s own FPM effects are reduced when we add neighbor j’s FPM. The largest

reductions occur at the first threshold, with the effect reduced to R$1.13 (40% reduction); the

reductions at thresholds 2 and 3 are smaller, and the estimates at threshold 4 becomes now

insignificant. The pattern is similar when we use logarithms of variables. The maximum own

FPM grant’s estimated elasticity is 1.14 at threshold 2. Effects are reduced with the addition

of neighbors’ FPM grants; in particular, the effect at threshold 1 decreases from 0.88 to 0.57.

At the same time, the spillover effect of FPMj is only significant and positive when city i is at

threshold 1, and so j’s population is greater than i’s.

We present at the bottom of Table 2 spillover estimates in which we control for neighbors j

near each of the thresholds. The coefficient of FPMj , the spillover effect of the grant, without

controlling for FPMi, is in general similar to the estimated effect of FPMi alone in the first

part of the table, possibly due to the correlation of FPM between cities i and j. These effects

are R$1.66 when neighbor j is near the first threshold, R$2.75 and R$2.28 at thresholds 2 and 3,

and R$3.19 when neighbor j is at the last threshold. Controlling for FPMi reduces the FPMj

spillover effect (average of reduction 40%), which is no longer significant at 10% at thresholds

1 and 4. Additionally, the FPMi impacts are larger when city i is at one of these thresholds.

FPMj elasticity, without controlling for log FPMi, on expenditures per capita is 0.79 at the

first threshold, whereas at the other thresholds, the values are statistically very close to 1. There
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is again a reduction in magnitude and significance of FPMj effects with the addition of the log

FPMi. The spillover effect remains only in the intermediate tracks, and both FPMi and FPMj

are insignificant when j is at threshold 4.

Table 2: RDD estimates of FPM impacts on total expenditures

level ln
variables variables

i’s threshold (A) (1) (2) (3) (4) (1) (2) (3) (4)

own FPM
FPMi 1.81*** 2.54*** 2.78*** 3.25*** 0.88*** 1.14*** 1.09*** 1.06***

(0.12) (0.18) (0.25) (0.33) (0.05) (0.06) (0.06) (0.08)
obs 739 665 612 338 661 587 549 298

own and neighbor FPM
FPMi 1.13*** 2.07*** 2.49*** 1.44 0.57*** 0.84*** 0.93*** 0.48

(0.21) (0.43) (0.46) (1.51) (0.11) (0.23) (0.16) (0.84)
FPMj 1.04*** 0.44 0.33 1.64 0.40*** 0.3 0.16 0.59

(0.29) (0.37) (0.38) (1.2) (0.12) (0.21) (0.14) (0.84)
obs 739 665 612 338 657 575 543 295

j’s threshold (B) (1) (2) (3) (4) (1) (2) (3) (4)

neighbor FPM
FPMj 1.66*** 2.75*** 2.28*** 3.19*** 0.79*** 1.04*** 1.00*** 1.04***

(0.13) (0.24) (0.23) (0.3) (0.05) (0.07) (0.07) (0.09)
obs 739 664 613 338 661 586 550 298

own and neighbor FPM
FPMi 2.19*** 1.07** 0.81*** 2.25** 0.88*** 0.57*** 0.48*** 1.14

(0.32) (0.47) (0.3) (0.97) (0.13) (0.2) (0.13) (0.85)
FPMj 0.28 1.66*** 1.60*** 0.74 0.16 0.47** 0.60*** 0.01

(0.23) (0.55) (0.36) (1.22) (0.12) (0.22) (0.15) (0.85)
obs 739 664 613 338 657 574 544 295

Notes: *** p<0.01, ** p<0.05, * p<0.1. Our sample are municipalities with 500 inhabitants of difference for

each of the four population thresholds considered. The outcome of interest is city i’s total budget expenditures.

Variables in level (R$ per capita) on the left and in logarithm (elasticities) on the right. Standard errors are

clustered at the city i level and showed in parenthesis. We consider the data for the years 2002-2012. We estimate

2SLS regressions controlling for Fixed Effect and using the theoretical FPM as Instrumental Variable (FE-IV), as

in equations (2) and (3). Covariates omitted. We control for municipalities i’s thresholds, (1) to (4), at the upper

part of the table (A), and we make regressions using only i’s FPM and also adding j’s FPM, with neighbors j’s

population close to one of the other three different thresholds. At the bottom (B), we control for neighbors j near

one of the four thresholds (1) to (4), and we add at the second specification the i’s FPM, with i’s population near

one of the other three thresholds.

In Table 3, we repeat our strategy replacing total budget spending with health spending

as the dependent variable. The effects of a municipality’s own FPM grant, without controlling

for FPMj , are positive and significant. The estimated impacts show an increasing effect from

the first to the third population thresholds, ranging from R$0.55 to R$0.78 (cols 1 -3). The

effects estimated with FPMj as the control are lower for the first two thresholds, especially at
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threshold 1, and are insignificant for the municipalities at threshold 4, ranging from R$0.29 to

R$1.02 (a decrease of almost 50% for threshold 1 and an increase of 30% in threshold 3).

The effects with log variables without controlling for FPMj are generally close to 1 except

for the third threshold, where the estimated impact is 2.16. By controlling for FPMj , the

estimated effects of a municipality’s own FPM grant are insignificant at the second and fourth

thresholds and close to 1 at threshold 1, but the estimation at threshold 3 shows a significant

effect of 4.07. The main change in the previously observed trends is a negative FPMj spillover

effect of 2.28 on health spending when i is at threshold (3), that is, municipalities would spend

more on health if there were no FPM spillover effect from neighbors. In this case, j usually has

a lower population than i, according to population distribution in Section 4, which shows that

city i spends less on health when their neighbors are smaller and receive larger FPM grants.

Table 3 also presents estimates of j’s FPM spillover effects on city i’s health spending,

controlling for the neighbor j’s threshold, first without controlling for the FPM received by i.

The estimates are small, ranging from R$0.45 to R$0.81 for level regressions, statistically lower

than R$1. Adding FPMi, the spillover effect is estimated as R$0.53 at threshold 3, whereas

becomes insignificant at the others. The impact of FPMi is significant only when j is near the

first or second thresholds, when i’s population is usually larger than j’s. Regressions with log

variables show that the spillover effect on health spending, without controlling for FPMi, is

statistically equal to 1%, except at the first threshold, where the effect is 0.7%. Controlling for

FPMi, the elasticities of FPMj when j is near the first or second population thresholds are

-0.72 and -2.59, respectively, and elasticity is positive on the third threshold, 0.75. These results,

significant at 1%, confirm that the estimated j’s FPM spillover effect on i’s health spending is

negative when neighbor j is smaller (in average) than i (positive otherwise). In this situation,

neighbor j’s population benefits more from city i’s spending on health than the opposite, so an

increase in neighbor j’s health spending may decrease total demand for health services in city i.

The impacts of FPM grants on education spending are shown in Table 4. The first part

shows that the impact of a municipality’s own FPM grant, without controlling for neighbors’

grants, increases with the municipality’s own population from R$0.53 to R$0.98 for each R$1

per capita transferred from thresholds 1 to 4 close to estimates in Arvate et al (2013). The level

effects range from R$0.37 to R$0.83 between the first and third thresholds when we add FPMj ,

and spillover effects are not significant at 5% but controlling for FPMj reduces the own FPM

effect on average in 30%. The estimated elasticities are statistically close to 1, except at the
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Table 3: RDD estimates of FPM impacts on health spending

level ln
variables variables

i’s threshold (A) (1) (2) (3) (4) (1) (2) (3) (4)

own FPM
FPMi 0.55*** 0.71*** 0.78*** 0.70*** 0.96*** 1.20*** 2.16*** 1.13***

(0.04) (0.08) (0.08) (0.09) (0.08) (0.10) (0.16) (0.11)
obs 739 665 612 338 658 578 542 296

own and neighbor FPM (B)
FPMi 0.29*** 0.43** 1.02*** 0.13 0.76*** 0.55 4.07*** 0.95

(0.08) (0.18) (0.19) (0.4) (0.19) (0.38) (0.63) (1.08)
FPMj 0.40*** 0.26* -0.23 0.52 0.25 0.65* -2.28*** 0.24

(0.11) (0.15) (0.16) (0.32) (0.22) (0.34) (0.57) (1.09)
obs 739 665 612 338 654 566 536 293

j’s threshold (1) (2) (3) (4) (1) (2) (3) (4)

neighbor FPM
FPMj 0.45*** 0.68*** 0.62*** 0.81*** 0.70*** 1.07*** 1.10*** 1.01***

(0.04) (0.06) (0.07) (0.13) (0.08) (0.12) (0.11) (0.13)
obs 739 664 613 338 653 583 546 292

own and neighbor FPM
FPMi 0.74*** 0.61*** 0.15 0.73 1.98*** 3.66*** 0.45* 2.26

(0.13) (0.16) (0.11) (0.45) (0.28) (0.77) (0.26) (1.93)
FPMj -0.01 0.09 0.53*** 0.08 -0.72*** -2.52*** 0.75*** -1.11

(0.09) (0.18) (0.13) (0.57) (0.24) (0.85) (0.29) (1.94)
obs 739 664 613 338 649 571 540 289

Notes: *** p<0.01, ** p<0.05, * p<0.1. Our sample are municipalities with 500 inhabitants of difference for each

of the four population thresholds considered. The outcome of interest is city i’s health expenditures. Variables

in level (R$ per capita) on the left and in logarithm (elasticities) on the right. Standard errors are clustered

at the city i level and showed in parenthesis. We consider the data for the years 2002-2012. We estimate 2SLS

regressions controlling for Fixed Effect and using the theoretical FPM as Instrumental Variable (FE-IV), as in

equations (2) and (3). Covariates omitted. We control for municipalities i’s thresholds, (1) to (4), at the upper

part of the table (A), and we make regressions using only i’s FPM and also adding j’s FPM, with neighbors j’s

population close to one of the other three different thresholds. At the bottom (B), we control for neighbors j near

one of the four thresholds (1) to (4), and we add at the second specification the i’s FPM, with i’s population near

one of the other three thresholds.
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first threshold, 0.76. Again, the impacts increase with population and reach 1.23 at threshold 4.

The elasticities of FPMi when we add the log FPMj do not change statistically at thresholds 2

and 3, but they become insignificant at threshold 4 and less than 1 at the first threshold, 0.44.

The spillover effect is 0.43 when city i is at the first threshold and j is larger, value significant

at 5%.

The lower part shows the regression results in which we control population j in each of the

four RDD estimation windows. The level spillover effect, without controlling for i’s FPM, is

R$0.57 for the smallest population group and R$1.02 for the largest group. The spillover effects,

when we add city i’s FPM, remain significant only at the second and third thresholds, R$0.61

and R$0.46 (comparable to own FPM effect, 0.73 and 0.83). The spillover elasticities, without

controlling for FPMi, on education spending are statistically close to 1. When we add the log

of city i’s FPM grant, the spillover estimates become insignificant at the 5% confidence level.

The estimated effects of FPM on urbanization spending are in Table 5. The effects by level

are lower than those estimated for education and health spending and very lower than R$1, but

are still significant at 1%, ranging from R$0.15 to R$0.56 when we do not control for neighbors’

FPM. The effects of a municipality’s own FPM are reduced when we include neighbors’ FPM

grants and become insignificant at the second and fourth thresholds. The effects are only

significant at 1% for municipalities at threshold 3, estimated effect of R$0.35 versus R$0.38

withouth that control.

The FPMi elasticity in urban spending, without controlling for FPMj , is greater than 1 for

municipalities on the third and fourth RDD windows, with values of 1.74 and 1.88, and close to

1 when i is in the first or second estimation windows. By adding the log of FPMj , the elasticity

of FPMi is 2.62 at threshold 3, significant at 1%, 1.42 at threshold 1, significant at 5%, while

insignificant at 10% at the other thresholds. The effect of the log FPMj is only significant at

10% when i is at threshold 3, -1.26.

The bottom part of Table 5 shows the results after controlling for population j in each of the

four RDD estimation windows. The results are generally positive and significant at 1% when

we do not control for FPMi, ranging from R$0.23 to R$0.42. By adding FPMi, most of the

estimated effects of FPMj lose significance at 5%, except when neighbors j are in estimation

window 3, R$0.22. The estimated elasticities follows the same trend of regressions using level

variables. The effects of FPMj without controlling for FPMi are positive and statistically

close to 1, except for threshold 4, which value is 1.96. Adding FPMi removes the significance
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Table 4: RDD estimates of FPM impacts on education spending

level ln
variables variables

i’s threshold (A) (1) (2) (3) (4) (1) (2) (3) (4)

own FPM
FPMi 0.53*** 0.94*** 0.95*** 0.98*** 0.76*** 1.19*** 1.14*** 1.23***

(0.05) (0.1) (0.09) (0.1) (0.06) (0.09) (0.07) (0.11)
obs 739 665 612 338 660 580 546 298

own and neighbor FPM
FPMi 0.37*** 0.73*** 0.83*** 0.34 0.44*** 1.09*** 1.02*** 1.45

(0.1) (0.25) (0.16) (0.46) (0.16) (0.32) (0.19) (1.07)
FPMj 0.24* 0.2 0.14 0.57 0.43** 0.08 0.14 -0.22

(0.14) (0.21) (0.14) (0.37) (0.18) (0.29) (0.17) (1.08)
obs 739 665 612 338 656 568 540 295

j’s threshold (B) (1) (2) (3) (4) (1) (2) (3) (4)

neighbor FPM
FPMj 0.57*** 0.87*** 0.74*** 1.02*** 0.91*** 0.98*** 0.87*** 1.02***

(0.05) (0.1) (0.1) (0.14) (0.07) (0.09) (0.08) (0.12)
obs 739 664 613 338 658 584 547 295

own and neighbor FPM
FPMi 0.69*** 0.23 0.34** 0.57 1.00*** 0.77*** 0.59*** -0.02

(0.13) (0.19) (0.14) (0.41) (0.17) (0.29) (0.18) (1.27)
FPMj 0.13 0.61*** 0.46*** 0.51 0.18 0.2 0.36* 1.11

(0.09) (0.22) (0.17) (0.52) (0.15) (0.32) (0.21) (1.27)
obs 739 664 613 338 654 572 541 292

Notes: *** p<0.01, ** p<0.05, * p<0.1. Our sample are municipalities with 500 inhabitants of difference for each

of the four population thresholds considered. The outcome of interest is city i’s education expenditures. Variables

in level (R$ per capita) on the left and in logarithm (elasticities) on the right. Standard errors are clustered

at the city i level and showed in parenthesis. We consider the data for the years 2002-2012. We estimate 2SLS

regressions controlling for Fixed Effect and using the theoretical FPM as Instrumental Variable (FE-IV), as in

equations (2) and (3). Covariates omitted. We control for municipalities i’s thresholds, (1) to (4), at the upper

part of the table (A), and we make regressions using only i’s FPM and also adding j’s FPM, with neighbors j’s

population close to one of the other three different thresholds. At the bottom (B), we control for neighbors j near

one of the four thresholds (1) to (4), and we add at the second specification the i’s FPM, with i’s population near

one of the other three thresholds.
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4.2 Impacts of FPM using the discontinuity rule 4 RESULTS

of FPMj at all the thresholds, whereas the effect of FPMi is significant at 5% when j is in

the first or second windows, increasing urban spending by 1.67 and 1.85 respectively. We can

conclude that neighbors’ FPM effect is not precisely estimated for urbanism spending.

Table 5: RDD estimates of FPM impacts on urbanism spending

level ln
variables variables

i’s threshold (A) (1) (2) (3) (4) (1) (2) (3) (4)

own FPM
FPMi 0.23*** 0.15** 0.38*** 0.56*** 1.56*** 1.34*** 1.74*** 1.88***

(0.03) (0.06) (0.06) (0.12) (0.24) (0.28) (0.31) (0.31)
obs 739 665 612 338 645 571 542 293

own and neighbor FPM
FPMi 0.13** -0.09 0.35*** 0.66 1.42** -0.12 2.62*** 3.24

(0.06) (0.16) (0.11) (0.54) (0.64) (1.09) (0.85) (3.36)
FPMj 0.14 0.24* 0.01 -0.05 0.1 1.47 -1.26* -1.48

(0.09) (0.14) (0.09) (0.43) (0.73) (1) (0.75) (3.34)
obs 739 665 612 338 641 559 536 290

j’s threshold (B) (1) (2) (3) (4) (1) (2) (3) (4)

neighbor FPM
FPMj 0.23*** 0.35*** 0.25*** 0.42*** 0.87*** 1.22*** 1.67*** 1.96***

(0.04) (0.07) (0.05) (0.09) (0.22) (0.24) (0.34) (0.43)
obs 739 664 613 338 650 577 534 289

own and neighbor FPM
FPMi 0.21** 0.23 0.02 0.2 1.67*** 1.85** 0.84 5.05

(0.11) (0.15) (0.09) (0.28) (0.64) (0.83) (0.83) (5.91)
FPMj 0.08 0.13 0.22** 0.21 -0.4 -0.58 1.03 -2.91

(0.07) (0.17) (0.1) (0.35) (0.56) (0.91) (0.95) (5.94)
obs 739 664 613 338 646 566 528 286

Notes: *** p<0.01, ** p<0.05, * p<0.1. Our sample are municipalities with 500 inhabitants of difference for each

of the four population thresholds considered. The outcome of interest is city i’s urbanism expenditures. Variables

in level (R$ per capita) on the left and in logarithm (elasticities) on the right. Standard errors are clustered

at the city i level and showed in parenthesis. We consider the data for the years 2002-2012. We estimate 2SLS

regressions controlling for Fixed Effect and using the theoretical FPM as Instrumental Variable (FE-IV), as in

equations (2) and (3). Covariates omitted. We control for municipalities i’s thresholds, (1) to (4), at the upper

part of the table (A), and we make regressions using only i’s FPM and also adding j’s FPM, with neighbors j’s

population close to one of the other three different thresholds. At the bottom (B), we control for neighbors j near

one of the four thresholds (1) to (4), and we add at the second specification the i’s FPM, with i’s population near

one of the other three thresholds.

Finally, Table 6 shows the results for spending on basic sanitation. The estimated effects

for a municipality’s own FPM, using level variables and without considering neighbors’ FPM

grants, are insignificant at 5% at thresholds 1 and 2 and significant at this value at thresholds

3 and 4, although the effects are very small, R$0.08 and R$0.07 respectively. The level effect

of FPMi when we control for FPMj only remains significant at 5% when i is at threshold 3,
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5 EXTRA ROBUSTNESS CHECKS

R$0.23, as well as FPMj spillover impact, -R$0.15. The effect of log FPMi without controlling

for log FPMj is only significant at 5% at threshold 3, 4.38, which increases to 16.12 when we

control for FPMj . At the same time, there is a strong negative spillover at this threshold, -9.59.

The elasticities of FPMi and FPMj are insignificant at 1% in the other groups.

The effect of neighbor j’s FPM grants, without controlling for city i’s FPM grant, on

sanitation spending are only significant at threshold 3, R$0.12 for the level regression and 6.91%

for log estimates. Spillover effects on sanitation are more significant when we include i’s FPM.

In this case, the level effect is significant at 5% when j is close to threshold 1, - R$0.12, and in

the log estimation, -5.96%. At the same time, the values are positive and significant at 5% for

municipalities at threshold 3, R$0.21 for level variables and 13.79% for log variables.

These results show a substitution effect between neighbors’ FPM grants and spending on

sanitation, similarly to health expenditures. Sanitation is very deficient in Brazilian small cities,

which is one of the most important causes of diseases and demanding public health system. The

substitution effect of FPMj is greater when j is in the first estimation window, that is, when

j is smaller than i. Increasing sanitation spending in neighbor j, when j is smaller than i, may

decrease demand for i’s health services and even decrease i’s health spending. Moreover, the

decrease on health services demand may lead to a decrease on public sanitation investment.

5 Extra robustness checks

We conduct additional tests to assess the robustness of our results to different specifications.

Table 1 of Appendix A presents RDD estimations excluding the years in which there are

population discontinuities, based on the McCrary (2008) tests in Figures 14 and 15. We take

logarithms of the variables, with the exception of population, and we exclude the years 2008,

2011 and 2012, remembering that a given year’s population is used to estimate the following

year’s FPM. The left-hand table shows the results without controlling for neighbor j’s FPM

and an elasticity on expenditures usually slightly above the previously calculated - especially for

cities near the first threshold.

Controlling for FPMj on the right side, a municipality’s own FPM effects are typically

reduced (close to 30%), and neighbor spillover is insignificant in nearly all cases; the exception

is the negative FPM spillover on health spending at threshold 3, for which there is a reduction of

4.02% for each 1% increase in neighbor FPM. Two factors explain the general loss of significance:
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Table 6: RDD estimates of FPM impacts on basic sanitation spending

level ln
variables variables

i’s threshold (A) (1) (2) (3) (4) (1) (2) (3) (4)

own FPM
FPMi 0.01 0.08 0.08** 0.07** 0.67 2.61* 4.38** -0.08

(0.02) (0.05) (0.03) (0.03) (0.87) (1.44) (1.75) (1.12)
obs 540 477 458 247 367 313 275 174

own and neighbor FPM
FPMi 0.01 -0.04 0.23** 0.07 -1.08 -5.66 16.12*** 0.62

(0.04) (0.12) (0.09) (0.12) (2.03) (6.95) (5.43) (4.38)
FPMj -0.01 0.15 -0.15** -0.001 2.35 9.58 -9.59*** -1.08

(0.06) (0.12) (0.06) (0.09) (2.55) (6.81) (3.32) (4.88)
obs 540 477 458 247 366 305 272 173

j’s threshold (B) (1) (2) (3) (4) (1) (2) (3) (4)

neighbor FPM
FPMj 0.01 0.02 0.12*** -0.01 -0.36 1.78 6.91*** -1.88

(0.03) (0.04) (0.04) (0.04) (0.91) (1.1) (2.35) (1.67)
obs 540 477 458 247 364 306 309 153

own and neighbor FPM
FPMi 0.24*** 0.02 -0.08 0.12 9.38*** -0.43 -5.49 26.34

(0.09) (0.08) (0.05) (0.13) (2.85) (3.21) (3.71) (20.99)
FPMj -0.12** 0.001 0.21** -0.14 -5.96*** 2.05 13.79** -23.68

(0.06) (0.08) (0.09) (0.16) (2.07) (3.48) (6.56) (17.9)
obs 540 477 458 247 361 298 305 152

Notes: *** p<0.01, ** p<0.05, * p<0.1. Our sample are municipalities with 500 inhabitants of difference for each

of the four population thresholds considered. The outcome of interest is city i’s sanitation expenditures. Variables

in level (R$ per capita) on the left and in logarithm (elasticities) on the right. Standard errors are clustered at

the city i level and showed in parenthesis. We consider the data for the years 2002-2012. We estimate 2SLS

regressions controlling for Fixed Effect and using the theoretical FPM as Instrumental Variable (FE-IV), as in

equations (2) and (3). Covariates omitted. We control for municipalities i’s thresholds, (1) to (4), at the upper

part of the table (A), and we make regressions using only i’s FPM and also adding j’s FPM, with neighbors j’s

population close to one of the other three different thresholds. At the bottom (B), we control for neighbors j near

one of the four thresholds (1) to (4), and we add at the second specification the i’s FPM, with i’s population near

one of the other three thresholds.
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5 EXTRA ROBUSTNESS CHECKS

first, a reduction of nearly one-third of the sample size, and second, the reduction on treatment

status variation, which reduces the sensitivity of the fixed-effects estimator. Discontinuities in

population distribution are attributable to the population count in 2007 and the population

census in 2010. In this years, the parameters that are used to estimate population growth in the

inter census years changed. The exclusion of these years implies excluding most of the exogenous

FPM variation that is not correlated through time and between cities i and j.

We present in Table 2 and 3 of Appendix A the estimates using the periods 2002-2007 and

2008-2012, respectively. Generally, there is a loss of significance in most of the regressions,

comparing to the results using all period data. The advantage of using the data from the inter

census period is that politicians can not manipulate the local population during these years,

directly or indirectly. On the other hand, the change in populations estimation parameters

occurs only in the population census years, which can be most of the exogenous variation across

the years. Also, if the mayors predict that cities will have their coefficient changed due to

the large population growth between the two previous censuses, they can even advance the

expenditure, which may underestimate the FPM impacts if we use only the years between the

census.

Appendix B presents the RDD regressions in which we consider alternative population

windows around the thresholds to estimate the effect of i’s FPM on i’s spending, with the

dependent variables and the theoretical and declared FPM transformed into logarithms. Table

4 shows the results for windows with 1,000 inhabitants to the right and to the left of the

thresholds. The effects remain statistically significant, with values similar to those found using

a 500-inhabitant window, although the sample size increases. Table 5 shows the results with

a window of 250 inhabitants. The effects are generally smaller and less significant than those

found previously. We expect that the impact of exogenous FPM variation is best captured the

closer municipalities are to the thresholds. In contrast, a smaller estimation window implies a

smaller sample and possibly a higher correlation in population growth between municipalities,

due to competition to change population bracket.

We present in Table 6 of Appendix C the results when we control for neighbor j’s spending

(although endogenous), considering the variables in logarithms, in which that we do (the right

side) or do not (the left side) control for neighbor j’s FPM. The effects of a municipality’s

own FPM are generally statistically smaller than those that were previously estimated in both

specifications. The effect is nearly always less than 1% for each 1% additional FPM per
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capita received. This result indicates that budget expenditure spillover accounts for part of

a municipality’s own FPM impacts. Spillover effects of neighbor j’s FPM grants on city i’s

expenditures decrease, as observed on the right side of the table, which is explained by the

high correlation between FPM and per capita spending. FPMj spillover effects on health and

sanitation spending are still negative and significant at 1% when city i is close to the third

threshold.

6 Conclusions

To what extent the impacts of an unconditional grant to a municipality i will be affected if i’s

neighbors also receive the transfer? We estimate the effects of a federal grant, the FPM, on

municipal expenditures, also considering the spillover impacts of the neighbors’ grants. We use

a rule of transfer that is based on population brackets, which creates discontinuities at the 4

thresholds considered for the Regression Discontinuity Design (RDD). Thus, we can estimate

the extent to which the response to FPM grant that is received by city i in window ni is related

to j’s FPM grant in window nj , with ni 6= nj . Also, we can measure the spillover effect of

the grant on the neighboring cities. FPM grant should be correlated between neighbors, given

that the probability of treatment is influenced by population growth, which is correlated among

neighbors. We estimate own and spillover effects separately by controlling for both i and j’s

FPM.

Effects of i’s FPM on i’s spending are in general positive and significant, but the values are

reduced 20% when we control for FPMj , as there is a positive spillover in most of the cases.

The effects on municipalities that are close to threshold 4 are not significant when we control

for j’s FPM, indicating a strong correlation between cities i and j’s treatment status, possible

due to population correlation. Elasticity of j’s FPM on i’s education and urbanism spending

are positive, indicating a complementary of these expenditures between neighbors i and j, but

the elasticities of FPMj on city i’s health and sanitation expenditures are negative when j is

smaller than i. It is well known that small cities’ populations are highly dependent on the health

care provisions in larger nearby cities. In this situation, if a small city j spends more on health,

the demand of city j’s population for city i’s public health provision may decrease, and city i’s

spending on health may decrease as well. These results indicate that the estimates of the FPM

impacts may change due to the chosen sample of neighbors.
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Secretaria do Tesouro Nacional.
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Appendix: Chapter 1

A McCrary tests for forcing variable manipulation

Figura 1: McCrary (2008) test for forcing variable manipulation: 2002 - 2006
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Figura 2: McCrary (2008) test for forcing variable manipulation: 2007 - 2012
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Tabela 1: FPM impacts using years with no manipulation according to McCrary (2008) tests
control: FPMj without control control

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

threshold 1
FPMi 1.01*** 1.15*** 0.70*** 1.87*** 1.51 0.75*** 1.13*** 0.41 1.71 -3.15

(0.09) (0.16) (0.13) (0.57) (2.5) (0.21) (0.39) (0.3) (1.33) (3.66)
FPMj . . . . . 0.33 -0.01 0.4 0.05 5.3

. . . . . (0.21) (0.39) (0.3) (1.35) (3.83)
obs 449 446 448 438 223 446 443 445 435 222

threshold 2
FPMi 1.24*** 1.55*** 1.21*** 1.51*** -4.07 0.83 0.21 1.70* -1.71 126.05

(0.13) (0.24) (0.16) (0.54) (3.11) (0.53) (1.15) (0.88) (3.06) (1207.66)
FPMj . . . . . 0.44 1.44 -0.54 3.47 -151.82

. . . . . (0.5) (1.11) (0.85) (2.95) (1437.53)
obs 400 394 395 390 188 393 387 388 383 184

threshold 3
FPMi 1.10*** 3.28*** 1.18*** 2.04*** 9.08* 1.02*** 6.26*** 1.17*** 2.75** 40.12

(0.11) (0.43) (0.13) (0.49) (4.9) (0.27) (1.65) (0.34) (1.27) (27.33)
FPMj . . . . . 0.03 -4.02** -0.03 -1.2 -25.11

. . . . . (0.25) (1.59) (0.32) (1.2) (16.57)
obs 392 386 389 386 186 386 380 383 380 183

threshold 4
FPMi 1.05*** 1.24*** 1.32*** 1.94*** -1.08 -0.53 1.47 2.81 4.62 2.97

(0.16) (0.22) (0.18) (0.62) (2.14) (3.89) (4.26) (5.03) (15.16) (12.52)
FPMj . . . . . 1.69 -0.19 -1.7 -3.21 -5.98

. . . . . (4.24) (4.64) (5.49) (16.46) (19.25)
obs 210 208 210 205 112 207 205 207 202 111

Note: ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use logarithms

of dependent variables, declared FPM and theoretical FPM. We exclude the years 2008, 2011 and 2012. We use

the specification in Equations (2) and (3), controlling for fixed effect. We control for city i’s population with 500

inhabitants of difference from each of the four thresholds considered, and we control for the neighbors j’s FPM

on the right side, with a difference of 500 inhabitants from neighbors j’s population to a different threshold.
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Tabela 2: FPM impacts in the period 2002-2007
control: FPMj without control control

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

threshold 1
FPMi 0.97*** 1.20*** 0.44* 0.85 5.26 0.75** 1.19** 0.1 0.27 0.03

(0.18) (0.34) (0.26) (1.17) (6.39) (0.29) (0.56) (0.43) (1.87) (7.64)
FPMj 0.28 -0.03 0.52 1.08 13.73

(0.25) (0.48) (0.37) (1.61) (11.95)
Obs 314 311 313 304 131 314 311 313 304 131

threshold 2
FPMi 1.00*** 1.59*** 1.27*** 1.83* -2.94 0.73 0.2 2.24 -2.46 12.73

(0.2) (0.46) (0.3) (1.02) (24.09) (0.71) (1.94) (1.67) (5.29) (43.97)
FPMj 0.29 1.51 -1.22 4.79 -27.35

(0.69) (1.92) (1.66) (5.25) (84.04)
Obs 274 269 269 264 110 274 269 269 264 110

threshold 3
FPMi 0.97*** 4.71*** 1.05*** 2.55*** 26.1 0.96*** 7.35*** 1.29*** 3.11** 83.85

(0.16) (0.99) (0.22) (0.67) (16.69) (0.3) (2.49) (0.48) (1.35) (159.6)
FPMj -0.15 -5.09* -0.45 -1.22 -51.61

(0.35) (2.92) (0.56) (1.59) (110.53)
Obs 277 275 275 273 118 277 275 275 273 118

threshold 4
FPMi 0.46 1.24** 0.84** 1.77 -71.04 -1.09 1.99 1.56 9.06 7.28

(0.4) (0.57) (0.35) (1.56) (621.42) (5.72) (7.45) (4.81) (30.16) (33.27)
FPMj 1.03 -0.69 -1.04 -6.34 28.13

(4.88) (6.29) (4.1) (26.26) (93.83)
Obs 155 153 155 150 70 155 153 155 150 70

Note: ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use logarithms

of dependent variables, declared FPM and theoretical FPM. We use data of the period 2002-2007. We use the

specification in Equations (2) and (3), controlling for fixed effect. We control for city i’s population with 500

inhabitants of difference from each of the four thresholds considered, and we control for the neighbors j’s FPM

on the right side, with a difference of 500 inhabitants from neighbors j’s population to a different threshold.
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B Alternative RDD estimation windows: 1,000 and 250 inhabitants

Tabela 4: RDD estimates of FPM impacts on local spending - 1,000 inhabitants window
control: FPMj without control control

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

threshold 1
FPMi 1.05*** 1.18*** 1.06*** 1.16*** 0.67 0.82*** 0.89*** 0.65*** 1.02** 0.67

(0.03) (0.05) (0.04) (0.14) (0.41) (0.09) (0.15) (0.12) (0.46) (0.99)
FPMj . . . . . 0.22** 0.30* 0.44*** 0.08 -0.77

. . . . . (0.10) (0.15) (0.13) (0.47) (1.10)
obs 2514 2501 2508 2428 1333 2496 2483 2490 2410 1323

threshold 2
FPMi 1.08*** 1.07*** 1.22*** 1.33*** 2.33*** 0.88*** 0.33 1.22*** 0.74 0.17

(0.04) (0.07) (0.05) (0.18) (0.59) (0.14) (0.30) (0.21) (0.75) (2.78)
FPMj . . . . . 0.22* 0.81*** 0.001 0.66 2.26

. . . . . (0.13) (0.28) (0.19) (0.69) (2.66)
obs 2201 2181 2186 2152 1209 2172 2152 2157 2124 1187

threshold 3
FPMi 1.14*** 1.68*** 1.15*** 1.64*** 2.14*** 0.96*** 2.70*** 0.90*** 1.91*** 3.69**

(0.03) (0.07) (0.04) (0.14) (0.64) (0.12) (0.31) (0.13) (0.52) (1.87)
FPMj . . . . . 0.21* -1.16*** 0.28** -0.26 -1.76

. . . . . (0.12) (0.31) (0.13) (0.52) (1.65)
obs 2022 1995 2006 1987 1124 1997 1970 1981 1962 1106

threshold 4
FPMi 1.00*** 1.21*** 1.15*** 1.57*** -0.64 -0.1 0.70** 0.49* 0.21 -0.16

(0.04) (0.05) (0.04) (0.18) (0.56) (0.27) (0.32) (0.26) (1.14) (1.31)
FPMj . . . . . 1.14*** 0.46 0.66** 1.44 -0.57

. . . . . (0.27) (0.32) (0.26) (1.14) (1.26)
obs 1165 1152 1163 1148 681 1144 1131 1142 1127 671

Note: ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use logarithms

of dependent variables, declared FPM and theoretical FPM. We use the specification in Equations (2) and (3),

controlling for fixed effect. We control for city i’s population with 1,000 inhabitants of difference from each of the

four thresholds considered, and we control for the neighbors j’s FPM on the right side, with a difference of 1,000

inhabitants from neighbors j’s population to a different threshold.
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Tabela 5: RDD estimates of FPM impacts on local spending - 250 inhabitants window
control: FPMj without control control

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

threshold 1
FPMi 0.88*** 0.98*** 0.70*** 1.60*** -0.74 0.72*** 1.15** 0.02 1.56 -6.98

(0.10) (0.16) (0.17) (0.51) (2.52) (0.27) (0.50) (0.46) (1.49) (5.74)
FPMj . . . . . 0.18 -0.15 0.70* 0.13 9.43

. . . . . (0.23) (0.42) (0.39) (1.27) (6.52)
obs 123 122 122 121 87 123 122 122 121 87

threshold 2
FPMi 0.81*** 0.99*** 0.73*** 0.34 2.49 0.73*** 0.41 0.61*** 0.94 -17.43

(0.1) (0.22) (0.10) (0.35) (1.87) (0.21) (0.37) (0.19) (0.73) (177.08)
FPMj . . . . . 0.08 0.98** 0.24 -0.61 42.38

. . . . . (0.26) (0.49) (0.24) (0.95) (455.62)
obs 121 118 119 119 60 117 114 115 115 58

threshold 3
FPMi 0.77*** 0.69*** 0.78*** 0.64* 5.14* 0.05 0.01 0.12 0.02 8.70***

(0.14) (0.16) (0.13) (0.39) (2.82) (0.23) (0.28) (0.24) (0.72) (3.01)
FPMj . . . . . 1.01*** 0.96*** 0.94*** 0.05 -10.67**

. . . . . (0.29) (0.37) (0.31) (0.93) (5.38)
obs 113 110 112 110 50 112 109 111 109 49

threshold 4
FPMi 0.43 0.26 0.45 0.37 -92.84 -1.83 -1.95 -2.37 -2.66 25.76

(0.38) (0.74) (0.52) (1.12) (956.05) (3.19) (4.10) (3.62) (6.67) (78.24)
FPMj . . . . . 1.64 1.54 2.02 2.2 -22.22

. . . . . (1.98) (2.55) (2.25) (4.14) (55.17)
obs 51 51 51 51 30 51 51 51 51 30

Note: ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use logarithms

of dependent variables, declared FPM and theoretical FPM. We use the specification in Equations (2) and (3),

controlling for fixed effect. We control for city i’s population with 250 inhabitants of difference from each of the

four thresholds considered, and we control for the neighbors j’s FPM on the right side, with a difference of 250

inhabitants from neighbors j’s population to a different threshold.
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C Controlling for neighbor j’s expenditures

Tabela 6: FPM impacts on i spending - controlling for j spending
control: FPMj without control control

spending health education urbanism sanitation spending health education urbanism sanitation
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

threshold 1
FPMi 0.67*** 0.65*** 0.50*** 1.31*** 0.48 0.54*** 0.69*** 0.40*** 1.35** -1.06

(0.07) (0.12) (0.10) (0.39) (1.27) (0.10) (0.19) (0.15) (0.62) (2.04)
FPMj 0.24* -0.14 0.20 -0.29 2.5

(0.15) (0.27) (0.22) (0.90) (2.93)
obs 660 657 659 644 367 656 653 655 640 366

threshold 2
FPMi 0.94*** 1.05*** 1.01*** 1.30** 3.79* 0.79*** 0.56 1.03*** 0.003 -4.59

(0.10) (0.18) (0.15) (0.52) (2.25) (0.22) (0.38) (0.31) (1.10) (7.17)
FPMj 0.21 0.68* -0.02 1.65 9.68

(0.21) (0.37) (0.30) (1.06) (6.79)
obs 585 576 578 569 313 573 564 566 557 305

threshold 3
FPMi 0.70*** 3.20*** 0.78*** 1.48** 7.15* 0.65*** 4.03*** 0.75*** 1.76** 15.05**

(0.11) (0.44) (0.14) (0.66) (3.70) (0.14) (0.66) (0.18) (0.84) (6.26)
FPMj -0.02 -2.31*** -0.02 -1.79** -9.97***

(0.13) (0.61) (0.16) (0.77) (3.32)
obs 548 542 546 542 275 542 536 540 536 272

threshold 4
FPMi 0.54*** 0.78*** 0.79*** 1.87*** -1.02 0.33 0.84 1.27 3.13 -0.54

(0.17) (0.26) (0.23) (0.72) (2.73) (0.71) (0.99) (1.00) (3.27) (3.94)
FPMj 0.19 -0.04 -0.69 -1.78 -1.27

(0.79) (1.14) (1.11) (3.68) (5.09)
obs 298 296 298 293 174 295 293 295 290 173

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use

logarithms of dependent variables, declared FPM and theoretical FPM. We control for city i’s population with

500 inhabitants of difference from each of the four thresholds considered. We control for neighbor j’s spending

(in R$ per capita), considering the variables in logarithms, and we control for the neighbors j’s FPM on the right

side, with a difference of 500 inhabitants from neighbors j’s population to a different threshold.
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D Maps - treatment and control groups

Figura 3: Treatment and control groups - 2002: 500 inhabitants window
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Figura 4: Treatment and control groups - 2011: 500 inhabitants window

Figura 5: Treatment and control groups - 2002: 1,000 inhabitants window
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Figura 6: Treatment and control groups - 2011: 1,000 inhabitants window
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E Legal Tabulated Coefficients

Tabela 7: FPM population coefficients

rule population brackets coefficient

1 0-10,188 0,6
2 10,189 -13,584 0,8
3 13,585-16,980 1,0
4 16,981-23,772 1,2
5 23,773-30,564 1,4

Font: Decree Law No. 1.881/1981

Tabela 8: FPM state coefficients

state percentage % state percentage %

Acre 0.2630 Paráıba 3.1942
Alagoas 2.0883 Paraná 7.2857
Amapá 0.1392 Pernambuco 4.7952
Amazonas 1.2452 Piaúı 2.4015
Bahia 9.2695 Rio de Janeiro 2.7379
Ceará 4.5864 Rio Grande do Norte 2.4324
Esṕırito Santos 1.7595 Rio Grande do Sul 7.3011
Goiás 3.7318 Rondônia 0.7464
Maranhão 3.9715 Roraima 0.0851
Mato Grosso 1.8949 Santa Catarina 4.1997
Mato Grosso do Sul 1.5004 São Paulo 14.2620
Minas Gerais 14.1846 Sergipe 1.3342
Pará 3.2948 Tocantins 1.2955

Font: TCU resolution No. 242/1990.

F Financial reducer and final population coefficients

Now, we explain the calculation of the Financial Reducer and final population coefficients to
the period 2002-2007. First, we define the Additional Gain (AGit), an auxiliary variable, for
each municipality as the difference between the tabulated population coefficient in 1995 and the
coefficient of the previous year, t-1:

AGit = k(popi,1995) − k(popi,t−1) if AGit > 0 ; 0 otherwise

Where k is the coefficient of population used as a source of exogenous variation on FPM
transfer in our sample of cities. In fact, k is a step function of previous year local population
estimated by IBGE and tabulated by the law, as shown in Table 1 of Appendix E.

There is a percentual reduction in AGit, 1 − Rt, where Rt is defined by law and increases
along the years, in such a way that there is a convergence of all cities by 20081. We use the
variable Additional Adjusted Gain, AAGit:

AAGit = AGit × (1 −Rt) if AGit > 0 ; 0 otherwise

1Financial reducer (Rt) values were: 40% in 2002, 50% in 2003, 60% in 2004, 70% in 2005, 80% in 2006 and
90% in 2007, according to Complementary Law No. 91 of 1997.
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We define the Non-Supported Cities Coefficient, NSCit, as:

NSCit = k(popi,t−1) if AGit ≤ 0 ; 0 otherwise

The total reduced from cities with additional gain in each state are aggregated and redistributed
to the Non Supported Cities of each state. Non Supported Cities Share, NSSit, can be written
as:

NSSit =
Σj,t,SAGjt − Σj,t,SAAGjt

Σj,t,SNSCjt
×NSCit if AGit ≤ 0 ; 0 otherwise

That is, NSSi,t is the value discounted from cities that receive additional gain (AGi,t > 0)
that are distributed to cities that are not supported by additional gain (AGi,t ≤ 0), according
to the weight of each non supported city in relation to all cities in the same situation in a given
state (S) and year (t). The Final Coefficient, FCit, is defined as:

FCit = k(popi,t−1) + AAGit if AGit > 0 and year ≤ 2007
FCit = k(popi,t−1) + NSSit if AGit ≤ 0 and year ≤ 2007

FCit = k(popi,t−1) if year > 2007

We calculate in Equation (2) the increase in the theoretical FPM due to the previous year
population variation, for the period 2008-2012:

∆theoreticalFPMit

∆popi,t−1
=

∆kit(∆popi,t−1)Σj 6=i|Skjt(popj,t−1)

(Σj|Skjt(popj,t−1))(Σj|Skjt(popj,t−1) + ∆kit(∆popi,t−1))
× S ×Mt × 0.864 (1)

The effect of population growth on theoretical FPM is heterogeneous among cities because
FPM distribution for interior cities also depends on the state. This effect is positive when
the population grows beyond the FPM thresholds, but it is decreasing because the coefficient
variation between the brackets is always the same (as shown in Table 1 of Appendix E). The
derivatives for supported and non supported cities during the years that the reducer was applied
follow a similar pattern, as they are linear functions of the population coefficient.
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and 

 

Social Outcomes 



Free-riding and spillovers among public health systems in

neighboring cities∗

Marcelo Castro†

Abstract

We provide evidences for substitute effects and free-riding in health provision among
neighboring small towns in Brazil. We estimate the impact of the main unconditional
federal grant to Brazilian municipalities, the FPM (Fundo de Participação dos Munićıpios
- FPM), on local health outcomes, considering the spillover from the neighboring cities’
FPM. We explore the FPM distribution rule according to population brackets to apply a
fuzzy Regression Discontinuity Design (RDD) near the thresholds, using data from 2002
to 2007 - a specification similar to Brollo et al (2013). We find a reduction on morbidity
rate (- 0.23%) and an increase on mortality rate (0.23%) in the largest cities of our sample
(near 23,000 inhabitants) when not controlling for spillover. These effects under Litschig
and Morrison (2013)’s methodology are numerically and statistically insignificant, except for
morbidity (-0.2%). We also find an increase on the access to the main program of visiting the
vulnerable families, the Family Health Program (Programa Saúde da Famı́lia - PSF). The
effects are stronger in the smallest cities of our sample - robust increases on the percentage of
residents enrolled in the program, 0.36%, on the per capita number of PSF visits, 1.59%, and
on the per capita number of PSF visits with a doctor (1.8%) and a nurse (2%). We estimate
the FPM spillover using neighboring cities near different thresholds. The results shows that
the reduction in morbidity is due to the spillover effect, and the own FPM effect is in fact
positive. Also, the positive effect on mortality is very reduced, and there is an negative
spillover on it. Negative spillover are also detected on preventive actions, as PSF doctors
visits and vaccination. Overall, the results indicate negative spillover in most of health
indicators, showing that health goods may be substitutes. Also, small towns invest more on
preventive actions, which reduce demand for hospitalization. There are evidences that the
reduction in hospitalization is greater to induce investment in the small cities, leading even
to an increase in mortality. Finally, the negative spillover effect on health resources may be
due to the free riding problem, as in the case of number of hospital beds, but also due to to
competition for health professionals, as in the case of number of doctors (-0.35% and -0.87%,
respectively, for cities with fewer population), specialy general practitioners and surgeons
(-1.84% and -2.45%, for the most populous cities in our sample).

Keywords: Program Evaluation, Urban Economics, Health Economics.
JEL codes: I13, H41, C13
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1 INTRODUCTION

1 Introduction

In this paper, we estimate the effect of the main unconditional federal grant in Brazil, the FPM,

(Fundo de participação dos Munićıpios, in Portuguese) on the municipalities’ health outcomes.

We also estimate the indirect effect due to interactions among neighboring municipalities.

Mainly, we take into account the spillover effect of neighboring cities FPM, that is, the indirect

effect of having a close municipality also receiving the transfer. We estimate a fuzzy Regression

in Discontinuity Design (RDD) exploring the FPM transference law according to population

brackets, which generates discontinuities in the FPM transference. We take in our sample

municipalities close to each threshold for the estimation of the direct effect, and neighbors near

different thresholds to estimate the spillover effect1 .

We analyze the effects on the main per capita public health outcomes: mortality, morbidity

rates and the number of ambulatory consultations. We also estimate the impact on preventive

measures coverage, as vaccination, and we concentrate the analysis on the impacts on the most

important preventive health program in Brazil: the Family Health Program (Programa Saúde

da Famı́lia - PSF), which consists of health professionals visits to the families registered in the

program. Finally, we estimate the effects on health resources and professionals: total number of

doctors, and separated by specialization, nurses and health professionals. We also look to the

effects on the number of hospital beds, hospitals and health centers for primary care. All values

are per capita.

To the best of our knowledge, this is the first attempt to estimate the direct impacts of

intergovernmental transfers and spillover effects in neighboring cities on health outcomes using

RDD strategy and Brazilian data. Most of the robust results indicate positive effects of own FPM

on health outcomes and resources, but a negative spillover due to neighbors’ FPM. When we

aggregate all the thresholds in our robust specification, there is an increase 0.52% in ambulatory

consultations due to an 1% increase in FPM, an 1.1% increase in FPM overall PSF visits and

an 0.75% increase in PSF visits with a doctor. We verify an increase in mortality (0.3%) and an

decrease in vaccination (-0.27%), but these adverse signals in general disappear when we control

for spillover effects. There are positive direct impacts and negative spillover on health resources,

specially on number of doctors (0.51% and -0.87%) and number of hospital beds (0.4% and

-0.35%), when the city is near the first threshold.

Spillover in the health economics is largely described in the literature, as health markets

1The same strategy carefully explained in the first chapter of this thesis.
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1 INTRODUCTION

typically have strong externalities. Usually, the spillovers are due to the reduction in contagious

of diseases. Edward, M., Kremer, M. (2004) document positive effects of a deworming program

both on non-treated students in eligible schools and on students from neighboring schools. Also,

problems with health conditions of familiars or spouses increase the chance of having a mental

illness (Holmes, A. 2003; Fletcher, J. 2009). Timmermans et al (2014) show that the lack of

health insurance causes more absenteism at basic schools, while in Pauly and Pagán (2007)

increasing the proportion of insured citizens benefits the uninsured people in the community.

Grabowskia and Hirthb (2003) find that non profit market of nurses increases overall nursing

quality. More close to us, Fernandez and Forder (2015) and Moscone et al (2007) show that

spatial policy spillovers explain part of the local spending variation in England.

We take a different approach of usual literature on health externalities through the estimation

of the local spending effect on local and neighboring cities’ health outcomes, resources and

professionals. In this case, mayors and health professionals may also be benefited for health

spending in neighboring cities, as it decreases the local demand for health. The quality of the

public health services may increase, but the electorate may have imperfect information about

the causes of this process. We test directly for the political free riding, due to the fact that

cities can not refuse health services to the neighboring population (the citizens free riding), as

a cause of negative spillover on health spending and outcomes, controlling for the fact that the

pair neighboring cities have mayors from the same party.

Indeed, the FPM spillover on neighboring cities’ health outcomes, resources and services are

in general negative, meaning that health spending and outcomes are substitute (reinforcing the

conclusions of the first paper of this thesis) or maybe due to competition for health professionals.

There are two theoretical reasons for the existence of such spillover on health outcomes. First,

there are large positive externalities in public health provision. The investment on preventive

measures, as vaccination and the PSF, reduces the contagious of diseases in all the cities in the

region, beneting neighboring citizens. Besides, when a new hospital is built, all the citizens from

close cities without hospitals are benefited. The positive externality may create the free rider

problem. If neighbors make preventive actions and invest in hospitalization, the incentives to

invest on preventive measures reduce.

Second, the public health system goods are substitute when considering the demand in two

neighboring cities. If there is no preventive action is small city, the demand for hospitals in the

biggest town increases, due to the worsening of the disease or to the lack of health professionals
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1 INTRODUCTION

in small towns. This again leads to a free rider problem, as small towns have fewer incentives

to invest in health when the bigger neighbor invest more. The problem is worst to big towns,

that get the demand of the region. Also, if the small city invest more on preventive measures,

the diseases will not spread and the demand in the hospitals will be reduced. The cities with

hospitals may even invest less on public health that would do if there was no demand for the

other towns to force the investment in small towns. The possibility of spillover is particular

high in Brazilian provision of public health. In general, small cities invest in primary care and

preventive measures, while big cities spend more in more complex treatments, as hospitalization,

that attend also the population of small cities when they need.

We also address the issue of public health system accountability, one of the most relevant

public policies for the population welfare in Brazil, using a robust estimation approach. Channa

and Faguet (2012) find that only few papers that estimate the effects of public spending on

health outcomes can be classified as being “highly credible” based on the nature of the data

and identification strategy. The primary health care is the cities’ responsibility in Brazilian

federalism and many studies point a positive effect of FPM on health local spending, specially

on the health primary care expenditures (Castro et al, 2015; Arvate et al, 2013). Parmagnani

(2013) finds that for every R$1 increase in the conditional transfer and unconditional transfers,

R$0.20 and R$0.82 per capita, respectively, are spent in other areas than health. Most studies

find a negative impact of sub-national health expenditure, as a proportion of national health

expenditure, on childhood mortality rate (Robalino, Picazo et al. 2001,Jimenez-Rubio and Smith

2005; Jimenez-Rubio 2011). However, there is no paper that estimate robustly the impacts of

expenditures or an unconditional grant on health public goods and health outcomes in Brazil.

The Brazilian Federal Constitution guarantees public health care to the entire population. In

addition, the Constitution determines a unified and decentralized system, whereas the municipalities

has the obligation to provide primary care. Such prerequisites culminated in the creation

of the Unified Health System (Sistema Único de Saúde – SUS). Currently, over 70% of the

Brazilian population depends exclusively on SUS for medical and hospital care, representing

approximately 150 million people. Most of the health spending is executed by sub-national

governments in Brazil, as occurs in the majority of developing economies (Glassman and Duran,

2011; Glassman and Sakuma, 2014). In one hand, the municipalities have better conditions

to evaluate the necessities of each community. In the other hand, Brazilian municipalities are

highly dependent of federal grants and there are economies of scale in the public health goods
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2 INSTITUTIONAL BACKGROUND

provision. In this paper, we examine a kind of sub allocation due to the difficult of coordination

of health spending between close municipalities. The problems in fiscal federalism and the

lack of accountability on health spending leads to strong variation on the efficiency of public

health provision (as happens with education and another areas). Duarte et al. (2009) shows

that existing intergovernmental Brazilian health transfers present strong horizontal inequalities.

States with the highest infant mortality rates and low private health insurance coverage are

treated similarly to those with low child mortality and high private health coverage.

Our paper is divided into the three sections below. In the next section, we make some

remarks about the institutional evolution concerning the FPM and the public health financing

in Brazil. In Section 3, we present the methodology and empirical strategy. We describe the

data in Section 4 and we test the hypothesis that guarantee the estimates validation in Section

5. We present in Section 6 the results and in Section 7 the main conclusions.

2 Institutional background

2.1 Brazilian public health financing

According to the Brazilian Constitution, health is responsibility of the union, the states and

the cities. The main landmarks of the public health system regulation were the Laws 8.080 and

8.142, the both of 1990. The first covers SUS financing. The second provides the requirements

for municipalities, states and the federal districts to be eligible to receive SUS resources. In 2000,

the Institutional Amendment 29 (EC - 29) implemented the rules for public health financing.

Municipalities use own resources, including funds from the Federal Government, and SUS

transfers for financing public health system. These grants can be characterized as conditional

and binding, or unconditional. The conditional and mandatory grants most have a specific

destination. The unconditional grants, in turn, do not have a predefined destination, which can

be decide by mayors. Sometimes there is just a requirement that a minimum percentage is to

be spent on specific actions, but the amounts are not biding.

The main conditional transfers are from the National Health Fund (Fundo Nacional de Saúde

- FNS), directed to state and local funds, as the Primary Care Expanded Fixed Floor (Piso da

Atenção Básica Fixo -PABF), which guarantees the minimum amount to be applied locally. In

addition to the fixed part of the PAB, the transfer also has a variable part, which is transferred

only to municipalities that adopt the government’s priority programs such as the Community
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Health Agent Program (Programa de Agentes Comunitários de Saúde – PACS) and the PSF.

FPM in considered an unconditional grant, as each municipality has the prerogative to spend

that money where there is greater needing, while complying with the constitutional obligation

to spend at least 15% of its total resources on health. This is the most important resource of

small municipalities in our sample (fewer than 30,000 residents), corresponding on average to

more than 30% of the budget revenue.

The total amount destined to FPM is a percentage of the Income Tax and the Tax on

Industrialized Products collected by the Union. Each municipality share is calculated by the

Court of Audit (Tribunal de Contas da União - TCU), with 10% of the FPM being intended

for state capitals and the national capital, 86.4% being allocated to the inland municipalities,

and 3.6% is allocated to municipalities with a population of 142,633 inhabitants or more. Our

sample consists of inland cities. The calculation for them takes into account the percentage of

participation of each state (Table 1 of Appendix A) in the national inland FPM amount and

the cities’ coefficients determined by local population brackets (Table 2 of Appendix A).

2.2 Health evolution in Brazilian municipalities2

Brazilian population increased from 175 millions to 191 millions between 2002 and 2010, an

increase of approximately 10%. This increase in population, especially in older individuals who

use the public health service more intensely, increases the demand for medical and hospital care.

Thus, the resources allocated to public health financing should at least keep up with this growth

in demand.

There was an 102.6% increase in the amount spent on the provision of health services,

reaching R$79 billion in 2010. In per capita terms, there is an increase of almost 90% in health

spending, starting at R$221 and increasing to R$414 per capita during this period. Again, the

increase exceeded population growth and also exceeded the observed increase in the resources

transferred to SUS. This finding suggests that the use of municipalities’ own resources destined to

public health funding may have increased. FPM, the principal revenue in small cities, increased

68.4%, reaching R$57 billion in 2010 and highlighting the years 2005, and 2007 to 2008, when

the annual growth surpassed 10%.

Based on these statistics one might expect a substantial improvement in the health status of

the Brazilian population. However, such improvements are not evident. For example, between

2This subsection is mainly based on Mattos and Patriota (2015)
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2002 and 2010, there is a 15.8% increase in mortality. In the other hand, there is a sharp decrease

of more than 30% in the mortality of children aged under 1 year and in those aged 1-4 years.

For children 5-14 years, there is also a significant decrease of 16%.

Unlike general mortality, morbidity decreased in the 2000 decade, from 11.7 millions to 11.4

millions. This trend may have two causes: an increase in the preventive measures (and thus

a decrease in the diseased population), or a decrease in the number of beds per capita, with a

reduction in the admission of individuals who should receive more intensive treatment, which

increases mortality. We indirectly verify these hypothesis analyzing the changes in preventive

actions and in home hospitalization in addition to morbidity data.

Preventive measures are public health services that aim to prevent the population to have the

diseases. The first prophylactic measure addressed in this study refers to immunization coverage,

that is, number of applied vaccination doses under the eligible population. We analyze carefully

Family Health Program (PSF), the principal preventive program in Brazil, specially for poor

families. The program consists of health professionals teams visits to the eligible families. This

program has grown significantly throughout the country between 2002 and 2010, increasing from

86 million registered inhabitants to 124 million, a growth of 44% in these nine years. In the

period between 2002 and 2010, there is an increase of 75.7% in the number of consultations,

which can generate very positive results in terms of reducing diseases.

The PSF visits can be divided by types of health professional, including doctors, nurses,

other higher-education professionals (college) and mid-level professionals (high school). There is

a decrease in medical visits (-8.6%), whereas for the other three categories, there is an increase

in home visits, highlighting the mid-level professional visits, which increased by 46.5% over the

period.

Other information considered on Family Health Program performance is the medical referral

for specialized care. The data includes the number of referrals for specialized treatment,

including for example physiotherapy, speech therapy, occupational therapy and psychology.

Between 2002 and 2010, there is a large increase in the number of referrals for specialized

care, from 2.8 to 8.7 millions. Home care variable is the last PSF variable analyzed. It consists

of medical referral to home hospitalization.
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3 Empirical strategy

Our identification strategy for the direct effect follows Brollo et al (2013) and Litschig and

Morrison (2013) that explores the FPM transfer rule based on population brackets to identify

the exogenous grant impact in Brazilian municipalities near the thresholds. As is shown in

Castro et al (2015), local populations are highly correlated, which guarantees the imprecise

control to estimate RDD, but generates the spillover bias, as the treatment status are correlated

among neighbors. We control for own and neighboring cities’ FPM near different thresholds to

capture the both effect on the health outcomes.

We explore different discontinuity points for FPM transfers to identify the FPM causal effects

on health indicators in Brazilian municipalities, as many papers have pointed a positive impact

on health spending (Arvate et al, 2013; Castro et al, 2015). We estimate in the first chapter

if this thesis a negative spillover from a FPM received on small towns on health spending in

bigger neighboring cities. We concentrate on the first three FPM thresholds to measure the

direct impacts, the same cut-off points used in Litschig and Morrison (2013) and the more clear

identifiable FPM discontinuities in our data.

RDD validation using panel data depends that all variables determined before the assignment

be independent of the treatment status near the thresholds (Lee, 2008). Therefore, as a

randomized experiment, differences in post allocation results are not confounded by omitted

variables whether they are observable or not. Lee and Lemieux (2010) assume a pair of potential

outcomes for each individual i: Yi0 if the municipality is to left of one of the thresholds and

Yi1 if the municipality receives R$1 due to the population rule. Therefore, the FPM Local

Average Treatment Effect (LATE) is the difference between the potential output Yi1 − Yi0 for

the complies. It is not possible to observe the pair of the potential results simultaneously, but

we consider an exogenous variation at the probability of being treated at the thresholds, while

the other potential variables that affect the results are continuous. So the potential outcomes

can be estimated considering observations arbitrarily close to the thresholds, as the formula:

T − C = limε→0+E[Yi|Xi = c+ ε]− limε→0−E[Yi|Xi = c+ ε] = E[Yi1 − Yi0|X = c]

T is the average health output in the treatment group and C is the average health output in

the control group. Yi is the health public good in city i and X is the forcing variable, meaning
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that the average FPM increases if X > c, and 0 otherwise. The difference between these two

groups is asymptotically equal to the average treatment effect on the population, conditional

to X=c. We use the percentage difference of local population and the nearest threshold as the

forcing variable, which we call score and we calculate as:

scoreih =
populationi − ch

ch

scoreih is the percentile difference of city i’s population to threshold ch, where

ch ∈ {10, 188.5; 13, 584.5; 16, 890.5} is the most close threshold to i’s population, indexed by

h ∈ {1, 2, 3}. Therefore, the municipalities to the left of the cutoffs have a negative score (control

group) and the municipalities to the right of the cutoffs have a positive score (treatment group).

However, as we point in the first chapter, the possibility of population correlation among

neighboring municipalities may lead to a correlation among the FPM received by them, that is,

the probability of one city changing the FPM coefficient increase the chance of the neighbor also

changing the bracket. By one hand, this avoids the possibility of complete manipulation that

may bias the results due self selection in the treatment, but on the other hand the correlation

among neighbors treatment status may lead to bias if FPM spillover from one city to another.

We find negative spillover in health spending.

We use FPM from FINBRA that is declared by the mayors, which can have declaration

errors. In special, using this data can lead to underestimation bias (Angrist and Lavy, 1999), so

we consider the FPM value that should has been transferred to municipalities according to the

legal rules, which we call theoretical FPM. We follow a linear specification for the methodology

in Brollo et al (2013), as in Castro et al (2015), using theoretical FPM as an instrument for the

declared FPM in a first stage.

In the first stage, we estimate jointly the city i and neighbors j’ declared FPM as functions

of the theoretical FPM:

FPMi = theoreticalFPMi × γi0 + lscorei × γi1 + lscore2i × γi2 + ζi

FPMj = theoreticalFPMj × γj0 + lscorej × γj1 + lscore2j × γj2 + ζj

We add the neighbors’ FPM and population polynomial. lscore and lscore2 are the score of

the previous year and the quadratic of this term, respectively. The vector of estimated FPM

from cities i and j are used in the second regression, where we estimate the impacts of both
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FPMs on city i’s health outcomes, Hi:

Hi = α0 + FPM e
i × αi1 + FPM e

j × αj1 + lscore× α+ ηi

We make the estimations in a 2SLS procedure, correcting for the generated variance in the

first stage and clustering the observations in municipality level. αi1 αj1 are the treatment effect

and Y is one of the local health outcomes or resources. lscore is a vector of city i and neighbor

j’s RDD ”assignment variable” (Lee and Lemieux 2010) and the quadratic terms. ζ and η are

the idiosyncratic errors.

We control for city i in each of the 4 thresholds and j near one of the others. Conversely,

we also control for neighbors j at one of the thresholds and cities i at any of the others. We

consider the maximum scores of 1%, 5% and 10% from the thresholds to estimate RDD. Our

robust regressions control for fixed effect for each pair of i and j, using the panel of cities between

2002 and 2007.

4 Data description

We use a panel of municipalities across 2002 to 2007, the same period analyzed in Brollo et

al (2013). We take FPM data from FINBRA - Brazil’s Finance, of the Finance Ministry, and

also other information about the municipalities finances, as budget spending and revenue, and

health expenditures. The nominal values from 2002 to 2007 are updated to January, 2014, using

the official inflation rate (́Indice de Preços ao Consumidor Amplo - IPCA). We also have the

official population used by TCU to calculate FPM coefficients. We calculate the FPM values

that should have been transferred to municipalities according to the legal rules, which we call

theoretical FPM (as in Brollo et al, 2013, and Castro et al, 2015).

The health outcome variables are taken from DATASUS of the Health Ministry. Table 1 of

Appendix B makes a description of the health variables used in this papers. The data is collected

from the entire country and compiled by the central government. We present some descriptive

some information about the data we use for the estimations at Table 1, in which we consider

municipalities that are 5% distant from the thresholds and the years 2003-2007. We present

the descriptive statistics of the health variables, FPM and population considering the mean,

standard deviation, minimum and maximum values. Overall, there are 5,548 municipalities in

Brazil in this period; however, complete information from all of them is not available for every
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year, and implies a database with approximately 2,700 observations near the thresholds.

Table 1: Descriptive analysis

Variable Obs. Mean Std. Dev. Min Max

FPM declared 2699 486.0649 100.9349 0 1089.046
theoretical 2699 444.0618 154.7843 26.30722 1319.679

population 2699 13474.74 2775.403 9680 17829
mortality 2699 0.005182 0.001737 0.0006116 0.010826
morbidity 2699 0.069632 0.027365 0.0006616 0.256333
ambulatory 2682 9.747856 4.998099 0.000575 68.12457
vaccination doses 2699 0.855025 0.249055 0.3679661 2.294722
PSF users 2578 0.872454 0.227086 0.0003422 2.038461
PSF visits 2699 0.322819 0.517124 0 12.80842
PSF visitor’s degree doctor 2406 0.069122 0.094735 0.0000979 1.615033

nurse 2479 0.103703 0.116945 0.0000581 1.64768
college 1831 0.036607 0.324665 0.0000562 12.67113
high school 2397 0.158896 0.292656 0.0000581 9.929444

home care 1615 0.002712 0.006339 0.0000562 0.092284
special referral 2353 0.040861 0.273689 0.0000712 13.14155

Source: Datasus and FINBRA. Elaborated by the authors. Note: Per capita values.
Municipalities within a 5% distance from the thresholds.

Figure 1 shows that overall morbidity decreased in the period 2003-2007 in the cities that we

use in our main regressions. Nonetheless, mortality and ambulatory consultations increased in

the period. The preventive measure that increases the most is the overall number of PSF visits.

5 Identification assumptions

The strongest assumption for causal inference is the control and treatment groups balancing,

according to potential variables, observable or not, that could influence the dependent variables.

One difficult arises when the agent can influence the forcing variable, in order to get the

treatment, an indication of self selection bias. The manipulation is not a problem if it is

imperfect, that is, if there is still random assignment near the thresholds that the participants

can not control (Lee and Lemieux, 2010; Van der Klaauw, 2002).

In our regressions, we are concerned about the possibility of local population manipulation,

as pointed by Monasterio (2013) and Litshig (2012). Monasterio (2013) and Avezani (2014)

point a larger frequency of cities immediately after the thresholds points, specially after 2007,

but it is not reinforced in Arvate et al (2013). Monasterio (2013), using McCrary’s (2008)

strategy argues that there could be three ways for influencing the census: (i) the municipalities

actually do present that number of residents, perhaps because they have created incentives to

92



5 IDENTIFICATION ASSUMPTIONS

Figure 1: Per capita health outcomes evolution - 2003 to 2007

Source: Datasus. Elaborated by the authors. Note: Per capita values. Municipalities within a
5% distance from the thresholds.

attract migrants, (ii) municipalities have that population, but mindful of the threat of losses,

get mobilized for the census visits and (iii) deliberate fraud of population census.

Brollo et al (2013) find no manipulation evidence in the period 2002 to 2008. There are no

possibilities of manipulating in this period, as population is estimated annually by the National

Institute of Statistics (Instituto Brasileiro de Geografia e Estat́ıstica - IBGE), according to the

previous 2 census and using the country and the city’s region variation. Population census is

independent of the municipal administration and the coefficients for FPM redistribution is fixed.

It should be noted that the only discontinuity at the thresholds is the FPM, and only

for inland municipalities that we take for our sample. Figure 2 shows the per capita FPM

discontinuity using the Calonico et al (2014b)’s fourth order estimator and last year score as

the forcing variable within 1% (A) and 5% (B) of absolute distance from the thresholds. Figure

2C and 2D shows the very FPM thresholds effects on budget spending and on health spending,

respectively. There are sharp discontinuities in the FPM, while the discontinuities in budget

spending and health are not evident.
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Figure 2: Discontinuity test for FPM and local finance variables

Source: FINBRA. Elaborated by the authors. Note: Calonico et al (2014b)’s fourth order
polynomial estimator. Each dot represents the variable sample average in a given bin.
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In Figure 3 we present the Mccrary (2008) tests for forcing variable manipulation to test the

population manipulation near the FPM thresholds. We make the test for all the municipalities

in the segments that we calculated the score (A) and we also use the score maximum absolute

value as 1% (B), 5% (C) and 10% (D). There is no indication of manipulation and unbalancing

between the municipalities’ frequency to the left or to the right of the thresholds in any estimation

window, when we use the aggregate data of the period 2002-2006. In Figure 6 of Appendix C

we present the population histograms for each year separately, and there is no indication of

manipulation in any year of the period 2002-20063 .

Figure 3: Mccrary (2008) tests for population manipulation

Source: FINBRA. Elaborated by the authors. Note: Mccrary (2008)’s test for forcing variable
manipulation. Each dot represents the variable sample average in a given bin.

The FPM population rule impacts on the health variables are not clearly visible. Figure 4

presents the differences in RDD treatment and control groups on the basic health indicators by

municipal level. There seems to be a reduction in mortality (A), morbidity (B) and immunization

rates, but an increase in ambulatory consultations per capita.

We investigate PSF, the most important health basic care program in Brazil, in Figure

5. The differences due to the FPM threshold are nor clearly detectable. There is few more

percentage of inhabitants registered in the program (A), on average, but there are fewer PSF

3These are the years used in the theoretical FPM calculation, as the population of the previous year is used
to determine the FPM share in the current year.
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Figure 4: Discontinuity test for health outcome variables

Source: DATASUS. Elaborated by the authors. Note: Calonico et al (2014b)’s fourth order
polynomial estimator. Each dot represents the variable sample average in a given bin.

visits on the right of the cutoffs (B). The effects on the rate of special referral is slightly positive

(C) and on the per capita home hospitalization is practically nule.

6 Estimates for own FPM effects

All models are estimated with and without control. We focus on the first three population

cutoffs (c1=10,188.5; c2=13,584.5; and c3= 16,980.5). Additionally, to determine whether the

results differ for each of the three cut-offs, the models are estimated considering the three points

of discontinuity together and then the first, second and third thresholds separately.

6.1 Mortality, morbidity and ambulatory

We first present the results for mortality, morbidity, and ambulatory. Table 2 shows the estimates

when we take municipalities with score fewer than 10%, 5% and 1%, considering the 3 thresholds

together. We estimate 2SLS and 2SLS with Fixed Effect regressions for each of the health

dependent variable.

There is a significant impact on mortality rate in almost all the specifications, ranging from

0.19% to 0.24% from each 1% increase in per capita FPM. Morbidity rate tends to decrease due
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Figure 5: Discontinuity test for program PSF outcome variables

Source: DATASUS. Elaborated by the authors. Note: Calonico et al (2014b)’s fourth order
polynomial estimator. Each dot represents the variable sample average in a given bin.

to FPM, more than 0.3%, but this result is less robust when use FE. Also, there is a positive

impact on ambulatory consultations - 0.46% to 0.84%

We consider the impacts at each threshold separately in Table 3, estimated using Fixed

Effect with Instrumental Variable (FE-IV). We find that the positives effects on the mortality

rate (0.23%) and negative on morbidity rate (-0.23%) are concentrated in the group of cities

with more population, near threshold 3. The impact on ambulatory consultations is positive

(0.34%) in cities of this group. There is also a positive impact on mortality rate (0.19%) and on

ambulatory consultations per capita (0.68%) in cities near the first threshold.

6.2 Preventive measures

There are significant impacts on the preventive measures when we consider all the thresholds

together in Table 2. The results are robust to different distances from thresholds. In general,

the estimates are even bigger when we consider 2SLS with FE. The effects are positive on the

number of inhabitants registered on PSF (near 0.35%) and total PSF visits (0.95%). Most of

the increase in the total visits are due to the increase in the number of doctor (0.94%) and nurse

visits (1.12%). Also, there is a strong increase in the number of medical referral for specialized

treatment (1.64%). Despite these results, there is a significant and negative impact on the
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Table 2: FPM impacts on health outcomes - aggregate thresholds
distance - thresholds 10% 5% 1% 10% 5% 1% 10% 5% 1%

general health

mortality morbidity ambulatory
FPM IV 0.30*** 0.20*** 0.25* -0.41*** -0.31*** -0.53** 0.84*** 0.84*** 0.46**

(0.05) (0.07) (0.14) (0.06) (0.08) (0.21) (0.08) (0.11) (0.21)

FPM FE-IV 0.19*** 0.24*** 0.18 -0.05** 0.03 -0.08 0.52*** 0.49*** -0.15
(0.02) (0.04) (0.16) (0.02) (0.04) (0.13) (0.05) (0.08) (0.3)

obs. 5188 2573 547 5188 2573 547 5169 2563 546

PSF visits

PSF users total doctor
FPM IV 0.08 0.04 0.14 0.55*** 0.97*** 1.57*** 0.30* 0.43* 0.62

(0.05) (0.06) (0.15) (0.17) (0.23) (0.48) (0.17) (0.23) (0.47)

FPM FE-IV 0.36*** 0.35*** -0.32 1.10*** 0.95*** 0.66 0.75*** 0.94*** 0.2
(0.03) (0.05) (0.4) (0.1) (0.17) (0.73) (0.11) (0.19) (0.78)

obs. 4930 2453 521 4757 2367 505 4596 2292 483

nurse other other college
FPM IV 0.31** 0.74*** 1.21*** 1.05*** 1.29*** 1.16 0.84*** 1.25*** 2.12***

(0.16) (0.21) (0.43) (0.3) (0.41) (0.88) (0.19) (0.26) (0.56)

FPM FE-IV 0.97*** 1.12*** 0.72 1.05*** 0.74* -0.09 1.14*** 0.97*** 0.7
(0.1) (0.17) (0.63) (0.26) (0.45) (1.61) (0.12) (0.2) (0.72)

obs. 4751 2365 505 3513 1748 379 4583 2275 477

preventive actions

vaccination special referee home care
FPM IV -0.28*** -0.24*** -0.27*** 1.97*** 2.20*** 3.50*** -0.88*** -0.64* -0.9

(0.04) (0.05) (0.1) (0.2) (0.28) (0.58) (0.27) (0.37) (0.79)

FPM FE-IV -0.41*** -0.26*** -0.03 1.83*** 1.64*** 0.62 -0.14 -0.06 -0.69
(0.03) (0.05) (0.17) (0.13) (0.23) (0.93) (0.22) (0.39) (1.11)

obs. 5188 2573 547 4518 2240 471 3114 1566 329

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use data from the period

2002-2007.
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Table 3: FPM impacts on health outcomes - by threshold
thresholds (1) (2) (3) (1) (2) (3) (1) (2) (3)

general health

mortality morbidity ambulatory
FPM FE-IV 0.19** 0.08 0.23*** 0.09 0.01 -0.23*** 0.68*** 0.29* 0.34**

(0.09) (0.06) (0.08) (0.08) (0.06) (0.07) (0.17) (0.15) (0.16)
obs. 888 877 797 888 877 797 883 875 794

PSF program

PSF users total doctor
FPM FE-IV 0.36*** 0.27*** 0.12 1.59*** 0.54* 0.83*** 1.80*** 0.45 0.67*

(0.07) (0.07) (0.14) (0.36) (0.32) (0.31) (0.4) (0.34) (0.38)
obs. 842 830 770 820 792 744 807 760 714

nurse college high
FPM FE-IV 2.00*** 0.61** 0.88*** 0.15 1.06 1.1 1.20*** 0.80** 0.92**

(0.38) (0.3) (0.3) (0.76) (0.84) (0.97) (0.38) (0.39) (0.37)
obs. 819 791 744 604 567 567 806 751 707

preventive actions

vaccination special referral home care
FPM FE-IV -0.34*** -0.31*** -0.52*** 1.72*** 2.19*** 1.89*** 0.08 -0.11 -0.2

(0.1) (0.08) (0.08) (0.48) (0.41) (0.4) (0.64) (0.62) (0.96)
obs. 888 877 797 775 757 698 539 539 480

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 5%.

We use data from the period 2002-2007.

number of per capita vaccination doses (0.26%).

We see in Table 3 that most of the increase on the preventive measures are concentrated in

small towns, specially near the first threshold. The positive impacts on cities near threshold

3 occurs on the total number of PSF visits (0.83%), nurse visits (0.88%) and PSF medical

referral (1.89%). The increases on doctors and nurses visits are bigger in cities near the first

threshold, 1.8% and 2%, respectively, while the effect on medical referral is bigger at threshold

2, 2.19%. Overall, the results suggest that the small cities spend better the money for public

health, specially on preventive actions, and that the health conditions are worst in the group of

more population due to the FPM.

6.3 Alternative specification

We present an alternative estimation in each we use the methodology in Litschig and Morrison

(2013) and data from 2002-2007. We use a similar strategy than Litshig and Morrison (2013)

but different period (2002-2007 instead of the eighties) and state-trend (as in Rocha and Soares,

2010) as control variables. We do not find significant impacts on mortality, but a reduction

in morbidity rate (near 0.2%). This suggests that unconditional transfers may have a limited

impact on mortality in small municipalities in Brazil but they seem to reduce morbidity, as we
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have estimated previously.

We use the specification in Litschig and Morrison (2013) to estimate the overall impact in

municipalities near one of the three thresholds:

Yi = τ1[scorei > 0]1p +

3∑
j=1

{[βj0scorei + βj1score× 1[scorei > 0]]1jp

+αj [segθ−1 < populationi ≤ segθ]1jp}+ µXi + σSiTi + ϕi

where:

1p = 11p + 12p + 13p;

1jp = 1[cj(1− p) < populationi < cj(1 + p)];

cj = {10, 188.5; 13, 584.5; 16891.5};

j = {1, 2, 3};

p = {0.5%, 1.5%, 2%, 2.5%}.

Yi is an indicator of health or preventive measure in city i; τiseffectoftreatment;Xi are

the control variables; SiTi is a non-linear trend interaction of state (Si) and year (T) dummies.

segθ denote the four integers (7,500, 11,800, 15,100, and 23,772) that partition the population

support into three segments, indexed by θ = {0, 1, 2, 3}. The β’s are state fixed effect for the

score and for the interaction between the score and a dummy equal one if scorei > 0 for each

of the segments. ϕi is the error term. We estimate a sharp RDD using observations within

successively larger neighborhoods (larger p) around the cutoff in order to assess the robustness

of the results.

The effects are very lower than estimated previously, and very less robust. The significant

estimates occurs when we use municipalities closer than 0.5% from one of the thresholds, which

can be considered a very robust specification (Lee and Lemieux, 2010). We summarize these

results in Table 7 of Appendix E. We find a 0.2% negative impact, significant at 1%, on the

morbidity rate in the regressions considering the three thresholds together and without the state

trend control. This estimate raises to 0.26% when we add the state trend control, and in this

case there is a negative effect on the ambulatory consults, -0.26%4.

4Considering each threshold separately, the only robust effect at 5% is a 0.57% reduction on the number of
per capita ambulatory consultations in the cities near the third threshold, without the controls.
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We lead to the supplementary material the estimates in which we apply the Litschig and

Morrison (2013)’s methodology to a more extensive period of time, 2002 to 2010, and considering

the thresholds together and separately. Overall, the Litschig and Morrison (2013)’s estimates

confirm a negative impact on the morbidity rate and a positive impact on PSF program, specially

on the number of residents registered in PSF and on the total number of PSF visits, and on the

number of doctors and nurses’ visits.

There are some issues about using the sharp RDD to estimate the FPM impacts. In fact,

the possibility of deniers is very low. For another side, the treatment is heterogeneous across

the states (each one has a different coefficient) and the years (the national amount varies), so it

is hard to have a clear interpretation of a treatment dummy. Brollo et al (2013)’s methodology

allows to estimate the effect of a marginal increase of 1% in per capita FPM on health outcomes,

considering also the theoretical FPM as instrument in a first stage, which is very important due

to the declaration errors in FINBRA.

7 Spillovers on health system

7.1 Health outcomes

In this section, we estimate the effect of the own FPM and the neighbors’ FPM jointly. For

this, we use in our sample cities near of the thresholds with neighbors near different thresholds.

We control for the both FPM in our main regression, to disentangle the direct and indirect (the

spillover) effect on the public health system.

Firstly, Table 4 repeats the estimation for FPM impacts, but considering in our sample

only cities near one of the thresholds that have neighbors near one of the others. The results

are similar to the previously estimated. There is an 0.22% increase on morbidity due to 1%

increase in FPM. The morbidity rate reduces again, an elasticity of -0.17% at the threshold

3, but increases 1% at threshold 4. The ambulatory consultation rate also increases at all the

thresholds. There is an increase in PSF users and a strong increase in the total of PSF visits,

specially at the first the fourth thresholds, 1.81% and 2.46%, respectively, but the small towns

increase more the visits with a doctor (2.24%), while in the bigger town the visits with a college

degree (8.66%)and high school professionals (2.42%) increase more. Also, there is a reduction

in the vaccination coverage.
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Table 4: FPM impacts on health outcomes - controlling for cities i with neighbors j near the
thresholds
thresholds (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

general health

mortality morbidity ambulatory

FPMi 0.22** 0.28*** 0.35*** 0.22** -0.11 -0.16** -0.17** 1.01*** 0.28* 0.29* 0.54*** 0.57***
(0.1) (0.07) (0.07) (0.09) (0.08) (0.07) (0.07) (0.14) (0.16) (0.17) (0.13) (0.15)

obs 1169 982 901 542 1169 982 901 542 1162 973 900 542

PSF program

PSF users total doctor

FPMi 0.47*** 0.43*** 0.35*** 0.79*** 1.81*** 0.69** 0.63*** 2.46*** 2.24*** 0.45 0.71*** 0.34
(0.1) (0.07) (0.1) (0.18) (0.44) (0.28) (0.22) (0.47) (0.52) (0.34) (0.28) (0.42)

obs 1107 948 891 511 1086 914 858 510 1060 873 843 499

nurse college high

FPMi 1.93*** 0.49* 0.75*** 1.68*** -1.06 2.61*** 1.15 8.66*** 0.43 1.30*** 0.80*** 2.42***
(0.41) (0.28) (0.23) (0.43) (1.06) (0.7) (0.8) (1.91) (0.46) (0.42) (0.27) (0.52)

obs 1086 914 858 508 783 629 672 372 1057 866 837 493

preventive actions

vaccination special referral home care

FPMi -0.33*** -0.13* -0.36*** -0.44*** 2.19*** 1.65*** 1.62*** 0.75 -1.31* -1.91*** 0.63 1.95
(0.1) (0.08) (0.08) (0.12) (0.52) (0.37) (0.34) (0.62) (0.79) (0.61) (0.73) (1.2)

obs 1169 982 901 542 1025 869 826 487 665 608 576 341

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.

In Table 5 we add the neighboring municipalities’ FPM in the regressions. The majority

of estimates for city j’s FPM pn city i’s health outcomes are negative. The exceptions are the

spillover effect on PSF with a college degree professional at threshold 3 and the effects on special

referral when i is close to threshold 3 or 4 and also on the total PSF visits at threshold 3. The

negative effect on mortality are no more significant, but it is still positive at threshold 4, and

there is negative effects of neighbor j’ FPM on city i’s morbidity, specially when i is at threshold

4 and j is smaller.

Also, there is a negative spillover on mortality, but the impacts are very reduced. The

negative effects on vaccination are no more significant, but there is a negative spillover on it.

There is a strong and negative FPM spillover on the total of PSF visits for the biggest cities and

on the total of visits with a doctor, indicating that the cities may compete for these professionals.

In Table 6 we present the estimates for the spillover effect from city j’s FPM on city i’s health

outcomes, controlling for j at each of the 4 thresholds. We control neighbors j near each one of

the thresholds and city i near one of the others thresholds, different than j. The estimates are

in general positive and similar to the effects of FPMi, due to the correlation between i and j’s

FPMs. The effects on vaccination, as occurs with the i’s FPM impact.
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Table 5: FPM spillover effect on neighboring cities’ health outcomes - controlling for city i’s
thresholds
i’s thresholds (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

general health

mortality morbidity ambulatory

FPMi 0.0021** 0.0017*** 0.0026*** 0.0016 -0.01 -0.0009 -0.0018 0.13*** 1.55 3.33** 4.56** 3.95
(0.0009) (0.0005) (0.0005) (0.0014) (0.01) (0.01) (0.01) (0.04) (2.62) (1.67) (1.79) (4.71)

FPMj -0.0015** -0.0009* -0.0019*** -0.0006 -0.01 -0.01** -0.03** -0.11*** 1.96 -0.59 1.34 1.14
(0.0007) (0.0005) (0.0006) (0.0015) (0.01) (0.01) (0.01) (0.04) (2.07) (1.74) (2.02) (5.06)

obs 1169 982 901 542 1169 982 901 542 1162 973 900 542

PSF program

PSF users total doctor

FPMi 0.44*** 0.44*** 0.61* 0.61* 0.23 0.73*** -0.19 1.71*** 0.32*** 0.13*** -0.02 0.05
(0.15) (0.07) (0.31) (0.31) (0.45) (0.16) (0.13) (0.54) (0.08) (0.04) (0.02) (0.06)

FPMj -0.12 -0.15* -0.19 -0.19 0.14 -0.46*** 0.38** -1.36** -0.22*** -0.12*** 0.02 -0.07
(0.11) (0.08) (0.34) (0.34) (0.36) (0.17) (0.15) (0.58) (0.06) (0.04) (0.02) (0.06)

obs 1107 948 511 511 1169 982 901 542 1060 873 843 499

nurse college high

FPMi 0.19** 0.20*** -0.02 0.11 -0.66** 0.25*** -0.21*** 1.51** -0.03 0.36*** -0.11 0.23
(0.09) (0.05) (0.04) (0.08) (0.3) (0.07) (0.06) (0.65) (0.46) (0.08) (0.08) (0.16)

FPMj -0.04 -0.13** 0.06 -0.05 0.46* -0.14* 0.23*** -1.27* 0.22 -0.17** 0.09 -0.11
(0.06) (0.05) (0.04) (0.08) (0.23) (0.08) (0.07) (0.66) (0.35) (0.08) (0.09) (0.18)

obs 1086 914 858 508 783 629 672 372 1057 866 837 493

preventive actions

vaccination special referral home care

FPMi -0.04 0.18* -0.18 0.16 0.06** 0.04*** -0.01 -0.05 -0.02** -0.01 -0.0010 0.0035
(0.19) (0.11) (0.13) (0.34) (0.03) (0.01) (0.02) (0.04) (0.01) (0.01) (0.0042) (0.0036)

FPMj -0.34** -0.40*** -0.23 -0.62* 0 0 0.04** 0.09** 0.01 -0.0037 0.0039 -0.0023
(0.15) (0.12) (0.14) (0.36) (0.02) (0.01) (0.02) (0.04) (0.01) (0.01) (0.0047) (0.0046)

obs 1169 982 901 542 1025 869 826 487 665 608 576 341

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.
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Table 6: FPM spillover effect on neighboring cities’ health outcomes - controlling for j’s
thresholds
j’s thresholds (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

general health

mortality morbidity ambulatory

FPMj 0.07 0.06 0.04 -0.03 -0.20*** -0.15*** -0.18*** -0.25*** 0.55*** 0.35*** 0.19 0.36*
(0.07) (0.06) (0.06) (0.1) (0.07) (0.05) (0.05) (0.09) (0.14) (0.09) (0.12) (0.21)

obs 1638 1439 1223 736 1638 1439 1223 736 1632 1436 1218 732

PSF program

PSF users total doctor

FPMj 0.25*** 0.24*** 0.25*** 0.05 0.99*** 1.21*** 1.13*** 1.53*** -0.07 0.78*** 0.68** 0.35
(0.09) (0.08) (0.06) (0.08) (0.28) (0.25) (0.25) (0.44) (0.33) (0.25) (0.29) (0.48)

obs 1599 1386 1180 693 1547 1326 1141 680 1499 1271 1105 661

nurse college high

FPMj 0.66** 1.15*** 0.98*** 1.38*** 2.29*** 2.26*** 1.02 4.50*** 1.38*** 0.90*** 1.68*** 2.05***
(0.26) (0.25) (0.24) (0.4) (0.81) (0.65) (0.66) (1.18) (0.39) (0.22) (0.33) (0.52)

obs 1546 1324 1139 680 1148 988 833 492 1484 1280 1105 655

preventive actions

vaccination special referral home care

FPMj -0.52*** -0.33*** -0.53*** -0.48*** 1.67*** 1.71*** 1.55*** 1.95*** -0.24 0.05 -2.17*** -0.19
(0.09) (0.06) (0.07) (0.1) (0.38) (0.29) (0.32) (0.51) (0.77) (0.58) (0.57) (0.85)

obs 1638 1439 1223 736 1490 1244 1087 644 1009 876 726 454

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.

We add the cities i at different thresholds in Table 7. The results confirm and helps to

explain the results in Table 5. The spillover effects are negative on morbidity, total of PSF visits

and on doctor, nurse and college degree visits, specially when the city j is small. Also, there is

a negative effect on the number of people registered in PSF when j is at threshold 4, and on the

vaccination coverage, when j is at threshold 3.

7.2 Health resources and professionals

We extend our analysis to health goods publicly provided - number of hospitals, health center

for primary care and hospital beds - and to health professionals - number of doctors, nurses,

professionals. All these variables are taken per capita. The estimates present the same evidence

for negative spillover in health spending. Table 8 presents the estimated impacts of FPM

on health professionals. The regressions without controlling for spillover shows positive and

significant effects on the per capita number of nurses (1.3% at threshold 1) and on the per

capita number of PSF teams (2.13% at threshold 4). Whem we add the neighbors’ FPM, the

spillover on the number of doctors is negative (-1% at threshold 2), while the effects on nurses
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Table 7: FPM spillover effect on neighboring cities’ health outcomes - controlling for j’s
thresholds
j’s thresholds (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

general health

mortality morbidity ambulatory

FPMi 0.0021*** 0.0017*** 0.0014*** 0.0026* 0.03*** 0.01 0.01 -0.02 5.83*** 5.77*** 5.38*** 3.69
(0.0005) (0.0004) (0.0005) (0.0014) (0.01) (0.01) (0.01) (0.02) (1.55) (1.26) (1.7) (5.14)

FPMj -0.0013** -0.0010** -0.0009* -0.0020 -0.04*** -0.02*** -0.01*** 0.01 -0.79 -0.48 -1.07 0.47
(0.0007) (0.0004) (0.0005) (0.0014) (0.01) (0.01) (0.01) (0.02) (1.94) (1.27) (1.55) (5.16)

obs 1638 1439 1223 736 1638 1439 1223 736 1632 1436 1218 732

PSF program

PSF users total doctor

FPMi 0.48*** 0.37*** 0.35*** 0.78*** 0.66*** 0.03 1.02*** -0.67 0.10*** -0.01 0.14*** 0.21**
(0.08) (0.07) (0.08) (0.22) (0.15) (0.1) (0.3) (0.5) (0.03) (0.02) (0.04) (0.1)

FPMj -0.21** -0.04 -0.06 -0.52** -0.57*** 0.20* -0.57** 1.01** -0.14*** 0.01 -0.10*** -0.21**
(0.1) (0.07) (0.07) (0.22) (0.19) (0.1) (0.27) (0.51) (0.04) (0.02) (0.04) (0.1)

obs 1599 1386 1180 693 1638 1439 1223 736 1499 1271 1105 661

nurse college high

FPMi 0.10*** 0.05* 0.24*** 0.06 0.29*** -0.04 0.37*** -1.49** 0.20** -0.05 0.53* -0.18
(0.04) (0.03) (0.06) (0.1) (0.07) (0.05) (0.11) (0.6) (0.09) (0.05) (0.3) (0.17)

FPMj -0.10** 0.02 -0.11** 0.02 -0.27*** 0.01 -0.28*** 1.70*** -0.12 0.14*** -0.25 0.29*
(0.05) (0.03) (0.05) (0.1) (0.09) (0.05) (0.09) (0.63) (0.11) (0.05) (0.25) (0.17)

obs 1546 1324 1139 680 1148 988 833 492 1484 1280 1105 655

preventive actions

vaccination special referral home care

FPMi -0.07 -0.15 -0.07 -0.02 0.05 0.03** 0.04*** 0.01 0.0027 -0.01** -0.0013 0.01***
(0.13) (0.1) (0.12) (0.29) (0.15) (0.01) (0.01) (0.05) (0.01) (0.01) (0.0048) (0.01)

FPMj -0.34** -0.18* -0.43*** -0.38 0.1 0.03** 0.01 0.01 -0.01 0.01 -0.0044 -0.01**
(0.16) (0.1) (0.11) (0.29) (0.19) (0.01) (0.01) (0.05) (0.02) (0.01) (0.0044) (0.0048)

obs 1638 1439 1223 736 1490 1244 1087 644 1009 876 726 454

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.
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and PSF team are even larger (2.29% and 3.28% at threshold 4).

Table 8: FPM spillover effect on the number of health professionals in neighboring cities -
controlling for i’s thresholds

only own FPM control for spillover

doctors nurses health professionals PSF teams doctors nurses health professionals PSF teams

threshold 1
FPMi -0.03 1.30*** 0.60*** 1.08*** 0.08 1.46*** 0.62** 0.77*

(0.3) (0.25) (0.23) (0.34) (0.36) (0.3) (0.27) (0.41)
FPMj . . . . -0.12 -0.37* -0.07 0.48*

. . . . (0.23) (0.21) (0.18) (0.27)
obs. 645 678 686 627 645 678 686 627

threshold 2
FPMi 0.36* 1.18*** 1.18*** 1.91*** 0.75*** 0.98*** 1.24*** 1.59***

(0.21) (0.22) (0.27) (0.29) (0.24) (0.25) (0.3) (0.31)
FPMj . . . . -1.00*** 0.61** -0.12 0.94***

. . . . (0.27) (0.27) (0.32) (0.33)
obs. 534 563 570 505 534 563 570 505

threshold 3
FPMi 0.2 0.72*** 0.70*** 1.79*** 0.45* 0.73*** 0.80*** 1.92***

(0.18) (0.16) (0.13) (0.27) (0.24) (0.22) (0.18) (0.35)
FPMj . . . . -0.49* -0.02 -0.18 -0.23

. . . . (0.27) (0.23) (0.2) (0.4)
obs. 532 540 552 528 532 540 552 528

threshold 4
FPMi -0.23 1.04*** -0.11 2.13*** 1.44 2.29*** 0.72 3.28***

(0.32) (0.27) (0.23) (0.36) (0.93) (0.76) (0.62) (1.2)
FPMj . . . . -2.64** -1.98* -1.31 -1.74

. . . . (1.34) (1.11) (0.88) (1.7)
obs. 298 298 302 277 298 298 302 277

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.

In Table 9, we see positive effects on the number of hospitals, health centers and hospital

beds (0.48%, 0.39% and 0.37%, respectively, at threshold 2) without controlling for spillover.

When adding FPMj, the significant spillovers are concentrated at threshold 1: -0.42%, -0.58%

and -0.24%, respectively, reinforcing the negative correlation on health, now on the health

establishments.

Finally, in Table 10 we show a positive effect of an 1% FPM increase on the number of general

(0.76%), pediatric (0.58%) and gynecologic (0.81%) doctors in cities near threshold 2. There are

negative spillover for all specialties, excepts for gynecologists. Overall, there are evidences of

increases in medical specialization due to FPM, but these effects should be marginally greater

if there were no spillovers.

106



7.2 Health resources and professionals 7 SPILLOVERS ON HEALTH SYSTEM

Table 9: FPM spillover effect on the number of health establishments - controlling for i’s
thresholds

only own FPM control for spillover

hospitals health centers hospital beds hospitals health centers hospital beds

threshold 1
FPMi -0.22 0.15 0.02 0.06 0.32 0.21

(0.18) (0.2) (0.1) (0.22) (0.21) (0.13)
FPMj . . . -0.42*** -0.58*** -0.24**

. . . (0.15) (0.16) (0.09)
obs. 179 393 461 179 393 461

threshold 2
FPMi 0.48*** 0.39*** 0.37*** 0.48*** 0.49*** 0.44***

(0.06) (0.09) (0.13) (0.06) (0.1) (0.15)
FPMj . . . 0.01 -0.24 -0.13

. . . (0.11) (0.15) (0.17)
obs. 153 354 468 153 354 468

threshold 3
FPMi 0.38*** 0.29 0.36*** 0.03 0.01 0.52***

(0.12) (0.24) (0.09) (0.22) (0.33) (0.13)
FPMj . . . 0.95* 0.19 -0.32**

. . . (0.53) (0.33) (0.15)
obs. 165 332 497 165 332 497

threshold 4
FPMi -0.01 0.32** -0.03 0.52 0.33 -0.11

(0.47) (0.14) (0.07) (0.89) (0.37) (0.16)
FPMj . . . -3.8 -0.01 0.14

. . . (2.73) (0.48) (0.22)
obs. 80 205 295 80 205 295

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use cities with score < 10%.

We use data from the period 2002-2007.
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Table 10: FPM spillover effect on medical specialization - controlling for i’s thresholds

control for: only own FPM spillover from FPMj

medical specialties general preventive pediatric gynecologic surgeon general preventive pediatric gynecologic surgeon

threshold 1
FPMi 0.43 -0.54 -0.11 -0.36 0.85 0.59 -0.52 0.18 -0.55 1.83

(0.33) (0.36) (0.22) (0.24) (0.73) (0.38) (0.46) (0.27) (0.39) (1.2)
FPMj . . . . . -0.22 -0.02 -0.61** 0.31 -2.56*

. . . . . (0.23) (0.37) (0.29) (0.41) (1.47)
obs. 552 570 148 179 113 552 570 148 179 113

threshold 2
FPMi 0.76*** -0.07 0.58*** 0.81*** 0.24 1.04*** -0.04 1.10*** 0.79*** 0.35

(0.28) (0.25) (0.2) (0.2) (0.57) (0.32) (0.28) (0.35) (0.21) (0.74)
FPMj . . . . . -0.67** -0.18 -0.95* -0.11 -0.05

. . . . . (0.32) (0.34) (0.57) (0.36) (0.76)
obs. 483 471 103 163 123 483 471 103 163 123

threshold 3
FPMi 0.92*** -0.19 -0.19 -0.02 0.48* 0.76** 0.13 0.01 -0.09 0.74**

(0.25) (0.25) (0.26) (0.3) (0.25) (0.34) (0.31) (0.4) (0.46) (0.37)
FPMj . . . . . 0.18 -0.70** -0.2 0.23 -0.57

. . . . . (0.37) (0.35) (0.34) (0.54) (0.49)
obs. 472 495 167 178 181 472 495 167 178 181

threshold 4
FPMi -0.12 0.31 0.61 0.72 -0.11 -0.49 1.65 2.09 1.89 0.61

(0.31) (0.43) (0.41) (0.67) (0.37) (0.73) (1.09) (2.46) (1.6) (0.6)
FPMj . . . . . 0.63 -2.08 -1.74 -1.59 -1

. . . . . (1.05) (1.56) (2.72) (1.3) (0.67)
obs. 274 255 110 129 95 274 255 110 129 95

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis. We use logarithms of per capita FPM and health
outcomes. We use cities with score < 10%. We use data from the period 2002-2007.
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8 CONCLUSIONS

8 Conclusions

FPM is the most important unconditional resource to municipalities, which the politicians can

choice to use in health or another area. One of the principles that underlie the Brazilian public

health system is decentralization. Brazilian cities have legal duty to provide primary health care,

but the conditions to self financing public health are very limited in the cities of our sample.

In this paper, we seek to identify the impacts of the main unconditional resource transferred

to municipalities, the FPM, on public health indicators, as mortality, morbidity and preventive

measures, separating the direct effect of the grant received from the spillovers from neighboring

cities. We explore the discontinuities in the FPM transference according to population brackets

and we choose municipalities and neighbors close to different threshold as a kind of ”double

randomization”.

First, we regress the health outcomes on the own FPM only. We find a robust and negative

effect of own FPM on the morbidity rate, number of vaccination doses and number of medical

referral to home hospitalization; and an increase in the number of PSF visits and ambulatory

consultations. The greatest effects occurs in the PSF number of special referral for specialized

treatment - more than 1% for each 1% increase in per capita FPM. The Family Health Program

seems to be the principal factor that reduced demand for hospitalization, stopping the contagious

of diseases. On the other hand there is an surprising increase in mortality rate, so the mechanism

through which a reduction in morbidity occurs is ambiguous.

We get some insights for this puzzle when we analyze the thresholds separately. We find

negative and significant impacts on morbidity and on mortality at threshold 3. The cities near

threshold 1 invest more on preventive measures due to FPM, specially on the Family Health

Program. The exceptions are the per capita number of special referral in PSF, which is bigger

at threshold 2, and the per capita number of immunization doses, which has a general reduction

for all the thresholds. Also, there is an increase on ambulatory, specially at threshold 1.

These results suggest that small cities invest better the FPM on the public health system. A

possible explanation is that more complex health services to be used in an urgency situation are

more expensive to the small cities of our sample, since health services have very high economies

of scale. Public health managers have more chances to identify effective preventive measures

that reduces morbidity in small cities, indicating a positive effect of delegating to cities this

responsibility. Decentralization may be good to correctly invest the health money, but a stronger
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accountability is necessary to guarantee the population welfare.

We also test for spillover effects between neighboring cities, as the public health care is

organized in an hierarchical network, where the cities with medium population have hospitals

that receive patients from small cities. Overall, the results indicate a strong and negative spillover

effect, specially when the neighbor j is smaller than the city i. The spillover is expressive on

morbidity rate - the own FPM impact is negative when we do not control for spillover and

becomes positive when we control. The negative spillover is caused by the reduction in the

demand in big towns’ hospitals due to the preventive measures in small towns. There are

negative spillovers on preventive actions, as vaccination doses, total number of PSF visits and

number of doctor visits, which suggest the free-rider problem in the health system.

The negative correlation between FPM effects on health outcomes may be enhanced by the

strategic interaction between mayors and public health managers. In the situation of free rider,

managers can hold investments to force neighbors’ investment. The balance of this interaction

can be overall inefficiency, leading to the under provision of health goods. In fact, we estimate

the FPM effects on health goods publicly provided, and we find negative spillover on the number

of doctors, nurses and hospital beds in the neighboring cities, showing that the spillover effect

on the reduction of the morbidity is caused by a deliberate cut on the number of beds, that

is, by the supply side. The increase in the mortality rate suggest that big cities in our sample

reduce hospitalization services not only due to increases on preventive measures and primary

care in small cities and the consequent reduction in the demand for health services, but also to

effectively force the small towns to make the investment on preventive measures. This free-rider

problem generates an inefficiency, as there is under provision of hospitalization.
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submitted to the Department of Economics, University of Brasilia as a requirement
for obtaining a Master’s Degree in Public Sector Economics.

[5] Baicker, K., Chernew, M., Robbins, J. (2013). The spillover effects of Medicare
managed care: Medicare Advantage and hospital utilization. Journal of Health
Economics. Volume 32, Issue 6, Pages 1289–1300

[6] Bazu, A., Meltzer, D. (2005). Implications of spillover effects within the family
for medical cost-effectiveness analysis Journal of Health Economics. Volume 24,
Issue 4, Pages 751–773

[7] Bobinac, A., van Exel, N. Rutten, F. Brouwer, W. (2010). Caring for and caring
about: Disentangling the caregiver effect and the family effect Journal of Health
Economics. Volume 29, Issue 4, Pages 549–556

[8] Brollo, F., Nannicini, T., Perotti, R. and Tabellini, G. (2013). The Political
Resource Curse. American Economic Review, 103(5), 1759-1796.

[9] Calonico, S., Cattaneo, M. and Titiunik, R. (2014a). Robust nonparametric
confidence intervals for Regression-Discontinuity Designs. Econometrica, 82(6),
2295–2326.

[10] Calonico, S., Cattaneo, M. and Titiunik, R. (2014b). Robust data-driven inference
in the Regression-Discontinuity Design. Stata Journal, 14(4), 909-946.

[11] Carande-Kulis, V., Getzen, T., Thacker, S. (2007). Public Goods and
Externalities: A Research Agenda for Public Health Economics Journal of Public
Health Management Practice. Volume 13 - Issue 2 - p 227–232

[12] Castro, M., Mattos, E., Regatieri, R. (2015). Fiscal interactions and spillover
effects of a federal grant to Brazilian municipalities. Working paper Escola de
Economia de São Paulo (EESP-FGV)

[13] Chandra, A., Staiger, D. (2007). Productivity spillovers in healthcare: evidence
from the treatment of heart attacks. The journal of political economy. 115:103-140.

[14] Channa, A., Faguet, J. (2012). Decentralization of health and education in
developing countries: a quality-adjusted review of the empirical literature.
Economic Organization and Public Policy Discussion Papers, EOPP 38. London,
UK, STICERD.

[15] Duarte, A. J., Silva, A. M., Luz, E. M., Gerardo, J. C. (2009). Transferências
Fiscais Intergovernamentais no Brasil - Avaliação das Transferências Federais,
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A FPM LAW COEFFICIENTS

Appendix

A FPM Law coefficients

Table 11: FPM State coefficients

UF (%) UF (%)

Acre 0,3 Paráıba 3,2
Alagoas 2,1 Paraná 7,3
Amapá 0,1 Pernambuco 4,8
Amazonas 1,2 Piaúı 2,4
Bahia 9,3 Rio de Janeiro 2,7
Distrito Federal 0,0 Rio Grande do Norte 2,4
Ceará 4,6 Rio Grande do Sul 7,3
Esṕırito Santo 1,8 Rondônia 0,7
Goiás 3,7 Roraima 0,1
Maranhão 4,0 Santa Catarina 4,2
Mato Grosso 1,9 São Paulo 14,3
Mato Grosso do Sul 1,5 Sergipe 1,3
Minas Gerais 14,2 Tocantins 1,3
Pará 3,3 TOTAL 100,0

Source: Ministério da Fazenda (2012a).

Table 12: FPM coefficient according to population brackets – inland cities

Range Coefficient Range Coefficient

Up to 10,188 0.6 61,129 to 71,316 2.4
10,189 to 13,584 0.8 71,317 to 81,504 2.6
13,585 to 16,980 1 81,505 to 91,692 2.8
16,981 to 23,772 1.2 91,693 to 10,1880 3
23,773 to 30,564 1.4 101,881 to 115,464 3.2
30,565 to 37,356 1.6 115,465 to 129,048 3.4
37,357 to 44,148 1.8 129,049 to 142,632 3.6
44,149 to 50,940 2 142,633 to 156,216 3.8
50,941 to 61,128 2.2 More than 156,216 4

Source: Ministério da Fazenda (2012a).
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B Health outcomes description
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Table 13: Variables definition

Variable Theme/description Source

mortality Number of deaths by age groups DATASUS
less 1 Mortality among individuals younger than one year on this population
1 to 4 Mortality among individuals from 1 to 4 years on this population
5 to 14 Mortality among individuals from 5 to 14 years on this population
15 to 29 Mortality among individuals from 15 to 29 years on this population
30 to 59 Mortality among individuals from 30 to 59 years on this population
more 60 Mortality among individuals of 60 years or more on this population

Morbidity Hospitalizations on the population DATASUS
Vaccination Number of vaccination doses DATASUS
Outpatient Outpatient services DATASUS

PSF variables Family Health Program
home care number of home hospitalization DATASUS
specialized care Number of medical referrals to specialized treatment DATASUS
PSF visit Number of PSF home visits by medical professional degree DATASUS
doctor Number of medical’s professional visits
nurse Number of nurses’ professional visits
college Number of visits by health professionals with college degree
high Number of visits by health professionals with high school degree

FPM Real value of received FPM FINBRA
budget spending Real value of budget spending FINBRA
health spending Real value of health spending FINBRA
population Local population used to calculate the FPM share FINBRA

Source: DATASUS. All the variables are considered as the proportion of the city population.118



C MCCRARY (2008)’S FORCING VARIABLE DISCONTINUITY TEST BY YEAR

C Mccrary (2008)’s forcing variable Discontinuity test
by year

Figure 6: Mccrary (2008) forcing variable Discontinuity test by year

Source: FINBRA. Elaborated by the authors.
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D LOCAL POPULATION HISTOGRAM BY YEAR

D Local population histogram by year

Figure 7: Local population histogram: 2002 - 2006

Source: FINBRA. Elaborated by the authors.
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E LITSCHIG AND MORRISON (2013)’S SPECIFICATION

E Litschig and Morrison (2013)’s specification

Table 14: FPM impacts on Health - sharp RDD

mortality morbidity ambulatory vaccination

without control
1[score > 0] -0.04 -0.20** -0.18 -0.04

(0.08) (0.1) (0.14) (0.05)
control
1[score > 0] -0.08 -0.26*** -0.25** -0.01

(0.07) (0.1) (0.12) (0.05)
obs. 399 399 399 399

PSF users PSF visits doctor nurse

without control
1[score > 0] -0.01 0.24 0.28 0.27

(0.08) (0.3) (0.29) (0.27)
control
1[score > 0] 0.01 0.19 0.22 0.26

(0.09) (0.32) (0.33) (0.29)
obs. 248 358 333 358

college high school special referral home care

without control
1[score > 0] 0.23 0.24 0.48 0.03

(0.48) (0.33) (0.38) (0.43)
control
1[score > 0] -0.11 0.17 0.37 -0.5

(0.54) (0.36) (0.39) (0.55)
obs. 257 336 329 234

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
We use logarithms of per capita FPM and health outcomes. We use data from the period

2002-2007 and municipalities with |score| < 0.5%.
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Impacts of education spending on municipal schools
and spillovers on state schools and neighboring cities

Marcelo Castro∗†

Abstract

This paper estimates the impact of a compulsory transfer from central to local
governments, the Fundo de Participação dos Munićıpios Municipalities’ Participation
Fund (Fundo de Participação dos Munićıpios - FPM), on the official index of the
primary education quality, IDEB, and on the variables that compose the index:
approval rate and scores on a standardized exam, named Prova Brasil. The
identification hypothesis uses a rule FPM transference to municipalities according
to population brackets, which generates exogenous variation in local revenue to the
estimation of a Regression in a Discontinuity Design (RDD) near the thresholds.
The grant has positive effects on the IDEB, especially on the approval rate in the
first cycle. We find a positive spillover on the test scores in state schools and also
in the municipal schools in neighboring small towns. Spending on health explains
better the variation of IDEB than spending on education, suggesting that some of
the observed effects are due to general improvements in local conditions. Finally,
we estimate the impacts of primary education spending on schools’ resources, using
FPM as instrument, but the results are in general insignificant. Nonetheless, there
are positive impacts on enrollments in municipal schools, while negative in the state
network, indicating that the increase on IDEB may be due to the effort of attracting
new students and avoiding evasion.
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Resumo

Este artigo estima o impacto de uma transferência obrigatória do governo central
para os governos locais sobre o indicador da qualidade da educação básica nesses
munićıpios, o IDEB, e sobre as variáveis que compõe o ı́ndice: taxa de aprovação e
notas em um exame padronizado. A hipótese de identificação explora uma regra de
transferência federal para os munićıpios de acordo com faixas de população, o que
garante uma variação exógena na receita orçamentária municipal para a estimação
de uma Regressão em um Design de Descontinuidade (RDD). Os resultados indicam
que a transferência tem efeitos positivos sobre o IDEB, especialmente sobre a taxa
aprovação do primeiro ciclo. Nós encontramos um efeito positivo sobre as notas da
rede estadual de ensino e também sobre as notas das redes municipais em cidades
pequenas vizinhas, uma evidência de que o aumento da taxa de aprovação pode
ocorrer via atração de alunos para a rede municipal. O gasto em saúde explica
melhor a variação do ı́ndice do que o gasto em educação, sugerindo que parte dos
efeitos encontrados são devidos a melhoras gerais nas condições sociais das cidades.
Por último, estimamos os impactos dos gastos com educação primária sobre os
recursos das escolas, utilizando como instrumento o FPM, mas os resultados foram,
em geral, insignificantes. No entanto, há um impacto positivo sobre as matŕıculas
nas escolas municipais e negativo na rede estadual, indicando que o aumento no
IDEB pode ser devido ao esforço de atrair novos alunos e evitar a evasão escolar.

Palavras-chave: Avaliação de programas públicos, Economia da Educação, Economia
Urbana
Classificação JEL: H52, H77, I22, I28.



1 INTRODUCTION

1 Introduction

In recent years, the debate on the need to increase public spending on education

was intensified in Brazil. This defense has led to the adoption of National Education

Plan (PNE - PL 8035/10) by National Congress, which stated that the spending on

education, as a percentage of the GDP, would be at least 10% in ten years (Law 13005,

2014). There is controversy, however, if the increase on education spending is sufficient

to increase its quality. On the other hand, federal government publicly released in 2007

a standard national index for the basic education accountability, the Primary Education

Development Index (́Indice de Desenvolvimento da Educação Básica - IDEB), calculated

for all Brazilian elementary schools and also for the municipal public schools jointly. The

index is calculated from the passing rate and the scores of students in a national exam,

Prova Brasil (Fernandes, 2007).

We use a Regression Discontinuity Design (RDD) to identify the causal effect of the

main grant to Brazilian municipalities, the Municipaties’ Participation Fund (Fundo de

Participação dos Munićıpios - FPM, in Portuguese), on municipal schools outcomes, ando

also the spillovers on state schools and on the neighboring cities. FPM is transferred

to municipalities according to certain population brackets, which generate exogenous

variations on local expenditures near the thresholds. In general, our robust estimations

shows that 1% extra FPM causes an increase of near 0.6% in IDEB of the first cycle of

primary education. Most of the impacts on first cycle IDEB are due to strong increases

in the approval rates (near 20%). Also for the first cycle, there are positive spillover

elasticities of the municipal grant on local state schools’ IDEB (more than 0.4%) and on

municipal schools’ IDEB from neighboring small towns (near 0.6%).

There are several evidences, using the quasi-experimental strategy, that FPM impacts

on local spending, especially on education and health (Brollo et al, 2013; Arvate et al,

2013). Primary education is the education area which spending increases the most, as the

municipalities are juridically responsible for this level of teaching. There is little evidence

however on significant public spending effects on IDEB. Menezes-Filho and Amaral (2008),

for example, used panel data of Brazilian municipalities to estimate this effect, but

the identification hypothesis was not robust to estimate a causal impact. Chaudhary

(2009) do not find positive significant effect of per student spending on performance

measured by standardized tests. However, these results do not show conclusively that

per student spending does not affect student achievement. Thus, the simple increase on

per student spending does not guarantee better performance because this effect depends

on the combination of various inputs and practices adopted (Hanushek, 1989). Joint

deployment of different policies within an educational sphere may cause adverse impacts.

Litschig and Morrison (2013) find positive effects of FPM on literacy rate and years of

schooling, but the authors do not consider spillover effects and data are from the period
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1982-1985. The authors argue that a bigger budget expenditures may result on higher

quality of education, through increased spending on education, but also by spending on

areas such as health, child education and transportation - which may indirectly impact

on student cognitive capacity. Healthier children, for example, have better conditions to

have a good academic performance. A good public transportation system, on the other

hand, can reduce the cost of access to school.

In this context, we find that health spending explain more the variation in IDEB

than the education spending. Families’ health conditions are important to explain test

scores and evasion, specially in the first cycle. In Brazil, most studies coincide with the

international literature that highlights the family background as the major determinant of

years of schooling and cognitive learning (Barros et al, 2001; Menezes-Filho and Amaral,

2008; Diaz, 2012).

The Brazilian literature of education determinants is inconclusive. Menezes-Filho and

Pazzello (2007) find no significant impact of the primary education spending on learning in

the fourth and eighth grades of primary education, unless for cities with greatest scores in

the fourth grade, and there is indirect evidence that this occurred due to school and teacher

improvements. Rocha et al (2013) find inefficiency in the education spending among

Brazilian municipalities. The authors estimate that 40,1% to 47,3% of the educational

resources are wasted, assuming, respectively, variable and constant return to scale. Betts

(1996) analyzes many empirical papers for USA and does not find a consensus for school

spending on educational attainment. According to the author, this indicates that part of

the increase in education expenditures may raise teachers and school employee’s wages,

but may not impact on teaching quality, because of the great power of the syndicates,

and also due to great differences in teaching quality within each school, as pointed by

Rivkin et al (2005). Glewwe et al (2011) makes a revision of the literature and do not

find robust evidences of education spending on most of the schools’ resources and on

learning, considering the underdeveloped countries.

Considering the education spending effects on IDEB, Diaz (2012) does not find impacts

of municipal education spending on 2005 IDEB (Basic Education Development Index), as

Menezes-Filho and Amaral (2008), who also use 2007 and 2009 IDEB. Using a quantile

regression, the authors find that cities that benefit from spending increases are those with

higher fourth grade scores. Also in Brazil, family background is strongly correlated with

the average schooling in years of study . Furthermore, the quality of educational services

do not seem to explain school attendance (Barros et al, 2001).

We also use information about schools’ resources and teachers’ qualification to measure

the effects of education spending on school resources and teachers’ qualification, using

local FPM as instrument. We do not find significant effects in most of cases, specially

when compared to the corresponding increase in IDEB. The smaller towns of our sample

are the most impacted, specially the rate of schools with garbage collection (0.95%), the
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rate of teachers with a bachelor degree (1.51%) and the rate of teachers who have made

a professional course (1.23%).

Finally, we look to the FPM effects on the enrollments in the municipal network, and

we find expressive impacts, which explaines the increase in approval rates. Also, we find

a decline on enrollments in the state schools, indicating an effort of municipal network to

expand the coverage and avoid evasion. The increase on test scores in state schools may

be due to the change in the selection of students and also to the increase in competition.

There are strong impacts on enrollments in neighboring cities, suggesting that the increase

in the test scores in these areas may be due to the increase on competition. Mattos

and Terra (2015) find evidences that political competition based on IDEB information

leads to correlation among neighboring cities’ spending on education, as predicted by the

asymmetric information model of yardstick competition (Besley and Case, 1995).

We describe in the next section the data used in the regressions. We resume in

section 3 the theoretical literature on school performance determinants and we suggest

a simple model to interpret the estimated effects. Section 4 makes a brief review on the

strategy adopted to identify the causal effect of FPM on IDEB and details the equations

to be estimated. Section 5 analyzes the balancing of pre-treatment education variables to

validate the unconfoundedness hypothesis necessary for causal identification. In section 6

we analyze in detail the results for FPM impacts on IDEB and in section 7 we estimate

the effects of primary education spending on school resources, teacher’s qualification and

enrollments. Finally, in section 8 we make the closing remarks.

2 Data

We use information about FPM shares of Brazilian municipalities with up to 30,000

inhabitants in 2005, 2007, 2009 and 2011 available on Finance System of Brazil (Finanças

do Brasil - FINBRA, in Portuguese) - Accounting Data of Municipalities, of National

Treasury Secretariat (Secretaria do Tesouro Nacional - STN, in Portuguese). The

municipalities has to declare the expenditures on different functions and the amounts

of FPM received to a federal bank, while National Treasury Secretariat (STN) compiles

such information. We update the values in reais (R$) to January of 2014 using the

official rate of inflation - IPCA1, calculated by the federal institute of statistics (Instituto

Brasileiro de Geografia e Estat́ıstica - IBGE, in Portuguese..

Supplementary Law No. 91 of 1997 established a formula applied to the FPM transfers

for part of the municipalities, the financial reducer, which was calculated from 2000 to

2007. The FPM is transferred according to municipal population brackets, but municipalities

that lost population in the 90s had their transfers unchanged. The reducer gradually

adjusted the FPM distributed to those municipalities to the annual population estimated

1Índice Nacional de Preços ao Consumidor Amplo, in Portuguese.
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by the IBGE. We calculate the theoretical FPM value, the amount that should has

been transferred strictly according to the law rules, including the financial reducer, as

an instrument to correct for misdeclaration bias in FPM.

We also use the federal government official index for basic education accountability,

IDEB, calculated for the municipal elementary schools. The index, released in 2007

by Ministry of Education to assess the quality of Brazilian basic schools, is calculated

separately for the first cycle, corresponding to the current first grade to the fifth of primary

education, and for the second cycle, extending from the sixth grade to the ninth. We also

analyze the impact on two variables that compose the index: the approval rate and

the average scores on Portuguese and Mathematics in Prova Brasil exam, an evaluation

created in 1995 under the basic education evaluation system (Sistema de Avaliação do

Ensino Básico - SAEB, in Portuguese.). This test is applied every 2 years to all students of

the fifth and ninth grades, and follows the Item Response Theory (IRT), making possible

to monitor the progress of municipal public schools over the years. The IDEB for each

school is calculated by multiplying the performance indicator (indicator constructed from

the passing rate) by the average score of the grades evaluated in Prova Brasil, the fourth

and eighty grades2. The IDEB was calculated for the years 2005, 2007, 2009 and 2011.

However, there is evidence that this is not a good indicator of the education quality

offered by the school, the school-effect, because the index is quite correlated with the

socioeconomic characteristics of the students’ families (Alves and Soares, 2012, 2013a;

Portela and Curi, 2012). Thus, its efficiency as a form of accountability to encourage

competition between schools is limited (Alves and Soares, 2013a, 2013b). We must

consider that the indicator represents the interaction between various factors that affect

learning, such as family background and the characteristics of schools and education

management in a city.

Information about schools conditions and teachers qualification in the municipal

education system was collected from the School Census Survey (Censo Escolar, in Portuguese)

conducted annually by the Ministry of Education in all primary schools in the country. We

collect variables on physical characteristics of schools, those relating to school infrastructure,

such as the presence of library, laboratories, gym, and access to the sewage, water, internet

and light systems. We also use information on the teaching staff, as the number of teachers

and their qualification, that is, the proportion of teachers in an schools that attended no

more than higher education, or with bachelor’s or master’s degree. We then calculate the

mean values of these variables by all cities with less than 30,000 inhabitants.

Figure 1 shows the distribution of variables regarding primary schools and teachers’

educational level, according to the local population and in cities with up to 30,000

inhabitants. We analyze the proportion of schools that have sewage, water supply, garbage

collection, internet, libraries, sport courts, computer labs, as well as the proportion of

2More information on the calculation of IDEB can be found in Fernandes (2007).
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teachers who attended undergraduate and higher education. Most schools operate in

own buildings schools, as well as have some sewage collection system, but near 20%

have computer labs and near 30% has Internet access. The variance of coverage in

municipalities with up to 30,000 inhabitants is very small.

Figure 1: Coverage of municipal schools’ resources and teachers’ qualification
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3 Basic model of learning

The empirical evidences in Brazil gives great importance on student families’ backgrounds

to explain the IDEB results. On the other hand, there are situations in which schools can

contribute to cognitive achievement by providing appropriate conditions and incentives

for learning (Soares and Alves, 2013b).

Theoretical models in education consider that cognitive learning can be expressed

as a function of school characteristics and socioeconomic conditions of students’ families

(Cunha, Heckman and Schennach, 2010; Carvalho Filho and Litschig and Morrison, 2013).

The distribution of these variables over the schools reveals a complete picture of education

in a municipality (Epple and Romano, 1998).

We consider a simplified model in which cognitive achievement is a function of schools

and students’ families background:

IDEB = q(S(s, Gi

pi
, ν), B(f, G−i

p−i
, η))

IDEB score of municipal elementary schools is given by q, a function relating the inputs

of education to cognitive proficiency in a given municipality. S(s, Gi

pi
, ν) determines the

impact of public school resources on IDEB. s is a vector of variables that affect the quality

of school teaching and can not be influenced by the government, such as the organization

of teacher unions and the technology available for teaching. pi is the cost of school

resources, as teacher wages, and Gi is the municipal expenditure on education. Gi

pi
is the

supply of educational resources, as school physical infrastructure and qualified teachers.

ν is a idiosyncratic term of teaching quality offered by the municipality, not correlated

with the other variables.

B(f, G−i
p−i

, η) is a function relating family characteristics and IDEB. f is a vector that

summarizes the city social and economic conditions that are not influenced by the mayors,

as macroeconomic conditions of all the country. G−i
p−i

represents all municipal expenditures

in real terms not made on education, which can directly influence the families and impact

on academic achievement capacity, such as spending on health. η is a idiosyncratic term

of local socioeconomic conditions, not correlated with the other variables.

For simplicity, we consider that expenditures are made on education and health. The

analyses can be directly extended to more functions of budget expenditures. A simplified

local budget constraint can be expressed as G =
∑
Gj = Gi +G−i = I +T , where I is the

sum of municipal taxes and fees and T is the amount of FPM transferred. We consider a

linear specification for the education production function and that q is a identity function:

S(s,Gi, ν) = δ0 + δ1s+ δ2
Gi

pi
+ ν
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B(f,G−i, η) = γ0 + γ1f + γ2
G−i
p−i

+ η

δ2 and γ2 are indicators of spending efficiency on education and health systems,

respectively, in terms of impacts on IDEB. The index of local public education, IDEB,

can be expressed as:

IDEB = δ0 + γ0 + δ1s+ γ1f + δ2
Gi

pi
+ γ2

G−i
p−i

+ ν + η

We consider an exogenous variation on FPM transfer, T, and that spending on function

i can be expressed as a function of this transfer: Gi = β0 + βiT . βi is correlated with

local preferences for goods of function i, which should also be a function of δ2 in a more

general framework. IDEB can be rewritten as:

IDEB = Θ + Γ + ϕT

Where Θ = δ0 + γ0 + ( δ2
pi

+ γ2
p−i

)β0, Γ = δ1s+ γ1f and ϕ = δ2βi
pi

+ γ2β−i

p−i

We estimate the effect of an exogenous variation of T on IDEB as:

E(IDEB|G = I + T )− E(IDEB|G = I) = ( δ2βi
pi

+ γ2β−i

p−i
)T

The impact of FPM on IDEB depends on two channels. The first corresponds to the

effects on the quality of teaching. The effect of education spending on school quality is

summarized by the parameter δ2, weighted by the cost of goods in education, pi, and the

additional amount invested in education is givens by βiT .

On the other hand, additional FPM increases spending on other social areas. The

impact of public health provision on student learning capacity is expressed as γ2 and β−i

is the electorate preferences for health services. In a more general setting, the parameters

of education production function must be non-linearly related, which implies interactions

between school and family effects, as well as between spending on different functions.

4 Econometric Methodology

The methodology used to estimate the causal effect of an involuntary and unconditional

transfer, FPM, on local public education, measured by IDEB, uses the legal rule of

transference according to population brackets. We argue that this legislation ensures

a random variation of FPM near the thresholds, which prevents the pre-selection of

municipalities to the treatment group.

There is some evidence of population manipulation (Monasterio, 2013), but this possibility,
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made legally or not by local politicians or government bureaucrats, is limited and marginal,

ensuring the RDD internal validity (Lee and Lemieux, 2010). Municipalities can receive

more FPM if the population grow enough to change the population brackets stipulated

by the law. More than that, the population is estimated based on population growth

estimated by IBGE, which depends on the variation between the two previous population

counts (IBGE, 2013). The ability of actual politicians manipulate population growth

is very low and, principally, not complete, which validate the RDD estimations (Lee

and Lemieux, 2010; Castro et al, 2015; Brollo et al, 2013). In order to exclude this

limited possility of influence, we perform regressions with fixed effects, using a panel of

municipalities over the years, to use the continuous variation of population over the years

as the forcing variable of FPM variation.

This quasi-natural experiment allows us to asses whether more money available to

municipalities in fact causes an improvement on the quality of education. Ordinary

regressions indicate only correlation between the variables and may omits other variables

correlated with the size of population - for example, per capita income or the competition

between schools. The only required hypothesis is that the correlated variables can be

approximated by continuous functions in cities with similar populations near the FPM

thresholds.

The increase of population to a point above the thresholds provides a significant

increase on per capita FPM received by the municipalities. The real effect of FPM per

capita on IDEB is equal to the potential IDEB when the city do not have the money plus

the relative difference of IDEB if the city had received the transfer. The identification

problem is that we do not observe the potential effect of treatment for all municipalities,

but only for the treatment group. Thus, we can not directly test, in a regression with all

municipalities, the balancing of potential effects, on average, between the treatment and

control groups .

The only factor that determines the FPM variation outlined in this paper is the

city population. Whereas transfers follow a continuous distribution conditional on local

population, unless exceptionally in the thresholds, the effect can be estimated by a

regression of per capita FPM on IDEB in a vicinity of the thresholds, that are 10,189;

13,585; 16,981 and 23,773 inhabitants. The population rule is not the only variable

used for FPM transfer, so the instrument effect is heterogeneous among municipalities -

basically, it also depends on the state to which the municipality belongs.

We calculate the amount that should have been transferred for each municipality

following the established rules, the theoretical FPM, in order to compare the effectiveness

of FPM Legislation. This value depends on four variables: the total for the FPM in

Brazil; the state coefficient, according to the Court’s resolution (TCU) No 242/90; the

county coefficient, established by Decree Law No. 1,881 / 1981; the sum of the coefficients

of state’s municipalities; and the financial reducer which lasted until 2007, determined by
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Complementary Law No. 91/1997. The total for the FPM corresponds to 23.5% of

Income Tax and tax on manufactured goods3 collected by the Union. 86.4% of this total

are destined to municipalities of the interior and with population fewer than 142,633

inhabitants, and the remaining amount is distributed between the capitals and cities with

more than 142.633 inhabitants. The reducer is applied to a portion of the municipalities

which were identified as population size lower than had been estimated on 1996 IBGE

Population Count (Finance Ministry, 2012b).

We implement RDD through a Two Stage Least Squares Regression (2SLS), wherein

the theoretical FPM is used as the instrument in the first stage, as performed in Brollo

et al (2013), following the methodology exposed in Angrist and Lavy (1999). Following

this approach, we present estimates using Ordinary Least Square (OLS), and also using

the panel data in Fixed Effects regressions. The estimation of the RDD in a fuzzy design

can be consistently estimated using 2SLS (Imbens and Lemieux, 2007; Angrist and Lavy,

1999). The 2SLS regression ensures efficient estimation if some assumptions about the

distribution of standard deviations is attended (Wooldrigde, 2002).

In the first stage, we regress the value of FPM per capita declared by the mayors on

theoretical FPM per capita, that is, the value that should have been transferred if there

were no deviations from the rule. The specification of the first stage can be described as:

declaredFPM = π0 + π1FPMteorico+ π2g2(pop) + v

All the variables were taken into logarithms. π′s are coefficients to be estimated.

g2(pop) is a polynomial of degree 2 of the local population and FPMteorico is the FPM

calculated to be distributed to the municipality, according to the legal rules. The second

stage checks the impact of FPM per capita estimated on the first stage, FPM ∗, on school

performance measured by IDEB:

IDEB = α0 + α1g2(pop) + α2FPM
∗ + u

where the dependent variable is IDEB or one of its components: passing rates and

scores in Portuguese and mathematics in a national exam. FPM∗ is the per capita amount

provided by the first stage and α2 is the estimated coefficient of interest. All variables were

log-transformed, with the exception of theoretical FPM and the population polynomial.

Estimator variances are clustered by municipality level.

We use a 2SLS specification with Fixed Effects as a robustness test, to explore the

variation of treatment status over the years, as local politicians can not completely control

population growth, validating RDD estimations (Lee and Lemieux, 2010). We estimate

regressions using a 500 inhabitants windows around the thresholds and a second degree

3Imposto de Renda (IR) and Imposto sobre Produtos Industrializados (IPI), in Portuguese.
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population polynomial. The results considering alternative specifications of the estimation

windows and of the population polynomial degree are very similar.

5 Identification hypothesis

5.1 FPM transfer rule

The main hypothesis of identification is that the variation of FPM in cities near

the population thresholds may be considered exogenous. Assuming that the variables

correlated with the FPM and the quality of education follow continuous distributions

over the thresholds, and so are balanced and statically equal on the mean when the

instrument varies, the local impact of FPM can be estimated using the IDEB variation

in these cities (Imbens and Lemieux, 2007).

Figure 2 shows the FPM per capita discontinuities given the population thresholds.

The population coefficients are constants within each band, leading the cities with smaller

population within each group to receive more per capita FPM. In addition, smaller cities

are more dependent on FPM, as the larger cities have greater capacity to collect taxes.

Figure 2: Per capita FPM received according to local population

Note: FINBRA, 2005, 2007, 2009, 2011 - National Treasury.

Figure 3 shows the effect of FPM population brackets on the amount of FPM per

capita received by Brazilian municipalities with up to 30,000 inhabitants, estimated by

local linear regressions on the left and on the right of the thresholds and using a 500

inhabitants window. The increase in FPM per capita is strong, especially at the first and

second thresholds, and statistically significant at 95 % confidence.

5.2 Pre-treatment covariates balancing

We use educational information from the regions of the current municipalities in 1970,

when the population thresholds for FPM transfers were different, as covariates to verify
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Figure 3: FPM per capita estimates, by population brackets, in municipalities with up to
30,000 inhabitants

Note: Municipalities in which municipal IDEB was calculated. Observations for the
years 2005, 2007, 2009, 2011. 95% confidence interval.

the balancing of treatment and control groups before the start of the treatment. We test if

the educational conditions between actual treatment and control municipalities previously

diverged. A similar strategy was used by Litschig and Morrison (2013), whom don’t find

differences due to the population brackets on literacy rate in 1980, but the authors used

only the cities which frontiers were unchanged during the period, which leads to a exclusion

of near 1,000 cities. As many cities has been created in Brazil during the 90 decade, we

prefer to compare actual municipalities by the geographic area they belonged in 1970

and still belong now, the 1970 Minimum Comparable Areas (AMCs), because many of

them have emancipated or had their frontiers modified during the last decades4. We

analyze the educational conditions of AMCs in the 70’s through the variables illiteracy

rate, evasion rate, and average years of schooling and of age/grade lagging, available at

the 1970 Population Census. Thus, we test if the municipalities of treatment and control

groups in 2005 were in AMCs that were significantly different in terms of educational

outcomes in 1970, before the actual thresholds have been established.

Table 1 shows the results for the municipalities in 2005 that were in the population

windows considered on the RDD regressions. We consider windows of 500 inhabitants

around the actual thresholds, and we compare cities on the left of the thresholds (the

control group - Left Hand Side of Table 1) to cities on the right of the thresholds (treatment

group - Right Hand Side of Table 1). The 70’s AMCs of treatment and control cities did

4The number of municipalities increased from 3.951 in 1970 to 5.507 em 2000. To more informations
about the construction of AMC’s, see Reis et al, 2007.
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not diverged on any educational factors, considering cities near the four thresholds, before

the beginning of the treatment.

We performed bilateral t-Student tests, which do not reject, by 10% of significance,

the null hypothesis that the mean values are equal in the control and treatment groups.

We cannot reject the null hypothesis at 5% for any specification using unilateral tests.

The number of municipalities in 2005 who were in treatment and control groups for each

of the 4 considered groups, also were not substantially different. These results are an

evidence that the cities were previously balanced in terms of education’s characteristics

between treatment and control groups before the thresholds have been defined.

Table 1: Education covariates balance before the definition of the thresholds
illiteracy evasion lag schooling illiteracy evasion lag schooling
(%) (%) (years) (years) (%) (%) (years) (years)

control treatment

threshold 1
9,689-10,188 10,189-10689
mean 29.76 28.03 2.24 0.81 35.63 30.87 2.6 0.99
sd 25.66 24.71 1.78 0.81 24.65 21.52 1.59 0.79
observations 87 87 87 87 81 81 81 81
threshold 2
13,084-13,584 13,585-14085
mean 40.5 39.03 2.96 1.04 33.38 32.02 2.54 0.93
sd 26.2 25.47 1.56 0.92 23.25 23.87 1.61 0.85
observations 63 63 63 63 67 67 67 67
threshold 3
16,481-16,980 16,981-17481
mean 39.95 36.72 2.76 0.89 36.21 34.19 2.6 0.8
sd 26.04 25.46 1.66 0.76 27.84 27.84 1.78 0.78
observations 43 43 43 43 60 60 60 60
threshold 4
23,273-23,772 23,773-24273
mean 34.92 33.86 2.66 1.34 40.64 37.68 3.07 1.41
sd 23.19 23.38 1.41 0.94 22.23 22.86 1.21 0.98
observations 26 26 26 26 28 28 28 28

Note: We use the per capita rate of illiteracy, evasion, years of lag from the ideal
schooling and years of schooling, collected from the 1970 Census, when the FPM

thresholds had not yet been defined. We collapse data by the level of 1970 AMCS, the
comparable 1970 area from nowadays cities. We use cities near on of the four FPM
thresholds considered in the regressions. On the left hand side, we summarize the

descriptive statistics of the control group, the cities on the left of the thresholds for at
most 500 inhabitants, and on the right side are the information for the cities with 500

citizens more than the thresholds at most, the control group. We cannot reject the null
hypothesis of equal mean for any specification using unilateral tests, using at 5% of

significance.
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6 Results

6.1 Municipalities with up to 30,000 inhabitants

Table 2 presents the results of OLS (OLS), Fixed Effects (FE) and Least Squares

2 Stages (2SLS) regressions using all municipalities with less than 30,000 inhabitants.

The variable of interest is the effect of FPM per capita on IDEB, calculated for the first

and second cycle of municipal elementary school, and on the variables that composes the

index: approval rate in each grade and the standardized average score on Portuguese and

Mathematics in Prova Brasil, realized for the fourth and ninth grades.

The results show a strong impact of FPM on approval rates. For the first cycle, the

greatest impact occurs in the second grade, where 1% increase in FPM per capita increases

near 13% the probability of being approved on the grade, considering the OLS and 2SLS

regressions. When we consider the results by Fixed Effect, this impact increases to 19%.

Fixed effects method eliminates omitted variables that are constant over time that may

bias the result (Wooldrigde, 2002), so in this case its estimating the impact of changes

in FPM coefficients due to changes in population brackets. The impact on the average

passing rate in the first cycle ranges from 8.44% in OLS model to 14.45% in Fixed Effects

model. The impact on test scores, even though significant at 1%, is considerably smaller

than the impact on passing rates. Again, the greatest effects on first cycle scores occur

using Fixed Effects regressions: about 0.18% on math note, 0.13 % on Portuguese, 0.24%

on the average grade of the subjects and 0.43% on the aggregate index IDEB.

The impacts estimated for the second cycle are still significant, but the absolute values

are small. The effect on passing rates varies from 2.63% to 3.33% using OLS regressions,

on the third grade of the second cycle. Using Fixed Effect regressions, the values range

from 5.4% in the fourth grade to 8.4% in the first. 2SLS estimates, in which we use

the theoretical FPM as an instrument for the declared FPM, have intermediate values

between OLS and Fixed Effect, but also indicate a positive effect on first grade passing

rate of 7.23%. The average impact on the second cycle passing rate as a whole is 8.16%

in the more robust specification (FE), 5.81% in IV estimations and just 3.05% with OLS

estimations.
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Table 2: FPM impacts on IDEB in cities up to 30,000 inhabitants

pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First cycle
OLS
FPM 3.11*** 13.16*** 6.52*** 5.96*** 4.72*** 8.44*** 0.12*** 0.09*** 0.15*** 0.25***

(0.311) (0.425) (0.331) (0.324) (0.296) (0.298) (0.004) (0.004) (0.005) (0.008)
R2 0.02 0.07 0.06 0.04 0.04 0.08 0.08 0.05 0.07 0.09
observations 11076 14841 14869 14836 14905 14925 14711 14711 14709 14709
FE
FPM 4.47*** 19.54*** 11.33*** 9.86*** 8.59*** 14.45*** 0.18*** 0.13*** 0.24*** 0.43***

(0.320) (0.406) (0.307) (0.286) (0.271) (0.256) (0.004) (0.003) (0.004) (0.006)
observations 11076 14841 14869 14836 14905 14925 14711 14711 14709 14709
2SLS
FPM 3.49*** 13.66*** 7.93*** 7.69*** 5.67*** 8.99*** 0.14*** 0.11*** 0.18*** 0.29***

(0.471) (0.685) (0.534) (0.523) (0.476) (0.479) (0.006) (0.006) (0.008) (0.012)
observations 11076 14841 14869 14836 14905 14925 14711 14711 14709 14709

Second cycle
OLS
FPM 2.63*** 2.65*** 3.33*** 2.74*** . 3.05*** 0.03*** 0.05*** 0.07*** 0.11***

(0.599) (0.497) (0.441) (0.408) . (0.458) (0.004) (0.003) (0.006) (0.010)
R2 0 0.01 0.02 0.02 . 0.01 0.02 0.03 0.03 0.02
observations 8509 8544 8543 8538 . 8562 8104 8104 8104 8104
FE
FPM 8.42*** 6.63*** 6.58*** 5.42*** . 8.16*** 0.04*** 0.09*** 0.12*** 0.22***

(0.494) (0.457) (0.433) (0.405) . (0.376) (0.003) (0.003) (0.004) (0.008)
observations 8509 8544 8543 8538 . 8562 8104 8104 8104 8104
2SLS
FPM 7.23*** 4.86*** 4.51*** 3.79*** . 5.81*** 0.08*** 0.09*** 0.14*** 0.21***

(1.012) (0.836) (0.740) (0.687) . (0.770) (0.006) (0.006) (0.010) (0.017)
observations 8509 8544 8543 8538 . 8562 8104 8104 8104 8104

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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The effect on second cycle scores are very small numerically, but significant with 1%

of significance. OLS regressions indicate an effect of 0.03% on math, 0.05% on Portuguese

and 0.07% on the mean score. Fixed Effects estimates are 0.04% on Portuguese, 0.09%

on mathematics and 0.12% on the mean score, which are lower than those found in 2SLS

estimations: 0.08% , 0.09% and 0.14% on Portuguese, mathematics and mean score,

respectively. The effect on IDEB index using OLS regressions is only 0.11%, while using

2SLS is 0.21% and 0.22% with Fixed-Effect regressions.

6.2 RDD estimates

Table 3 shows the effect of FPM per capita on IDEB of first and second primary

school cycle and on its components, estimated by 2SLS regressions in which we explore

the discontinuities in the FPM rule. The instrument considered is the theoretical per

capita FPM, and we consider cities with 500 inhabitants of difference from each of the

thresholds.

The results indicate a significant effect of FPM on all components of IDEB in the

first cycle, especially in the groups of cities with population around 13,585 and 16,981

inhabitants. Column 1 shows positive effects of a 1% increase of FPM per capita on

first grade cycle passing rate, specially in cities near 23,773 and 13,584 inhabitants,

about 16.71% and 7.68% respectively, but there is also a significant impact with 10%

of significance in the first threshold, 5.64%.

The impacts on passing rates of the first cycle follow the pattern observed in with all

data and are concentrated in the second grade, and even stronger. The estimated effects

are significant at 1% (column 2: 22.83%, 26.11%, 34.88%, 28.44%, for thresholds 1 to 4,

respectively) indicates an strong positive effect on first cycle approval rates, even more

in the RDD robust specification. The impacts on the third, fourth and fifth grades are

concentrated in intermediate-size cities, especially on the fourth grade, which passing rate

increases 17.94% in cities with about 16,981 inhabitants.
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Table 3: FPM impacts on school performance

2SLS - RDD pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First Cycle
threshold 1: 10,189
FPM 5.64* 22.83*** 8.37** 7.47** 4.62 11.38*** 0.25*** 0.20*** 0.33*** 0.47***

(2.999) (4.537) (3.286) (3.500) (2.878) (3.082) (0.040) (0.037) (0.055) (0.085)
observations 466 634 643 641 643 643 638 638 638 638
threshold 2: 13,585
FPM 7.68*** 26.11*** 12.66*** 14.83*** 14.35*** 18.08*** 0.28*** 0.21*** 0.35*** 0.57***

(2.881) (4.755) (3.673) (3.480) (3.300) (3.354) (0.038) (0.035) (0.052) (0.084)
observations 362 503 505 507 506 507 504 504 504 504
threshold 3: 16,981
FPM 2.37 34.88*** 12.28*** 17.94*** 11.79*** 20.88*** 0.26*** 0.21*** 0.35*** 0.61***

(4.549) (5.442) (4.120) (3.903) (3.574) (3.955) (0.046) (0.043) (0.064) (0.102)
observations 257 382 382 382 383 383 381 381 381 381
threshold 4: 23,773
FPM 16.71*** 47.81*** 17.43*** 20.26*** 15.21*** 27.87*** 0.19*** 0.12** 0.23** 0.57***

(4.316) (8.268) (6.447) (5.790) (4.813) (5.685) (0.065) (0.060) (0.089) (0.143)
observations 159 211 211 211 211 211 209 209 209 209

Second cycle

threshold 1: 10,189
FPM -1.54 3.3 1.73 -2.44 . 0.41 0.07** 0.11*** 0.16*** 0.16*

(5.490) (4.770) (4.071) (3.773) . (4.314) (0.032) (0.034) (0.057) (0.094)
observations 403 405 405 404 . 406 384 384 384 384
threshold 2: 13,585
FPM 8.99 2.39 5.62 0.49 . 5.62 0.07* 0.09*** 0.14** 0.21**

(6.400) (5.176) (4.655) (4.247) . (5.001) (0.035) (0.035) (0.060) (0.103)
observations 345 347 347 347 . 347 340 340 340 340
threshold 3: 16,981
FPM 4.53 6.57 5.04 3.04 . 5.99 0.08* 0.11** 0.17** 0.25**

(7.154) (5.792) (5.503) (4.852) . (5.560) (0.043) (0.043) (0.075) (0.125)
observations 268 271 271 271 . 271 264 264 264 264
threshold 4: 23,773
FPM 8.66 8.2 14.03** 17.09*** . 12.38* -0.01 0.03 0.01 0.13

(9.341) (7.225) (6.308) (6.509) . (7.216) (0.059) (0.058) (0.102) (0.165)
observations 166 165 165 165 . 166 163 163 163 163

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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The effects on scores in the first cycle are smaller than the impact on passing rates,

but are significant at 1% in all regressions. The largest effects on scores occur in the

group of cities with biggest population, probably because they have better conditions

to improve education quality, due to economies of scale, for example. Considering the

cities with population close to 23,773 inhabitants, the effects are 0.31% 0.23% on scores in

Portuguese and mathematics, respectively, and 0.40% on the mean score of these subjects.

For all the thresholds, the effects on IDEB is greater than the estimated effects in the

regressions with all the towns smaller than 30,000 inhabitants (Table 1), ranging from

0.47% to 0.61% for each 1% transferred via FPM per capita.

The effects on the second cycle are again smaller. There are no significant impacts on

the passing rates in any grade and for all the thresholds. The effects are concentrated on

scores, especially in Portuguese. There is a 0.16% increase in the mean score of cities near

the first threshold and 0.17% to cities near the third - significant values at 5%. Impacts

on global index IDEB range from 0.16% to 0.25%, significant values at 5%, but there is

no impact on the group of cities with more population.

We present robust estimates using 2 Stages Least Squares controlling for municipality

Fixed Effects in Table 4. In this case, we estimate the impact of population coefficient

transition and hence the impact of an exogenous FPM variation on municipal IDEB

variation. This shift depends on the population growth estimated by IBGE from previous

counts, which can not be completely influenced by the actual mayor, ensuring a continuous

variation of the forcing variable. The identification of the treatment in this case is

possible even with population manipulation, since the mayors and politicians do not have

a complete control of this process (Van der Klaauw, 2002; Lee and Lemiuex, 2010).

The results indicate an even greater effect on the overall first cycle passing rate, ranging

from 19.42% to 26.85%. Again, there is no effect on the first grade passing rate, unless in

the first population group, and the effect on passing rates is concentrated in the second

grade, about 30% in the first threshold and reaching 44.7% in the largest population

group. Its effects on passing rates for the third, fourth and fifth grades of the first cycle

are not much larger than the 2SLS specification without fixed effects, and the values are

generally significant at 1%.

The effects on the first cycle scores, on the other hand, are generally smaller than

estimated in the foregoing specification. The effects on the mean score in Portuguese and

mathematics in Prova Brasil vary between 0.27% to 0.34% for each 1% increase in FPM

per capita. The overall effect on IDEB, using 2SLS in Fixed Effects, has the greatest

values of all used specifications, ranging from 0.53% to 0.6%, probably due to the strong

impacts on passing rates.

The results for the second cycle follow the pattern of the previous 2SLS results without

fixed effects correction. The effects on passing rate are not significant at 1%, except for

the second grade (or sixth year of primary school) of municipalities with population close
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to 16,981, about 17.26%. The effect on second cycle passing rate is positive, significant

at 5%, and ranges from 7.97 % to 14.98 %, except for the largest population group. The

effects on scores is positive and similar to those previously estimated. The effect on IDEB

reaches 0.35%. The results for cities with population of about 23,773 are insignificant for

all dependent variables used.

The robust specification confirm that the effect of additional FPM concentrates on the

first cycle of basic education. In 2006, the Senate approved the Law n 144/2005, which

added one year to the basic education formation, and required the adequacy of states

and municipalities by 2010 - so that the former first grade corresponds to today second

grade. There is a sharp increase on passing rates, specially for the second grade. This

is a indicative that school managers favor the maintenance of children in school at this

stage, and they did not adequate to the new law yet. These results are evidences that

the municipalities concentrate efforts on literacy of young children, while keeping them

at school.
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Table 4: FPM impacts on school performance - robust specification

2SLS FE RDD pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First cycle
threshold 1: 10,189
FPM 9.89*** 30.16*** 20.97*** 12.38*** 11.48*** 19.42*** 0.26*** 0.22*** 0.34*** 0.59***

(3.113) (4.528) (3.077) (3.226) (2.716) (2.525) (0.033) (0.029) (0.042) (0.059)
observations 466 634 643 641 643 643 638 638 638 638
threshold 2: 13,585
FPM 4.74 29.37*** 14.88*** 15.69*** 13.08*** 19.72*** 0.25*** 0.16*** 0.29*** 0.53***

(4.498) (5.813) (3.808) (3.279) (2.903) (3.175) (0.031) (0.030) (0.041) (0.068)
observations 362 503 505 507 506 507 504 504 504 504
threshold 3: 16,981
FPM 0.51 42.05*** 22.75*** 22.24*** 11.93*** 26.85*** 0.22*** 0.15*** 0.27*** 0.60***

(5.311) (5.888) (4.421) (3.885) (3.747) (3.820) (0.038) (0.037) (0.052) (0.077)
observations 257 382 382 382 383 383 381 381 381 381
threshold 4: 23,773
FPM 15.61* 48.85*** 22.64*** 22.47*** 10.91* 29.45*** 0.23*** 0.18*** 0.29*** 0.66***

(8.582) (10.662) (6.744) (5.961) (6.109) (6.051) (0.062) (0.061) (0.084) (0.127)
observations 159 211 211 211 211 211 209 209 209 209

Second cycle
threshold 1: 10,189
FPM 10.89** 8.33 6.01 0.98 . 7.98** 0.08*** 0.11*** 0.16*** 0.29***

(5.298) (5.173) (4.546) (4.499) . (3.858) (0.030) (0.029) (0.048) (0.085)
observations 403 405 405 404 . 406 384 384 384 384
threshold 2: 13,585
FPM 12.35** 10.82** 11.57** 5.07 . 11.28*** 0.06** 0.12*** 0.15*** 0.30***

(5.780) (5.322) (5.379) (4.925) . (4.261) (0.029) (0.033) (0.050) (0.085)
observations 345 347 347 347 . 347 340 340 340 340
threshold 3: 16,981
FPM 9.25 17.26*** 12.21** 14.16** . 14.97*** 0.07** 0.11*** 0.17*** 0.35***

(6.852) (6.632) (6.208) (5.809) . (5.286) (0.033) (0.036) (0.057) (0.105)
observations 268 271 271 271 . 271 264 264 264 264
threshold 4: 23,773
FPM 12.21 13.84* 7.06 7.45 . 12.06** 0.15*** 0.18*** 0.29*** 0.43***

(7.493) (7.791) (6.965) (7.028) . (6.043) (0.049) (0.055) (0.087) (0.118)
observations 166 165 165 165 . 166 163 163 163 163

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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6.3 Impacts of health and education spending on IDEB

The analysis already presented indicates that per capita FPM positively impacts

the quality of education, specially for the first cycle of primary education, but we can

not determine if this impact is due to increases of spending on education or on other

areas. There is a possibility that spending on functions such as health can influence

the performance of students, especially the younger ones. Several studies point to the

influence of family background and health conditions on cognitive ability in childhood

and preadolescence (Alves and Soares, 2012; Cunha, Heckman, Schennach, 2010).

Table 5 shows the impact of education and health spending on first cycle IDEB,

estimated by OLS regressions with municipalities with less than 30,000 inhabitants. The

first part of the table indicates that spending on education are correlated with IDEB.

The increase of 1% on education spending is associated with 6% increase on second grade

passing rate and 0.1% on IDEB.

The second part of table 5 shows that specific expenditures on primary schools have

a negative correlation with passing rates in most grades that are significant, with the

exception of passing rate in the second grade, which increases 1.53%. The OLS effect on

IDEB is not statistically significant. It is possible that this occurs due to the correlation

between per capita spending on primary education - higher in smaller municipalities - and

quality of education as measured by IDEB - worse in smaller municipalities. In addition

to economies of scale, larger municipalities have more conditions to qualify their teachers,

and in these cities private market and competition between schools are more developed.

Another interesting result is that per capita health spending is highly correlated with

IDEB. The R2 of the regressions suggests that health spending explains more the variation

on IDEB than education spending, and even than primary education spending. The

increase of 1% in per capita health spending is associated with 11% increase on second

grade passing rate and 0.27% on the aggregate indicator.

Next, we analyze the correlations between expenses by function and quality of education

throughout the population windows that we used to estimate RDD regressions. Many

papers have indicated a great effect of FPM per capita on education and health spending,

more than in any other area (Brollo et al, 2013; Avarte et al, 2013). It causes a correlation

on the expenditures that invalidate the instrumental variable approach. On the other

hand, very different effects of health and education expenditures in the RDD windows

should be a sign of causality.

The effects of education spending are shown in the first part of Table 6 and in general

are positive and significant. Again, the biggest impact is on second grade passing rate,

that ranges from 8.01% in the first threshold to 13.87% in cities with population around

16,891 inhabitants. In these cities, there is an impact of 0.22% on IDEB, but all the

values are quite lower compared with FPM impacts estimated by Instrumental Variables.
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Table 7 shows that the correlation between health spending and first cycle IDEB

remains in all the population groups analyzed. Again, per capita health expenditures

account more for school performance variation than spending on education. The R2 of

IDEB regressions reach 26% in the range of municipalities with larger population. The

values are close to the estimations using FPM per capita in RDD design.
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Table 5: Effects of education and health spending on first cycle IDEB - cities up to 30,000 inhabitants

OLS pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

education 0.63*** 6.45*** 3.42*** 2.03*** 1.8*** 3.93*** 0.05*** 0.04*** 0.07*** 0.12***
(0.226) (0.331) (0.255) (0.250) (0.228) (0.232) (0.003) (0.003) (0.004) (0.006)

R2 0.01 0.04 0.04 0.03 0.02 0.05 0.04 0.02 0.03 0.05
observations 11064 14828 14856 14823 14892 14912 14699 14699 14697 14697

primary education -0.86*** 1.53*** 0.21 -1.34*** -0.88*** 0.27 0.00 -0.01*** -0.00 0.00
(0.203) (0.303) (0.232) (0.227) (0.206) (0.211) (0.003) (0.003) (0.004) (0.005)

R2 0.01 0.02 0.03 0.02 0.02 0.03 0.01 0.01 0.01 0.02
observations 10751 14390 14418 14386 14454 14474 14272 14272 14270 14270

health 2.64*** 11.64*** 8.10*** 7.73*** 6.55*** 9.06*** 0.12*** 0.10*** 0.16*** 0.27***
(0.208) (0.282) (0.218) (0.214) (0.196) (0.194) (0.003) (0.002) (0.003) (0.005)

R2 0.02 0.12 0.12 0.1 0.09 0.15 0.15 0.12 0.16 0.19
observations 11041 14792 14820 14787 14856 14876 14664 14664 14662 14662

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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Table 6: Impacts of education spending on first cycle IDEB

OLS pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

threshold 1: 10,189
education -0.26 8.01*** 2.53** 0.91 -0.29 3.26*** 0.05*** 0.03*** 0.06*** 0.10***

(1.076) (1.576) (1.232) (1.314) (1.090) (1.133) (0.014) (0.013) (0.019) (0.029)

R2 0.00 0.05 0.01 0 0 0.02 0.02 0.01 0.02 0.02
observations 463 631 640 638 640 640 635 635 635 635
threshold 2: 13,585
education 1.86* 6.40*** 1.21 1.96 2.05* 3.61*** 0.02 0.01 0.02 0.06**

(1.045) (1.798) (1.331) (1.267) (1.195) (1.252) (0.014) (0.013) (0.019) (0.031)

R2 0.01 0.03 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
observations 361 502 504 506 505 506 503 503 503 503
threshold 3: 16,981
education 2.16 13.87*** 4.89*** 6.37*** 3.50*** 8.30*** 0.07*** 0.06*** 0.10*** 0.20***

(1.389) (1.892) (1.448) (1.367) (1.240) (1.393) (0.016) (0.015) (0.022) (0.035)

R2 0.02 0.14 0.04 0.06 0.03 0.1 0.05 0.04 0.05 0.09
observations 259 384 384 384 385 385 383 383 383 383
threshold 4: 23,773
education 2.89** 7.50*** 3.80** 2.26 2.81* 4.33** 0.07*** 0.04** 0.08*** 0.14***

(1.395) (2.445) (1.900) (1.737) (1.461) (1.684) (0.019) (0.018) (0.026) (0.042)

R2 0.04 0.05 0.04 0.01 0.03 0.04 0.06 0.03 0.05 0.06
observations 159 210 210 210 210 210 208 208 208 208

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.146
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Table 7: Effects of health spending on first cycle IDEB

OLS pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

threshold 1: 10,189

health 1.06 12.90*** 8.31*** 7.41*** 6.05*** 9.27*** 0.14*** 0.12*** 0.19*** 0.30***
(1.139) (1.483) (1.162) (1.252) (1.032) (1.055) (0.012) (0.011) (0.017) (0.026)

R2 0.00 0.12 0.08 0.05 0.05 0.11 0.17 0.16 0.17 0.18
observations 460 628 637 635 637 637 632 632 632 632
threshold 2: 13,585
health 5.07*** 15.36*** 9.42*** 9.13*** 8.47*** 11.66*** 0.13*** 0.11*** 0.17*** 0.33***

(1.149) (1.796) (1.341) (1.273) (1.210) (1.226) (0.014) (0.013) (0.019) (0.030)

R2 0.06 0.13 0.09 0.09 0.09 0.16 0.14 0.13 0.14 0.18
observations 360 500 502 504 503 504 501 501 501 501
threshold 3: 16,981
health 2.62** 13.16*** 6.79*** 8.38*** 6.51*** 9.46*** 0.11*** 0.09*** 0.15*** 0.26***

(1.067) (1.457) (1.117) (1.031) (0.938) (1.053) (0.012) (0.011) (0.017) (0.026)

R2 0.03 0.19 0.1 0.15 0.12 0.19 0.18 0.16 0.17 0.22
observations 257 382 382 382 383 383 381 381 381 381
threshold 4: 23,773
health 4.15*** 13.45*** 8.41*** 8.11*** 6.74*** 9.78*** 0.13*** 0.10*** 0.16*** 0.28***

(1.437) (2.432) (1.906) (1.726) (1.455) (1.655) (0.019) (0.017) (0.026) (0.041)

R2 0.06 0.13 0.11 0.1 0.11 0.16 0.18 0.15 0.17 0.19
observations 158 210 210 210 210 210 208 208 208 208

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard erros in parenthesis.147
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6.4 FPM spillover on the state schools’ IDEB

We analyze now the effects of the FPM received by the cities on the IDEB of the

state schools in the city. We want to test if there is any kind of spillover from the extra

money, used partially on the municipal education, on the education outcomes in the state

system. This may occur because of FPM externalities in two situations. First, increasing

the competition between the municipal and state schools, which can lead to a increase in

the school accountability, an extra effort by the teachers and another education workers,

or to a change in the selection of students with good socioeconomic conditions. Second,

the FPM spillover in education may be due to a increase in the overall social conditions of

the city, because of an increase in health spending for example, that may benefit students

of all the schools in the city.

Table 8 shows the spillover impacts of the FPM received for each city on the IDEB

of the state schools in the city. There is a positive and substantial effect in most of the

cases. In the fist cycle, the effects on the state schools IDEB range from near 70% to 80%

of the effect on the municipal schools. The effects are highly concentrated on the test

scores, indicating that the effects on IDEB are due to an increase in competition, specially

for the cities with more population. In this group, the effect on the mean score in Prova

Brasil is 0.34 in the states schools and 0.29 in the municipal schools, values statistically

different.

The impacts on the first cycle pass rates in the state schools are modest, compared to

the municipal schools. The effect on the second grade pass rate in the state schools is on

average less than 50% than the effect in the municipal schools. The effect on the overall

first cycle pass rate is near 60% of the effect in the municipal system.

The effects on the second cycle IDEB in the state schools are less robust than in the

first cycle. The effect on overall IDEB ranges from 60% and 80% of the effect in the

municipal schools for the cities near the lowest and the highest population thresholds,

respectively. The effect on the mean score in Portuguese and Math are no more than 80%

of the effect in the municipal school system, and it is insignificant in the more populous

cities. The effects are more concentrated on the pass rates, but the effect on the overall

cycle pass rate is statistically the same as in the municipal schools.
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Table 8: FPM impacts on state schools’ IDEB

2SLS FE RDD pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First cycle
threshold 1: 10,189
FPM 8.12** 14.42*** 19.77*** 7.50* 12.78*** 12.30*** 0.22*** 0.24*** 0.32*** 0.43***

3.361 5.284 5.03 4.105 4.732 3.524 0.04 0.035 0.051 0.079
observations 296 380 408 412 429 429 412 412 412 411
threshold 2: 13,585
FPM 12.11** 12.82 25.53*** 3.33 3.69 11.80*** 0.18*** 0.18*** 0.25*** 0.46***

(6.162) (9.586) (8.097) (6.259) (5.821) (3.94 ) (0.05 ) (0.046) (0.064) (0.093)
observations 174 247 268 270 278 279 271 271 271 271
threshold 3: 16,981
FPM 8.47 23.81** 11.58 6.72 16.25*** 13.75*** 0.23*** 0.17*** 0.27*** 0.41***

(5.371) (10.51) (7.967) (5.706) (6.194) (4.025) (0.055) (0.049) (0.07 ) (0.102)
observations 151 212 221 221 229 230 222 222 222 222
threshold 4: 23,773
FPM 11.82** 23.03*** 27.26** 9.78 13.19* 16.12*** 0.28*** 0.20*** 0.34*** 0.57***

(5.859) (7.549) (10.719) (6.437) (7.687) (5.083) (0.061) (0.053) (0.077) (0.107)
observations 88 122 125 126 129 129 128 128 128 128
Second Cycle
threshold 1: 10,189
FPM 9.09** 10.10*** 7.40** 10.45*** . 10.04*** 0.05*** 0.08*** 0.11*** 0.23***

(3.713) (3.372) (3.222) (3.105) . (2.562) (0.017) (0.02 ) (0.031) (0.055)
observations 592 609 614 619 . 619 612 612 612 612
threshold 2: 13,585
FPM 9.07* 7.68* 9.41** 11.08*** . 10.57*** 0.05** 0.10*** 0.12*** 0.25***

(4.728) (4.504) (4.225) (4.192) . (3.342) (0.021) (0.023) (0.037) (0.061)
observations 408 417 421 424 . 425 424 424 424 424
threshold 3: 16,981
FPM 18.54*** 11.75* 18.70*** 11.96** . 15.58*** 0.03 0.12*** 0.13** 0.29***

(5.65 ) (6.664) (4.935) (5.37 ) . (4.219) (0.029) (0.032) (0.053) (0.084
observations 324 330 336 339 . 339 333 333 333 333
threshold 4: 23,773
FPM 12.27** 14.94** 13.78** 20.15*** . 14.03*** 0.01 0.08** 0.07 0.25***

(6.174) (6.669) (6.264) (6.281) . (4.671) (0.031) (0.035) (0.053) (0.094)
observations 180 185 186 191 . 191 188 188 188 188

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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6.5 Spillovers on municipal schools in neighboring towns

Our last regressions estimate the FPM spillover impacts on municipal IDEB in neighboring

towns, with less than 5,000 inhabitants. Table 9 shows the results when we consider an

estimation window of 500 inhabitants around the thresholds. The effect on neighboring

cities’ IDEB is statistically the same in magnitude as the direct impacts, unless when the

city is in the most populous group. In this case, the spillover on IDEB is greater than the

direct impact, presented in Table 4.

When we separate the effect into the IDEB components, we see that spillover follows

the opposite trend of the direct impact. The spillover on test scores increases with the

increase in the city receiving the FPM. For example, when a city near threshold 4 receives

an 1% extra FPM, the impact on own schools mean score is 0.29%, while the spillover on

neighboring cities mean score is 0.59%. As we see in Castro et al (2015), the spillover on

education from city j to city i is bigger when j is bigger than i.

We also present in Table 10 the results using an 1,000 inhabitants estimation window

around the thresholds, in order to have more observations. The results are quite similar.

Again, the most significant spillovers concentrate in first cycle, and specially on the tests

scores in Prova Brasil.
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Table 9: FPM spillover on IDEB in neighboring small towns - 500 citizens estimation window

2SLS FE RDD pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First cycle
threshold 1: 10,189
FPM 7.33*** 25.07*** 23.67*** 14.28*** 14.97*** 19.67*** 0.30*** 0.23*** 0.37*** 0.60***

(2.54) (3.531) (3.651) (3.04 ) (3.303) (2.312) (0.035) (0.032) (0.045) (0.059
observations 438 563 570 569 574 576 560 560 560 560
threshold 2: 13,585
FPM 14.54*** 31.15*** 10.84* 5.41 7.92 14.34*** 0.29*** 0.20*** 0.35*** 0.52***

(5.203) (6.981) (5.661) (4.729) (6.144) (3.156) (0.05) (0.044) (0.063) (0.079)
observations 246 325 327 326 327 327 319 319 319 319
threshold 3: 16,981
FPM 6.77* 37.44*** 9.33* 18.62*** 14.13*** 18.27*** 0.30*** 0.23*** 0.38*** 0.60***

(3.921) (7.562) (5.199) (4.018) (4.781) (3.33) (0.046) (0.042) (0.06) (0.079)
observations 171 216 211 212 214 216 212 212 212 212
threshold 4: 23,773
FPM -3.5 11.64 3.12 9.78 7.24 8.78* 0.47*** 0.32*** 0.57*** 0.70***

(5.172) (9.594) (8.211) (7.625) (4.997) (4.95 ) (0.131) (0.113) (0.169) (0.181)
observations 114 149 149 149 149 149 144 144 144 144

Second Cycle
threshold 1: 10,189
FPM 11.12* 7.71 13.56*** 13.87* . 10.13** 0.07** 0.10*** 0.15*** 0.28***

(6.109) (5.516) (5.05 ) (7.254) . (4.37 ) (0.028) (0.03 ) (0.048) (0.093)
observations 236 236 236 236 . 236 215 215 215 215
threshold 2: 13,585
FPM 22.59** 23.76** 26.36*** 20.03* . 21.46*** 0.08* 0.15*** 0.20*** 0.45***

(10.063) (9.923) (10.107) (10.374) . (7.897) (0.042) (0.045) (0.071) (0.157)
observations 179 177 179 179 . 179 169 169 169 169
threshold 3: 16,981
FPM -22.5 -3.91 14.33* -1.32 . -4.54 0.02 0.11* 0.11 0.05

(15.307) (11.971) (7.814) (13.237) . (8.972) (0.055) (0.058) (0.09 ) (0.14)
observations 82 83 83 83 . 83 74 74 74 74
threshold 4: 23,773
FPM -57.29 -53.54 -45.4 -26.59 . -46.76 0.19 0.01 0.18 -0.47

(38.902) (40.388) (40.614) (37.282) . (35.087) (0.156) (0.187) (0.256) (0.573)
observations 64 64 64 64 . 64 59 59 59 59

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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Table 10: FPM spillover on IDEB in neighboring small towns - 1,000 citizens estimation window

2SLS FE RDD pass rate scores
%/% grade 1 grade 2 grade 3 grade 4 grade 5 cycle math Portuguese mean IDEB

First cycle
threshold 1: 10,189
FPM 5.79*** 28.55*** 19.35*** 8.26*** 14.97*** 17.80*** 0.29*** 0.24*** 0.38*** 0.60***

(1.825) (2.66 ) (2.566) (2.025) (3.303) (1.659) (0.023) (0.022) (0.031) (0.042)
observations 851 1101 1110 1107 574 1121 1083 1083 1083 1083
threshold 2: 13,585
FPM 10.17** 40.54*** 20.68*** 15.70*** 7.92 23.01*** 0.35*** 0.25*** 0.35*** 0.61***

(4.692) (5.31 ) (4.051) (3.464) (6.144) (2.683) (0.089) (0.09 ) (0.043) (0.059)
observations 506 648 650 649 327 652 633 633 632 632
threshold 3: 16,981
FPM 12.21*** 38.42*** 13.15*** 15.94*** 14.13*** 20.31*** 0.31*** 0.23*** 0.39*** 0.68***

(3.698) (6.028) (3.595) (3.416) (4.781) (2.677) (0.038) (0.034) (0.049) (0.072)
observations 351 440 439 437 214 444 432 432 432 432
threshold 4: 23,773
FPM -0.18 17.60*** 17.77*** 9.46** 7.24 13.63*** 0.34*** 0.20*** 0.39*** 0.55***

(2.961) (5.569) (4.94 ) (4.117) (4.997) (2.731) (0.055) (0.047) (0.069) (0.081)
observations 222 279 281 280 149 281 273 273 273 273

Second Cycle
threshold 1: 10,189
FPM 17.87*** 16.71*** 20.26*** 14.21*** . 17.73*** 0.06*** 0.13*** 0.17*** 0.44***

(5.25 ) (4.742) (4.644) (5.23 ) . (3.79 ) (0.022) (0.028) (0.042) (0.08)
observations 462 463 463 463 . 464 419 419 419 419
threshold 2: 13,585
FPM 16.75** 16.39** 17.90*** 11.89* . 15.56*** 0.06** 0.10*** 0.14** 0.32***

(7.19) (7.129) (6.72) (6.921) . (5.364) (0.031) (0.039) (0.057) (0.115)
observations 324 322 324 324 . 324 292 292 292 292
threshold 3: 16,981
FPM 13.83 22.56** 20.62** 12.5 . 18.31** 0.04 0.16*** 0.18*** 0.37***

(9.413) (9.262) (8.422) (8.266) . (7.264) (0.039) (0.038) (0.06 ) (0.13)
observations 174 174 175 175 . 175 156 156 156 156
threshold 4: 23,773
FPM -25.94 -25.36 -13.88 5.72 . -17.51 0.26* 0.39** 0.56** 0.27

(22.529) (21.444) (18.903) (17.842) . (16.618) (0.134) (0.189) (0.271) (0.31)
observations 112 112 112 112 . 112 101 101 101 101

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Covariates omitted. Standard errors in parenthesis.
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7 FPM and education spending

7.1 School resources

We use the fitted values of education spending regressed on theoretical FPM in a

second regression to measure the impacts on school infrastructure and teachers’ qualification,

provided by Censo Escolar. In this way, we solve the identification issue in the literature

that looks for measuring the impacts of education spending. Also, we try to answer if

education spending and the increasing in the public school resources is one channel driving

the FPM impacts on education.

We change the first stage regression for:

Sit = β0 + β1FPMtheoreticalit + β2popit + β3pop
2
it + vit

In which Sit is the city i spending in primary education in year t and FPMtheoreticalit

is the theoretical FPM that have been transferred. Local population and its quadratic

term are added as control. All the other variables are as before. In the second stage we

estimate the impacts of S∗, the education spending fitted values in the first stage, on the

education resources, Rit, fitting the regression:

Rit = α0 + τS∗it + α1popit + +α2pop
2
it + uit

We lead to the appendix our general regressions with naive strategies. Table 1A

presents OLS estimates using all the cities with up to 30,000 inhabitants. We use the

logarithm of the primary education spending in each city to measure the impact of schools

and teachers conditions. The results do not have the expected signal in general. In the

first group of regressions, spending on primary education is associated with lower coverage

of sewage systems, electricity and garbage collection in the public network schools. In

addition, the middle part shows that there seems to be a decrease in the percentage of

schools with sports facilities, libraries, televisions, computers, internet and bathrooms in

the inner area of the school. Finally, there seems to be increase in the number of students

per teacher and a fall of teachers’ qualification level. One hypothesis is that there is a

negative correlation between per capita spending on education and municipality size, and

larger municipalities have better conditions and scale to invest in schools.

Table 3A shows the effects of spending on primary education on the quality of schools

using fixed effects regressions. Thus, we estimate the average change of the schools’

characteristics from one year to another due to variations in education spending in the

period. The method eliminates variables that can lead to a bias in the estimation and

which are fixed in the period considered, such as geographical conditions and population

size (Wooldrigde, 2002). Most impacts are not significant or have a small magnitude, but

generally have the expected signal. The effect on the physical characteristics of schools
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are small or non-existent, but there is a significant effect on education spending on the

number of students per teacher: a reduction of almost 3 students for each 10% increase

in education spending.

The latest specification using all population in smaller municipalities than 30 thousand

inhabitants will be done using instrumental variables - we consider spending on education

induced by transferring funds via FPM. The regression will be done by Minimum Squares

2 Stages (2SLS), and the first stage corresponds to the estimates of expenditure in higher

education due to the theoretical rule of distribution of the FPM. Table 4A shows that the

overall results are significant and have the expected signs. The increase of 1% in spending

on primary education increase by 5 % the proportion of the network that provides power

in 20% to 87% the proportion of schools that collect sewage and garbage respectively.

There is also an increase of 68%, 66 % to 74% in proportion to network computer labs,

sports facilities and libraries.

We now estimate the impacts of primary education spending on schools resources and

teachers’ qualification using the FPM received near the thresholds as instruments, in a

RDD approach. We let to the Appendix B the estimates using a 500 citizens window

around the thresholds, that are insignificant for all the dependent variables. We present

the results for thresholds 1 to 4 in the Tables B5-B8, respectively.

We try to expand our sample in order to get more observations. The following

Tables 11-14 show the 2SLS estimated effect of primary education spending using a 1,000

inhabitants estimation windows around the thresholds. With this more comprehensive

window, we estimate significant effects on school resources, but the values are quite low,

compared to the effect on IDEB.

Robust estimates do not indicate pretty strong effects of public education spending on

school resources, although the literature points to FPM impacts on education quality. Our

findings suggest that impacts are driven by the selection of new students, potentially from

state and neighboring cities network. Other possibility is that other kind of expenditures

is driving the FPM effect, as health expenditures. It is disturbing that the increase in

education spending is not being spent on school resources and teachers qualification.
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Table 11: Impacts of primary education spending on municipal schools - threshold 1 (1,000 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.04 0.18 -0.04 0.26 0.95** 0.3
(0.08) (0.14) (0.03) (0.16) (0.47) (0.25)

observations 1031 1031 1031 1031 1031 1031

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0.63* 0.35 0.59 0.27 5.63 0.64*
(0.35) (0.32) (0.38) (0.29) (4.11) (0.36)

observations 1031 1031 1031 1031 1031 1031

teacher’s qualification
number students per teacher major degree bachelor secundary primary professional course

primary education -3.8 0.26 1.51** -0.2 -0.05* 1.23**
(4.23) (0.26) (0.59) (0.25) (0.03) (0.52)

observations 1031 1031 1031 1031 1031 1031

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 12: Impacts of primary education spending on municipal schools - threshold 2 (1,000 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.19** 0.30** -0.05*** 0.04 0.71* 0.16
(0.09) (0.14) (0.02) (0.12) (0.37) (0.2)

observations 791 791 791 791 791 791

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0.3 0.47 0.4 0.43 5.68 0.3
(0.26) (0.3 ) (0.31) (0.27) (4.02) (0.26)

observations 791 791 791 791 791 791

teacher’s qualification
number students per teacher major degree bachelor secundary primary professional course

primary education -4.44 -0.45* 0.62* 0.49** -0.04 0.66*
(3.39) (0.24) (0.33) (0.24) (0.03) (0.35)

observations 791 791 791 791 791 791

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 13: Impacts of primary education spending on municipal schools - threshold 3 (1,000 inhab.)

schools’ services

alimentation sewage water light garbage collection lab info
primary education 0.06 -0.16 -0.08 0.09 0.55 0.11

(0.1) (0.14) (0.05) (0.17) (0.4) (0.23)
observations 565 565 565 565 565 565

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0.01 -0.08 0.06 -0.02 2.37 0.14
(0.26) (0.28) (0.34) (0.27) (5.22) (0.29)

observations 565 565 565 565 565 565

teacher’s qualification
number students per teacher major degree bachelor secundary primary professional course

primary education -5.29 -0.09 0.67* 0.08 0 0.51
(4.19) (0.26) (0.4) (0.26) (0.02) (0.4)

observations 565 565 565 565 565 565

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 14: Impacts of primary education spending on municipal schools - threshold 4 (1,000 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.55 3.96 -0.32 7.83 8.15 -10.54
(5.67) (39.9) (3.19) (79.3) (82.44) (105.91)

observations 321 321 321 321 321 321

schools’ structure
sport court biblio tv tv projector number pc internet

primary education -1.11 -4.25 1.07 -8.06 -68.58 -5.14
(13.3) (43.25) (14.57) (81.26) (702.06) (51.76)

observations 321 321 321 321 321 321

teacher’s qualification
number students per teacher major degree bachelor secundary primary professional course

primary education -12.18 -3.96 15.24 3.74 0.22 9.3
(162.14) (39.15) (152.95) (36.91) (2.3) (94.81)

observations 321 321 321 321 321 321

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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7.2 Enrollments on state, municipal and particular networks

Next, we estimate the FPM impacts on the number of students enrolled on state,

municipal or private schools, in the city receiving the extra FPM. We find a positive

impact on municipal enrollments in cities near thresholds 2 and 3, 1.06% and 0.83%,

respectively. Also, there are negative and significant impacts on enrollments in state

schools, ranging from 2% to 6% in cities near the first three thresholds.

Table 15: Impacts of primary education spending on enrollments

education network
state municipal private

threshold 1
primary education -2.05** 0.44 0.3

(0.99) (0.42) (0.62)
observations 931 1031 608

threshold 2
primary education -6.06* 1.06*** 0.02

(3.1) (0.3) (0.8)
observations 687 791 561

threshold 3
primary education -4.56*** 0.83** 0.84

(1.57) (0.39) (1.02)
observations 504 565 427

threshold 4
primary education 2.49 -4.37 3.64

(21.12) (55.89) (31.56)
observations 287 321 278

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the logarithm of enrollments as dependent
variable. We use the logarithm of primary education spending as independent variable

in the second stage.

8 Conclusions

We use a quasi-experiment to measure the effect of an exogenous increase of an

unconditional transfer to municipalities, the FPM, on municipal IDEB, the official index

to measure local primary education quality. We explore the institutional rule of FPM

distribution according to local population brackets, which allows the estimation of Regressions

using a Discontinuity Design (RDD). We also estimate the FPM impacts on school

resources and spillovers on state schools and neighboring cities.
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We find positive and significant impacts of FPM on IDEB. The estimates for all the

data are confirmed by more robust estimations using RDD regressions. The effect is

concentrated on approval rates of the initial years of the first cycles. The impact on

second grade passing rate reaches 48% in municipalities with about 23,773 inhabitants,

using 2SLS with fixed effects. Passing rates in the third and fourth grades increase due

to FPM, but at a lower rate than occurs in the second grade. The lower impact is in first

grade, a maximum of 16.71%.

The effect on Prova Brasil scores, a federal test applied to students of the fifth and ninth

elementary grades, are numerically small, but generally significant, reaching a maximum

of 0.35% increase for each 1% increase in FPM. The effect on IDEB is small but significant

in all specifications, ranging from 0.53% to 0.66% for each 1% increase on FPM per capita,

2SLS regressions with Fixed-Effect and cities near the FPM thresholds.

We seek to assess the possibility of education spending externalities on the state

schools’ IDEB. The effects on the state system occurs especially in the first cycle, on

average 70 % of the effect on the local network. We also estimate the FPM impacts on

the public municipal school’s IDEB in neighboring cities with up to 5,000 inhabitants.

Effects on first cycle test scores in the neighboring cities are greater than the effects on the

city itself, especially when the city receiving the extra FPM is in the largest population

group. In this case, the effect on neighbors’ mean scores is almost twice the size of the

effect in the city itself.

Overall, the results indicate strong FPM impacts on IDEB and spillovers on state

schools and on neighboring cities. Although there are effects on test scores in state and

neighboring cities municipal schools, the FPM impact on own and neighboring cities’

passing rates are outstanding. The most plausible hypothesis is that FPM increases

spending on education and health, the both helping to improve learning proficiency. The

extra amount make schools increase the pass rate, probably attracting students from

neighboring cities and state schools.

We also estimate the impacts of primary education spending on schools’ resources and

teachers’ qualification, using data from the Education Census, using the discontinuities

as exogenous shocks on local education spending. We test if more money spent on

education improves teaching conditions in the municipal education system. In the cities

with population near the thresholds, the impacts of education spending on public teaching

quality, measured by schools’ structure and teachers’ qualification, are not significant in

most of the regressions. A particular explanation that should be explored better is that

education spending, even when increased, is wasted on others ways that to not improve

education teaching, as rent-seeking activities. That is reasonable because small cities have

worst structure conditions and it is hard to attract more qualified teachers to them. Also,

the competition between schools and teachers are very restricted in there areas.

An important question investigated is whether spending on functions other than
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education are more efficient to improve the ability of students than spending on schools

and teachers. Health expenditures, for example, which are made especially on primary

care in the cities of our data, positively influence social and health conditions of families,

thus increasing passing rate and the learning capacity of students. We estimate OLS

regressions of education and health spending on IDEB to estimate the correlation of these

particular expenditures and the quality of education, in cities near the thresholds.

There are evidences that educational expenditures impacts on IDEB and its components,

but in general the effects are lower than estimated using FPM per capita. The regression

R2 are very smaller and lower than 5% in almost all the cases. Meanwhile, the effects of

health expenditures are pretty bigger, and not far from the FPM estimates. Also, R2 are

greater than 10% in many cases. The impacts of health expenditure is crucial because it

is the second biggest local budget expenditure, just after education. The results suggest

that health expenditures are more efficient to increase education quality than educational

expenditures itself.
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setor público: aplicado à União, aos Estados, ao Distrito Federal e aos
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Pesquisa Econômica Aplicada, Braśılia.
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Table 16: Impacts of primary education spending on public schools conditions - OLS with all the data

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.01*** -0.03*** -0.00* -0.04*** -0.11*** -0.02*** -0.07***
population -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***
pop2 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00***
constant 0.91*** 1.15*** 1.01*** 1.26*** 1.53*** 1.12*** 0.90***

R2 0.08 0.01 0.01 0.04 0.06 0.02 0.04
Obs 12445 12445 12445 12445 12445 12445 12445

schools’ structure
sport court biblio tv tv projector number pc internet

primary education -0.09*** -0.12*** -0.10*** -0.10*** -1.05*** -0.11*** -0.07***
population -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***
pop2 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00***
constant 1.07*** 1.40*** 1.52*** 1.23*** 14.79*** 1.23*** 1.41***

R2 0.04 0.07 0.06 0.07 0.04 0.04 0.04
Obs 12445 12445 12445 12445 12445 12445 12445

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education 0.43*** 0 -0.12*** 0.12*** 0.00*** -0.06*** -0.00*
population 0.00*** -0.00*** -0.00*** 0.00*** 0.00*** -0.00** -0.00***
pop2 -0.00*** 0.00*** 0.00*** -0.00*** -0.00*** 0.00** 0.00***
constant 2.17*** 0.58*** 1.67*** -0.65*** -0.02*** 1.01*** 0.01***

R2 0.08 0.01 0.08 0.08 0 0 0
Obs 12445 12445 12445 12445 12445 12445 12445

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use per capita values of primary education spending, in logarithm.167



Table 17: Impacts of primary education spending on public schools conditions - FE with all the data

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.02*** 0 0 0.00** 0.01*** 0 0.02***
population -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***
pop2 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00***
constant 0.88*** 0.97*** 1.00*** 0.97*** 0.67*** 0.99*** 0.31***

Obs 12445 12445 12445 12445 12445 12445 12445

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0 -0.05*** 0.03*** 0.01*** 0.46*** 0.02*** 0
population -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***
pop2 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00***
constant 0.42*** 0.92*** 0.67*** 0.48*** 4.60*** 0.38*** 0.95***

Obs 12445 12445 12445 12445 12445 12445 12445

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education -0.27*** 0 -0.02*** 0.02*** 0.00** -0.06*** 0
population 0.00*** -0.00*** -0.00*** 0.00*** 0.00** -0.00** -0.00***
pop2 -0.00*** 0.00*** 0.00*** -0.00*** -0.00** 0.00** 0.00***
constant 6.79*** 0.58*** 0.98*** 0.01 0 1.01*** 0.01***

Obs 12445 12445 12445 12445 12445 12445 12445

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use per capita values of primary education spending, in logarithm.
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Table 18: Impacts of primary education spending on public schools conditions - 2SLS with all the data

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.05*** 0.20*** 0 0.18*** 0.87*** 0.11*** 0.68***
population -0.00*** 0.00*** -0.00*** 0.00*** 0.00*** 0.00*** 0.00***
pop2 0 -0.00*** 0.00*** -0.00*** -0.00*** -0.00*** -0.00***
constant 0.71*** -0.34** 1.03*** -0.17 -4.81*** 0.26** -3.93***

Obs 12445 12445 12445 12445 12445 12445 12445

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0.66*** 0.74*** 0.65*** 0.77*** 12.51*** 0.97*** 0.41***
population 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00*** 0.00***
pop2 -0.00*** -0.00** -0.00** -0.00*** -0.00*** -0.00*** -0.00***
constant -3.83*** -4.21*** -3.32*** -4.42*** -73.12*** -5.74*** -1.72***

Obs 12445 12445 12445 12445 12445 12445 12445

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education -4.27*** 0.80*** 0.26*** -0.25*** -0.02*** 0.59*** 0.01***
population 0 0.00*** 0 0 -0.00*** 0.00*** 0
pop2 0.00*** -0.00*** 0 0 0.00*** -0.00*** 0
constant 32.64*** -4.59*** -0.84*** 1.72*** 0.12*** -3.22*** -0.04***

Obs 12445 12445 12445 12445 12445 12445 12445

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use per capita values of primary education spending, in logarithm.
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Table 19: Impacts of primary education spending on municipal schools - threshold 1 (500 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.13 0.42 -0.01 0.3 0.53 0.44
population 0 0.01 0 0.01 0.01 0
pop2 0 0 0 0 0 0
constant 5.34 -31.48 2.03* -26.85 -56.67 -22.01

Obs 461 461 461 461 461 461

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 0.25 0.04 0.08 0.22 8.08 0.77
population 0 0 0 0 0.08 0.01
pop2 0 0 0 0 0 0
constant -7.17 -2.24 -19.41 -13.7 -417.77 -38.73

Obs 461 461 461 461 461 461

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education -5.28 1.83 -0.47 0.5 -0.03 1.72
population 0.04 0 -0.01 0.01 0 0.03
pop2 0 0 0 0 0 0
constant -178.92 13.56 29.51 -28.75 0.25 -141.63

Obs 461 461 461 461 461 461

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 20: Impacts of primary education spending on municipal schools - threshold 2 (500 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education -0.53 1.64 -0.08 0.12 6.46 3.74
population -0.01 0.01 0 0 0.06 0.04
pop2 0 0 0 0 0 0
constant 59.77 -111.14 2.46 -21.05 -471.12 -292.58

Obs 356 356 356 356 356 356

schools’ structure
sport court biblio tv tv projector number pc internet

primary education 4.23 4.47 3.81 4.34 96.39 4.44
population 0.04 0.04 0.04 0.04 0.97 0.05
pop2 0 0 0 0 0 0
constant -297.21 -332.76 -285.35 -330.06 -7267.76 -343.39

Obs 356 356 356 356 356 356

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education -36.22 3.86 -1.43 1.8 -0.37 4.99
population -0.32 0.04 -0.01 0.01 0 0.04
pop2 0 0 0 0 0 0
constant 2401.55 -286.08 69.32 -89.81 21.49 -297.95

Obs 356 356 356 356 356 356

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 21: Impacts of primary education spending on municipal schools - threshold 3 (500 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education 0.05 -0.13 -0.1 0.13 0.72 0.31
population 0 0 0 0 -0.01 0
pop2 0 0 0 0 0 0
constant 12.73 17.68 5.18 34.3 57.73 13.35

Obs 242 242 242 242 242 242

schools’ structure
sport court biblio tv tv projector number pc internet

primary education -0.04 -0.25 0.22 -0.04 2.27 0.19
population 0 0 -0.01 -0.01 -0.04 0
pop2 0 0 0 0 0 0
constant 25.41 40.97 106.25 67.31 303.92 11.86

Obs 242 242 242 242 242 242

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education -7.51 0.11 -0.65 0.65 0 0.18
population 0.03 0 0.01 -0.01 0 0.01
pop2 0 0 0 0 0 0
constant -224.29 -19.84 -82.41 84.75 -1.34 -48.17

Obs 242 242 242 242 242 242

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 22: Impacts of primary education spending on municipal schools - threshold 4 (500 inhab.)

schools’ services
alimentation sewage water light garbage collection lab info

primary education -0.82 -2.89 -0.45 -1.02 3.24 -3.93
population -0.01 -0.03 0 -0.01 0.05 -0.04
pop2 0 0 0 0 0 0
constant 129.89 371.77 60.21 95.21 -549.03 435.84

Obs 189 189 189 189 189 189
schools’ structure
sport court biblio tv tv projector number pc internet

primary education -5.36 -6.61 -5.08 -1.89 -78.45 0.16
population -0.06 -0.06 -0.05 -0.01 -0.63 0.01
pop2 0 0 0 0 0 0
constant 674.27 743.45 581.54 176.77 7760.84 -78.03

Obs 189 189 189 189 189 189

teacher’s qualification
number of students per teacher major degree bachelor secondary primary professional course

primary education 12.03 5.62 -4.29 4.22 0.07 14.88
population -0.12 0.04 -0.05 0.05 0 0.15
pop2 0 0 0 0 0 0
constant 1347.13 -537.9 608.79 -600.57 -7.22 -1869.65

Obs 189 189 189 189 189 189

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the percentage of schools and teacher, the number of students per teacher and the number of
computers, all relative to the municipal network, as dependent variable. We use the logarithm of primary education spending as

independent variable in the second stage.
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Table 23: Impacts of primary education spending on small neighboring cities enrollments

education network
state municipal private

threshold 1
primary education 1.93 4.13 0.41

(1.99) (6.66) (1.74)
obs 848 1118 125

threshold 2
primary education -0.4 -0.64 -4.75

(0.61) (0.88) (9.14)
obs 515 687 104

threshold 3
primary education 2.9 1.41** 2.31

(2.79) (0.63) (3.93)
obs 403 530 87

threshold 4
primary education -2.26 7.42 -1.43

(2.74) (15.51) (3.42)
obs 231 289 36

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01 We use the logarithm of enrollments as dependent
variable. We use the logarithm of primary education spending as independent variable

in the second stage. We consider neighboring municipalities with less than 8,000
inhabitants.
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Chapter 3:  

 

Adding political information 



Fiscal federalism, electoral choice and political competition in

Brazilian municipalities∗

Marcelo Castro†

Abstract

In this paper, we have four objectives for analyzing FPM impacts impacts on political
variables. The methodology is based mainly on the quasi-experiment explored in the previous
chapters - we estimate Regressions in Discontinuity Design around the four population
thresholds where there are sharp changes on the transfer. First, we estimate the impact of
the Municipalities’ Participation Fund (Fundo de Participação dos Munićıpios – FPM), the
principal federal transfer to Brazilian small cities, on the local results of presidential elections.
In special, we want to test whether the extra resource benefits the central government
party, whereas the opposition party may lose votes. The hypothesis is that FPM is a
key aspect of Brazilian federalism, as enforcing economic dependence of small cities and
central government, it can be a channel of political alignment - it is more hard to a mayor
opposite the federal government when the city is very dependent of resources. The results
show great effect of per capita FPM on votes for central government party and a negative
effect for the opposition. The effects are increasing through the last three elections. We
control for local spending and the results are stronger and more significant - cities more
FPM dependent are more likely to have victories to the central government party. Second,
we estimate the impacts of FPM on municipal elections for mayors and the results show that
central government party is again more benefited. Our third goal is to estimate the FPM
effects on political competition, measured as the number of candidates and the margin of
victory in the mayor election, but the results are not conclusive. Finally, we remake the
estimations of the previous chapters controlling for each municipality and neighbor’s party,
exploring the low margin of victory as a quasi-experiment, and we find that the spillover
on educational outcomes are bigger when the neighbors have more population and the own
and neighbors’ mayors are from the same party. Overall, the results indicate the existence
of political channels for spillover effects.

Keywords: Program evaluation, Fiscal Federalism, Political Competition, Yardstick Competition.
JEL - Classification: H72, H77, D72, C90

∗We thank the participants in ANPEC 2015 seminars for important contributions.
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Resumo

Neste artigo, temos quatro objetivos para análise dos impactos do Fundo de Participação
dos Munićıpios (FPM), o principal recurso federal aos munićıpios brasileiros, sobre variáveis
poĺıticas locais. A metodologia considera o quase-experimento explorado nos caṕıtulos
anteriores - nós estimamos Regressões em Descontinuidade ao redor dos quatro primeiros
limiares de mudança de coeficiente populacional do FPM. Primeiro, nós estimamos o impacto
do FPM sobre os resultados locais das eleições presidenciais. Em especial, nós queremos
testar se o recurso beneficia o partido do governo central, enquanto a oposição no plano
federal pode perder votos. A hipótese é que a maior dependência econômica das cidades
pequenas em relação ao governo central pode ser um canal de alinhamento poĺıtico, pois
é mais dif́ıcil que um prefeito faça oposição ao governo federal quando depende dele. Os
resultados mostram um efeito positivo sobre votos para o partido central e negativo para
a oposição. Os efeitos aumentaram nas últimas três eleições, e o impacto é ainda mais
significante quando adicionamos o gasto local como controle, o que mostra que o partido
central tem mais chances de vencer em cidades mais dependentes do FPM. Segundo, nós
estimamos o efeito sobre a votação municipal para prefeito, e novamente o partido do governo
central é beneficiado com mais votos, embora dessa vez os resultados são menos significantes,
especialmente quando controlamos pela despesa orçamentária. Nosso terceiro objetivo é
estimar os efeitos do FPM sobre a competição poĺıtica, medida pelo número de candidatos
e pela margem de vitória nas eleições para prefeito, mas os resultados não são conclusivos.
Finalmente, refazemos as estimativas dos caṕıtulos anteriores controlando pelo partido dos
prefeitos e explorando a baixa margem de vitória nas eleições como um quasi-experimento.
Existem evidências que o spillover sobre os resultados educacionais são maiores quando os
vizinhos têm mais população e os prefeitos são do mesmo partido. No geral, os resultados
indicam uma existência de canais poĺıticos para os efeitos de externalidade do FPM que
encontramos nos caṕıtulos anteriores.

Palavras-chave: Avaliação de poĺıticas públicas, Federalismo Fiscal, Federalismo Poĺıtico.
Classificação - JEL: H72, H77, D72, C90



1 INTRODUCTION

1 Introduction

In this paper, we add political variables to the discussion of FPM spillovers. We want to answer

if: i) there are own and spillover FPM impacts on local election for mayor and president; ii) The

probability of changing a population brackets depends on the mayor party; iii) FPM impacts

on political competition; iv) neighbors’ FPM impacts depends whether the neighboring cities’

mayors are from the same party. We look separately for the 3 most important parties in the

national and local scenarios: Partido dos Trabalhadores (PT), Partido da Social Democracia

Brasileira (PSDB) and Partido do Movimento Democrático Brasileiro (PMDB).

The estimation method uses a discontinuity in the FPM transference according to population

brackets defined by law, which allows the use of Regressions in Discontinuity Design near the

population thresholds. This is the same approach used in the others chapters of this thesis. We

again use neighboring cities close to a different threshold. The paper that is most close to our

approach is Litschig and Morrison (2012), who uses 1980 data and find positive impacts of FPM

on mayor reelection.

One of the main hypothesis for fiscal spillover is the model of yardstick competition (Besley

and Case, 1995). In this model, voters have imperfect information about the local cost of

providing public services, and bad incumbent mayors may deviate public money without being

caught. Is this multijurisdictional world, the voters may look the neighboring cities performance

to evaluate the own city public sector, if these cities face correlated shocks. This is the case of

our sample of cities and neighbors near different FPM thresholds. In equilibrium, this may lead

bad mayors mimicking the neighbors’ fiscal and tax performances.

Our first goal is to investigate the effect of the most important federal transfer to Brazilian

municipalities, the Municipalities’ Participation Fund (Fundo de Participação dos Munićıpios –

FPM), on municipal electors behavior in presidential elections. We contribute to understand

the linkages between the fiscal and political federalism systems in Brazil. Our hypothesis is that

it is more difficult for local politicians and populations to stand as opposition to the federal

government when they are economically dependent of federal transfers.

Workers’ Party (Partido dos Trabalhadores - PT), a left-wing party, is in central government

power since 2002, and its electorate is progressively more concentrated on the poorer population.

Also, there is a reduction in the votes for PT, in elections for president and mayor, in the biggest

cities, while the margin of victory has risen in inland small towns, specially since 2006 election.

One of the main factors explaining this shift is the social program Bolsa Famı́lia, which is

very concentrated in the small towns. This program, which consists basically in a monetary

transfer to poorer families, has strong impacts on the reduction of poverty and represents a

direct link between central government and poor people. In this paper, we explore a different

explanation for the central party margin of victory in small towns, that is, cities more dependent

of federal transfers have more propensity to vote for the federal government party.

We also estimate the effects of FPM on local political competition to test if a bigger local

budget revenue is an incentive to attract more people to local politics and increases local

competition in mayor elections. We do not find conclusive results, as opposed to Ferraz and

Finan (2011), that find that higher wages for local legislators increase political competition and

legislative performance, while attracting more qualified candidates.
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2 DATA

Finally, we review the regressions from the previous chapters, controlling for political competition

and mayors’ parties in local elections for neighboring cities. We expect to identify if the spillover

effect previously estimated may be due to political competition in local level, as predicted by

models as yardstick competition.

In the next section, we detail the data to the be used in the regressions. Section 3 is

dedicated to some descriptive analysis. We present a brief institutional evolution in Section

4 and the regressions to be estimated in Section 5, as well some balancing tests. In Section

6, we present the results for presidential elections and for mayors’ election in Section 7. We

add neighboring cities’ FPM spillover in Section 8. We estimate the FPM impacts on political

competition in Section 9, and, finally, we review some regressions of the last chapters, controlling

for political variables, in Section 10. In Section 11 we make the final remarks.

2 Data

The data sets used in the paper came from two sources for fiscal and elections data for the

municipal level in Brazil. Fiscal data from the FPM distribution for the municipalities came

from STN -National Treasury Secretary. We also explore a different data source, not used in

the others chapters and in the most important papers in the literature: the effective transferred

FPM for each city, which we get also from STN. This allows the causal estimation without using

a first stage regression, in which we used to correct the declared FPM for the theoretical one.

We take data of local elections for president and mayors from Superior Electoral Court of Brazil

(Tribunal Superior Eleitoral - TSE) and from IPEADATA.

Table 1 summarizes some aspects of Brazilian fiscal decentralization. We selected the main

sources of revenues for the municipalities. Small cities are more dependent of FPM transfer and

of the main state transfer (a share of ICMS, a state tax). The municipal tributes, municipal

taxes and other tributes that are municipal responsibility represent only 4% of the revenues

of the smallest group. This mean that for small municipalities we find a total dependence on

transfers from federal and state level.

Table 1: Brazilian municipalities descriptive analysis according to population size

population tax Revenue FPM ICMS transfer per capita FPM Number cities
in 1,000 % of Revenue % of Revenue % of Revenue in reais (R$)

5 4.00 50.20 20.90 1,225.45 1301
5-10 5.40 36.20 22.00 589.77 1212
10-20 5.60 33.30 19.20 468.02 1401
20- 50 8.70 25.70 20.00 351.39 1043
50-100 11.10 18.80 21.70 254.37 325
100- 200 15.30 13.90 23.20 216.1 150
200-500 19.80 9.50 23.40 156.23 95
500-1.000 20.50 7.40 23.50 123.13 23
1.000 34.30 3.90 16.70 78.82 15

Population scaled in 1,000 inhabitants. We use the percentage value of the city FPM and
ICMS share, according to the total budget revenue. Data from 2002-2012. Per capita FPM is

in reais (R$).
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3 Descriptive analysis

3.1 FPM and votes distribution

In this section we graphically explore some stylized facts of politics and votes in Brazil, emphasizing

the spatial distribution and according to the population of the municipalities1 . Figure 1 shows

the difference on the percentage of votes between PT and PSDB on the first round of presidential

elections of 2002, 2006, 2010 and 2014 per classes of population. Two tendencies are clear. First,

we can see that PT is progressively increasing his margin of votes in the Northeast. On other

hand, PT started also to increase the share of votes in the small municipalities an opposite

situation compared to 2002.

Figure 1: Percentage of valid votes for PT on the first round of presidential elections, according
to local population

Figure 2 shows the spatial distribution of the dependence of the FPM, measured by the

percentage of the FPM to the Total revenues available for the municipalities. On the red

zones, FPM represents more than 50% of total municipal revenues. The regions with the higher

dependence are on the Northeast and state of Minas Gerais.

Figure 3 shows the spatial distribution of the proportion of families that receive Bolsa Familia

families on total number of families. The Northeast is also the region were the concentration of

Bolsa Familia beneficiaries.

Figure 4 shows the relative difference on votes on PT and PSDB in 2010 presidential election.

We see a great spatial overlap of votes for PT, Bolsa Famı́lia and FPM. The margin in favor of

PT is higher on the regions where Bolsa Familia and FPM dependence are higher.

1We let to the appendix some extra statistics for local variable controlling for mayors’ parties.
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Figure 2: Spatial distribution of FPM relative to total budget revenue - 2010

Despite being the preferred party of the inland electorate in the last presidential elections, PT

is not the party with more mayors in the small towns. Figure 5 shows the distribution of parties

among cities with up to 30,000 inhabitants in 2007. PT is the party with less representation

in this sample, while PMDB has more mayors when the local population is fewer than 15,000

inhabitants. For cities with population ranging from 15,000 to 30,00 inhabitants, PT and PSDB

has a similar number of mayors.

3.2 FPM, population evolution and mayor’s party

In this section, we analyze the population distribution and the population growth, controlling

for political information on local level. We have seen in the first chapter that the population

distribution presents discontinuities near the thresholds. Nonetheless, we argued that the

population growth is still continuous and can not be precisely manipulated, which validate

the RDD estimation.

Figure 6 shows the population histogram for municipalities with up to 30,000 inhabitantes,

according to the mayor party, to the years 2007 and 2010, when there were population censuses.

The picks after the FPM thresholds are clear as we have already demonstrated, but this is less

clear for mayors of PT and PMDB in the cities near 23,772 residents. One explanation is that

mayors aligned with federal government can be compensated with more conditional transfers,

which reduces the incentives to cross the thresholds.

Instead of the manipulation in the censuses years, there are no evidences of systematic
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Figure 3: Spatial distribution of Bolsa Famı́lia beneficiaries as a percentage of local population
- 2010

manipulation due to the mayor’s party, which should invalidate the RDD estimates. In Figure

7, we present the population growth estimates, according to the mayor party, to the all period

2002-2012. In general, the curve is around the overall population curve, presented in the first

chapter. Cities governed by PT present more variation in the population growth, which may be

due to the smaller sample size.

4 Institutional evolution

4.1 Decentralization and Fiscal Federalism

Since the end of Military Dictatorship in the beginning of the 1980s, Brazil started an important

process of decentralization. After a long cycle of centralization of power and resources on the

federal government the end of the Military dictatorship allowed the political, administrative and

fiscal decentralization. The new Constitution approved in 1988 marked the attempt to reduce

the centralism of the previous period and promote decentralization.

One of the main results of this process was a transfer of fiscal autonomy to the subnational

levels, not only from the federal government to the states, but also from the federal level

to the municipalities, which assumed duties on Health and Education administration (Mora

and Varsano, 2001) (Kelly and Gasparini, 2007) (Serra e Afonso, 1999). The mechanism of

decentralization used in Brazil privileged constitutional transfers instead of fiscal autonomy

for the lower levels of government (Kelly and Gasparini, 2007). The criteria designed for

redistribution of central resources was design to reduce regional inequality. The result is that the

poorest regions receive proportionally higher amount of the federal transfer Serra and Afonso
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Figure 4: Difference of votes for PT and PSDB as the share of local electorate - 2010

(1999).

The most important federal transfer for the municipalities is the FPM, which is composed

for 23.5% of two federal tributes’ - IPI (Industrial Products) and IR (Income Tribute). FPM

constitutional distribution criteria changed after 1988 but the main criteria of distribution

divides the municipalities on two groups: State capitals and interior municipalities. The State’s

capitals has 10%, the interior municipalities 86.5% and 3,6% of a reserve. The most important

criteria of distribution for fiscal decentralization is the distribution for the interior municipalities.

The distribution is based on classes of population arbitrary defined on the legislation (STN,

2012). The main pattern regarding this distribution is that the per capita transference is higher

on the small municipalities.

4.2 Political evolution in the last elections2

After re-democratization in 1988, Brazil had seven presidential elections in 1989, 1994,1998,

2002, 2006, 2010 and 2014. The dispute for president is done in two rounds if the winner

candidate do not earn the dispute with the majority of the valid votes (excluding null votes), and

the vote is mandatory for all citizens. Two parties, PT and PSDB, polarize the political national

scene. After 1994 these parties together received 70% to 90% of the valid votes. Fernando

Henrique Cardoso (PSDB) won in 1994 and 1998 in the first round. All others elections for

president took two rounds to achieve a final result.

After losing three presidential elections on second place, PT finally won in 2002. It opened a

sequence of four victories, the longest sequence of a single party in Brazilian democratic history

with the elections of Lula in 2002 and 2006 and Dilma in 2010 and 2014. Along this time,

2This is mainly based on Castro and Cisalpino (2015)
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Figure 5: Distribution of biggest parties on town halls in cities with up to 30,000 inhabitants

Linear polynomial regressions estimates. Confidence interval is omitted but its inclusion does
not change the analysis.

political scientists identified a shift on the socioeconomic profile of the political supporters of

PT. Singer (2010) proposed the term Lulism (“Lulismo”) to classify this process. Lulism is the

set of political forces who supported Lula politically and guaranteed his re-election in 2006. By

this time, PT lost votes in the middle class, which historically voted in the party, and got more

supported from the poorer families, specially because of the transference of Bolsa Famı́lia to

these families. Nobre (2010) on other hand pointed that both PT and PSDB, the main opposite

party, orbit the center of political center represented by PMDB, the main central party in Brazil.

They both agree that lower socioeconomic classes joined Lula in 2006 after rejecting him in the

four preceding elections, 1989, 1994, 1998 and 2002, and these groups were very important for

PT victories in the 2010 and 2014 elections.

The shift on Lula’s electoral base was also explored by a more quantitative approach such

as in Zucco (2013), and Peixoto (2007). These authors explore the rule of Bolsa Familia on

this process. The income distribution program Bolsa-Familia is a very focused program on the

very poor which naturally overlaps with political preference for PT. The role of Bolsa Familia

for Lula reelection is widely debated. Most of the studies agree and find significance positive

impact of Bolsa Familia in the option for PT on presidential elections. (Shikida et al, 2009;

Zucco, 2013; Liccio et all, 2009).

The concentration of votes on PT and its main opposition PSDB correlates with indicators

of socioeconomic status such as income and education, while PT base support shifted from

urban affluent sectors, with more schooling and income, located in the biggest cities to the

poor and mostly of the very poor people. (Singer, 2010). Brazil in this sense became a very

politically polarized country divided between rich and the poor, with the poor supporting PT

after 2006 and the rich supporting the PSDB, which is the main political rival of PT. This

pattern is identified in multiple geographical scales. Inside big metropolitan urban areas as São

Paulo, PT supporters are from poorer population concentrated on the periphery of tur urban

center, (Carvalho, 2009) but also on national scale, the concentration of supporters from PT is
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Figure 6: Population histogram according to the mayor party: (A) PT; (B) PMDB; (C) PSDB;
(D) others

located in the less developed regions of the country, mainly the North and Northeast regions.

Geographically the poorest regions in Brazil in the Northeast and in the North are the main

political basis for PT after 2006.

The transition of the political supports of PT for the poorest regions of Brazil has some

important implications. The difference in votes from the wining candidate compared to the

second place is higher on places with higher population size and level of urbanization. This

condition implicates that on the smaller municipalities is more difficult for the opposition of

the ruling forces to win. Marenco dos Santos (2013) points that the smaller the municipality

size, the lower the level of political competition and the higher the alignment with the federal

government , as in 2008 election 70% of the mayors elected were align with the ruling coalition

of the federal government. The alignment with the federal government constitutes an important

electoral capital for the ruling coalition at the national level.

One additional aspect of this shift is the federal transfers dependence in the regions that are

now supporting PT. The fiscal decentralization process in Brazil favored some regions instead

of others and the Northeast was one of the regions most benefited by the fiscal decentralization

process in Brazil after 1988 Constitution. Therefore, while the electoral base of PT shifts to

the Northeast, it goes to regions were the municipalities have a high dependence on the federal

transfers. On that sense, the shift in political scene of PT supporters in the poorest Northeast has

an interesting overlapping with some remarkable aspects of Brazilian federalism. This process

might have electoral implications. In this view, it is hard to separate in which extent the PT

shift to the poorer smallest cities is a characteristic of Brazilian federalism itself - independently

of the party in federal power, it may receive more votes in these areas.
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Figure 7: Population growth according to the mayor party: (A) PT; (B) PMDB; (C) PSDB;
(D) others

5 Empirical strategy and local electorate balancing3

Our estimation methodology follows closely the literature that uses FPM population thresholds

to estimate causal impacts of FPM, in special Listchig (2012), Brollo et al (2013), Avarte et al

(2013) and Castro et al (2015). The strategy consists of using FPM law that determines the

FPM distribution according to FPM brackets. The principal hypothesis is that the thresholds

are exogenous and any difference on potential variables comparing cities immediately on the

right and on the left of the threshold are due to the extra FPM given the legal rule. We follow

the hypothesis and discussions presented in Castro et al (2015) that guarantees the identification

of FPM variation near the thresholds.

We analyze municipalities that receive an extra FPM given a marginal population variation

in the estimation window. Control cities are on the left of the cutoffs and treatment on the

right. This is a special case of Regression in Discontinuity Design, which is further explained in

Lee and Lemieux (2010).

We use the four FPM thresholds in our population sample range: 10,189; 13,585; 16,891;

22773. We estimate RDD effects using Two-Stage Least Square (2SlS) regressions in regions

around the thresholds. According to Angrist (1999), 2SLS consistently estimates the causal

impact. The specification of the first stage can be described as:

FPMi = λ0 + λ1theoricalFPMi + λ2pi + λ3p
2
i + vi

where p is the population of the municipality in a given period. In the first stage, we correct

3The empirical strategy is almost the same of the last chapters. The main difference is that we use OLS
especification in most of the regressions, considering the effective FPM transference, instead of correcting the
declared FPM for the theoretical FPM in a first stage.
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for declaration error in FINBRA database, which could bias the results. The estimation of the

second stage consists of:

Vi = α0 + α1pi + +α2p
2
i + τFPMi ∗ +α3Xi + ui

where Vi is the number of votes for PT candidate (or the margin of victory) and FPM∗
is the FPM per capita estimated on the first stage. τi is the coefficient of interest and X are

controls added later. u is the idiosyncratic error term, grouped by cluster of municipalities to

fix the variance of each city over time (Wooldrigde, 2002). We also estimate an alternative

specification, in which we use the FPM actually transfered as independent variable, with the

need of the 2 stage procedure.

We analyze in Figure 8 the balancing between treatment and control groups relative to the

size of the electorate. We estimate local polynomial regressions on the right and on the left of

the thresholds, and there is no clear impact of FPM on the city number of votes4. We conclude

that FPM does not influence general propensity to vote, as there are no migration of votes

correlated with this transfer.

Figure 8: Total of electors according to local population

6 FPM and presidential elections

6.1 Estimates with all sample data

Table 2 shows the estimates using Ordinary Least Square (OLS) and Instrumental Variable

(IV) regression, in which we use all Brazilian cities with fewer than 30,000 inhabitants. We use

electoral data of number of votes for PT and PSDB in the last 3 presidential elections, and for

each one we use fiscal variables of all the years before.

OLS estimates indicate a positive correlation between per capita FPM and votes for PT

in first and second round of 2006 elections, but there is no effect in 2010 and even a negative

4A detailed analysis of the FPM balancing around the thresholds can be find in Castro et al (2015).
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correlation in the first round of 2014. On the same time, votes for PSDB in 2006 have a negative

correlation with FPM, but the absolute magnitude reduced through time.

TheR2 of OLS regressions indicates a strong correlation between electors decision, population

and FPM transferred to a city, reaching 81% on the 2010 regressions for PT. The IV estimates,

with the theoretical FPM as instrument in the first stage, are less significant, but also reveal

that the FPM impact on votes for PT has a decreasing trend in the last few elections. These

correlations are good as an overall insight of how our variables are related, but they do not

necessarily indicate causality. In the next section, we use a more robust estimate of the direct

impact of an exogenous FPM variation on votes for PT and PSDB.

Table 2: Effects of FPM on votes for PT - OLS and IV regressions

OLS IV

2006 2010 2014 2006 2010 2014

PT 1tr
FPM 0.10*** -0.01 -0.03** 0 -0.05** -0.13***

R2 0.74 0.8 0.7 0.73 0.8 0.7
obs 22065 39338 47817 8794 26067 34546

PT 2tr
FPM 0.12*** 0.03* 0 0.01 0.01 -0.06***

R2 0.8 0.81 0.75 0.79 0.81 0.75
obs 22065 39338 47817 8794 26067 34546

PSDB 1tr
FPM -0.18*** -0.13*** -0.09*** -0.11* -0.05* -0.04

R2 0.52 0.51 0.38 0.52 0.51 0.38
obs 22065 39338 47817 8794 26067 34546

PSDB 2tr
FPM -0.16*** -0.14*** -0.09*** -0.09 -0.03 0.01

R2 0.48 0.55 0.5 0.48 0.55 0.5
obs 22065 39338 47817 8794 26067 34546

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use declared FPM in level(R$) as the
independent variable and total of votes in each party as dependent variable. The IV estimates
are made using 2SLS, in which we correct the declared FPM for the theoretical FPM in the

first stage. Estimated standard deviations are clustered in the local level. Data from
2002-2012. Covariates omitted.

6.2 RDD regressions

For now on, we analyze the impacts estimated by RDD, considering a 500 inhabintants windows

around the thresholds. We present in Table 3 the effects on votes for PT on the left and on

votes for PSDB on the right; the first column shows the effect using all the thresholds together,

and the others the separate effect for each threshold. Also, we separate the effects for votes on

each round for the last 3 presidential campaigns: 2006, 2010 and 2014. The left side of Table 3
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shows a very little impact of FPM on PT voting, and even a negative effect in the 2014 election.

The right side shows no evidence of FPM impacts on PSDB votes.

Table 3: Effects of FPM on presidential elections - RDD regressions

votes for votes for
PT PSDB

thresholds 1-4 1 2 3 4 1-4 1 2 3 4

2006 1tr
FPM 1.55 6.08** 1.05 -4.12 17.22 -0.97 -1.83 -9.89 1.33 -13.41
obs 951 348 283 212 108 951 348 283 212 108

2006 2tr
FPM 1.98 5.41** -0.84 -1.61 28.01 -0.43 -0.72 -9.69 2.62 -16.15
obs 951 348 283 212 108 951 348 283 212 108

2010 1tr
FPM 0.18 0.37 0.32 0.4 -1.91 -0.21 0.18 -0.45 -1.32 2.26
obs 2781 1068 801 591 321 2781 1068 801 591 321

2010 2tr
FPM 1.05*** 1.02** 1.08 1.94* 0.25 0.31 0.5 -0.04 -0.06 3.38
obs 2781 1068 801 591 321 2781 1068 801 591 321

2014 1tr
FPM -0.78*** -0.34 -0.23 -2.19*** -1.13 -0.33 0.21 -0.84 -0.46 -3.07
obs 3813 1487 1079 807 440 3813 1487 1079 807 440

2014 2tr
FPM 0.06 0.11 0.44 -0.46 1.77 0.13 0.42 -0.27 0.42 -0.88
obs 3813 1487 1079 807 440 3813 1487 1079 807 440

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use variables in level and the city’s total votes
for each party. We make 2SLS estimates, in which we correct the declared FPM for the

theoretical FPM in the first stage. Estimated standard deviations are clustered in the local
level. Data from 2002-2012. Covariates omitted.

Table 4 repeats the regressions of Table 3, but we add the local budget expenditure (in

logarithm) as control. Although endogenous, controlling for local spending allows us to estimate

the impact of the increasing dependence on FPM, as we see the variance in FPM not correlated

to spending and naturally to a great portion of revenue and general economic impacts.

We think in this regression as the impact of FPM on elections in cities which FPM has no

economic impact. Suppose for example that Bolsa famı́lia is the meanly cause driving votes for

PT. In this case, if FPM impacts on economics or poverty, it may reduce the program number

of beneficiaries and also the votes for PT. Now, controlling for spending, we want to capture the

impact of the increasing dependence of FPM relative to the total expenditure, which is very close

to the local budget revenue. We take cities that receive an exogenous FPM due to population

increase, but keep their expenditures unchanged. In this situation, the FPM economic and social

impact should be low.

The left side of Table 4 shows a positive impact of FPM on votes for PT. The biggest impacts
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occur in small towns in the 2006 elections, but the impacts increases for the others ranges in

recent elections. Comparing Tables 3 and 4, wee see that there are more votes for the central

party in the cities most dependents of central transfers. The right side of Table 4 shows a

negative impact of FPM on votes for the opposition party, and this effect is increasing over

time, including in the biggest cities in our sample.

Table 4: Effects of FPM on presidential elections controlling for local expenditures - RDD
regressions

votes for votes for
PT PSDB

thresholds 1-4 1 2 3 4 1-4 1 2 3 4

2006 1tr
FPM 3.06* 7.50*** 2.18 -0.45 18.82 -4.63** -5.02* -12.93* -6.85 -20.46
obs 951 348 283 212 108 951 348 283 212 108

2006 2tr
FPM 3.17** 6.44** 0.13 1.75 27.05 -4.11** -4.01 -12.51* -5.3 -24.05
obs 951 348 283 212 108 951 348 283 212 108

2010 1tr
FPM 1.34*** 1.26*** 1.47* 2.32** 0 -2.45*** -1.30*** -2.71*** -5.05*** -2.56
obs 2781 1068 801 591 321 2781 1068 801 591 321

2010 2tr
FPM 2.20*** 1.94*** 2.22*** 3.81*** 2.36 -2.33*** -1.15** -2.62*** -4.27*** -3.17
obs 2781 1068 801 591 321 2781 1068 801 591 321

2014 1tr
FPM 0.96*** 1.10*** 1.56** 0.43 1.88 -2.88*** -1.61*** -3.54*** -4.53*** -8.66***
obs 3812 1486 1079 807 440 3812 1486 1079 807 440

2014 2tr
FPM 1.72*** 1.52*** 2.13*** 2.18** 4.74** -2.90*** -1.68*** -3.41*** -4.36*** -7.75***
obs 3812 1486 1079 807 440 3812 1486 1079 807 440

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use variables in level and the city’s total votes
for each party. We add the logarithm of total budget spending as control. We make 2SLS

estimates, in which we correct the declared FPM for the theoretical FPM in the first stage.
Estimated standard deviations are clustered in the local level. Data from 2002-2012.

Covariates omitted.

In Table 5, we analyze the FPM impacts on the margin of victory of PT from PSDB, relative

to the total side of the electorate5. In the left side, in which we do not control for local spending,

the effects are small and even negative in some population ranges in 2014 election. The tendency

reverses when we control for local spending on the right side. The effects are significant in 2010

and 2014 elections and increase over time. The effects are numerically big, representing an

increase of one third of the electorate in the margin of victory due to a 1% increase in FPM.

Table 6 presents a more robust estimation, in which we use the RDD regressions and the

panel of cities along the years. We control for city Fixed Effect, a method to eliminate bias due

to local idiosyncratic error constant over time. The Fixed Effect with Instrumental Variable

(FE -IV) calculate the effect of changing the FPM coefficient during the sample period due to

marginal population growth in the RDD estimation windows. We use again the PT margin of

5We define the dependent variable in this case as margin = votesPT−votesPSDB
totalelectorate

.
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Table 5: Effects on voting to president by election and round - difference PT - PSDB

control: without with
budget spending control

thresholds 1-4 1 2 3 4 1-4 1 2 3 4

2006 - 1tr
FPM per capita 0.57* -0.22 -0.51 -1.49* -2.09 -0.08 0.21 0.13 -0.59 -1.06

obs 950 348 283 211 108 950 348 283 211 108

2006 - 2tr
FPM per capita -0.57* -0.35 -0.52 -1.39* -1.4 -0.08 0.13 0.1 -0.5 -0.46

obs 950 348 283 211 108 950 348 283 211 108

2010 - 1tr
FPM per capita -0.06 -0.08 0.09 -0.16 -0.29 0.22*** 0.18** 0.41*** 0.19 0.02

obs 2719 1042 784 579 314 2719 1042 784 579 314

2010-2tr
FPM per capita -0.04 -0.04 0.11 -0.18 -0.29 0.26*** 0.24*** 0.44*** 0.18 0.07

obs 2719 1042 784 579 314 2719 1042 784 579 314

2014-1tr
FPM per capita -0.08** -0.11* 0.08 -0.23** -0.05 0.26*** 0.23*** 0.47*** 0.19* 0.30*

obs 3742 1457 1060 794 431 3741 1456 1060 794 431

2014-2tr
FPM per capita -0.07 -0.09 0.07 -0.22** -0.05 0.29*** 0.27*** 0.48*** 0.22* 0.33**

obs 3742 1457 1060 794 431 3741 1456 1060 794 431

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use logarithms of declared FPM and theoretical
FPM. We use per capita budget spending as control, in logarithm. The dependent variable is
the percentual difference of votes for PT less the votes for PSDB as a share of local electorate.

We make 2SLS estimates, in which we correct the declared FPM for the theoretical FPM in
the first stage. Estimated standard deviations are clustered in the local level. Data from

2002-2012. Covariates omitted.
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victory relative to the total as dependent variable. We separate the effects to the first round of

presidential elections (on the upper part) and to second (on the bottom). The results on the left

side, in which we do not control for local spending, shows a positive impacts on the PT relative

margin on the first round, whereas this effect becomes negative in the second round. Controlling

for local spending on the left shows that increasing FPM dependence impacts positively on PT

probability of victory, but this effect is concentrated in the first round when we control for local

fixed effect.

Table 6: Effects on voting to president by round - FE

control: without with
budget spending control

thresholds 1-4 1 2 3 4 1-4 1 2 3 4

round 1
FPM per capita 0.21*** 0.19*** 0.24*** 0.26*** 0.23*** 0.18*** 0.18*** 0.28*** 0.24** 0.13

obs 3742 1457 1060 794 431 3741 1456 1060 794 431

round 2
FPM per capita -0.11*** -0.09*** -0.13*** -0.12*** -0.18*** -0.08** -0.06 -0.08 -0.13 -0.27*

obs 3742 1457 1060 794 431 3741 1456 1060 794 431

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use logarithms of declared FPM and theoretical
FPM, and of the dependent variable, the difference of votes for PT less PSDB in presidential

elections. We use per capita budget spending as control, in logarithm. We make 2SLS
estimates, in which we correct the declared FPM for the theoretical FPM in the first stage. We
control for fixed effect and the estimated standard deviations are clustered in the local level.

Data from 2002-2012. Covariates omitted.

6.3 Mayor’s party and political competition

In this section, we test if the mayors are intermediaries in the presidential election, running as a

canvasser in these elections. Table 7 shows the results, where we the control for the local budget

expenditure. The first part of the table confirms a positive effect on PT’s margin of victory in

the first round, and negative in the second round. In the second part, we control for electoral

competition, that is, we consider cities where mayors won by less than 10% margin, in which

case the positive effects on votes for PT in the first round are stronger. Finally, we use in last

part of Table 7 a sample of municipalities with a margin of victory less than 10% and whose

mayors are not PT or PMDB, the main parties that support the federal government. In this

case, the positive effects for PT margin of victory are even greater in the first round.

The results are unexpected. One possible explanation is that the dependence of the FPM

cause more fiscal constraints in municipalities governed by opposition parties at the federal

level, since municipalities governed based on the parties can get more conditional transfers due

to political alignment.
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Table 7: FPM impacts on presidential elections, controlling for the mayors’ parties and political competition

round 1 round 2

thresholds 1 - 4 1 2 3 4 1 - 4 1 2 3 4

all
FPM 0.09*** 0.05** 0.13*** 0.14*** 0.13** -0.07*** -0.08*** -0.02 -0.11*** -0.11**

(0.02) (0.02) (0.03) (0.04) (0.06) (0.01) (0.02) (0.03) (0.03) (0.05)
R2 0.15 0.11 0.16 0.19 0.17 0.05 0.05 0.08 0.03 0.07
obs 4336 1686 1236 924 490 4336 1686 1236 924 490

margin victory< 10%
FPM 0.11*** 0.07** 0.16*** 0.16*** 0.1 -0.07*** -0.07** -0.02 -0.12** -0.09

(0.02) (0.03) (0.04) (0.05) (0.1 ) (0.02) (0.03) (0.04) (0.05) (0.08)
R2 0.14 0.11 0.17 0.18 0.14 0.03 0.02 0.03 0.03 0.06
obs 2025 795 563 440 227 2025 795 563 440 227

margin victory< 10%
without PT/PMDB
FPM 0.15*** 0.13*** 0.30*** 0.20*** -0.06 -0.04 -0.03 0.09 -0.06 -0.20*

(0.03) (0.04) (0.06) (0.07) (0.12) (0.03) (0.04) (0.06) (0.07) (0.1)
R2 0.16 0.1 0.35 0.24 0.09 0.02 0.01 0.02 0.03 0.15
obs 1333 542 342 282 167 1333 542 342 282 167

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithms of own and neighbors’ share of FPM effectively transferred, provided by the
Secretary of the Treasury, as the independent variables. We control for a second degree polynomial for own and neighbors’ population and for the
local budget spending on the right. We control for fixed effect and the estimated standard deviations are clustered in the local level. Data from

2002-2012. Covariates omitted. Standard errors in parenthesis.
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7 Impacts on municipal elections for mayors

In this section, we estimate the impacts of the FPM transference on the probability that a given

party wins the municipal elections for mayor. We present in Table 8 the regressions estimates

correcting for Fixed Effect and using Theoretical FPM as Instrumental Variable. We consider

data for the municipal elections in the years 2004, 2008 and 2012. In the upper part of the Table

8, we see the results using all the thresholds together. The impacts are positive on the votes

for PT when we do not control for local spending, on the left, and negative on votes for DEM,

an opposition party. The impacts on PT are concentrated on threshold 3, while the impacts on

DEM are concentrated in smaller towns - cities near the first thresholds. Also, in threshold 3

window, there are negative impacts on votes for PMDB and PSDB.

The results are quite different when we control for local spending on the left of Table 8.

Considering all the thresholds, the only impact is a positive increase on votes for DEM. Most of

the significant disappear - which is a sign that most of FPM impacts is due to the increase on

local budget expenditures - but there is still positive impacts on votes for PT at threshold 3, as

well as negative effects on votes for PMDB.

Table 8: Effects on mayor elections voting by party
PT PSDB PMDB DEM PTB PP PT PSDB PMDB DEM PTB PP

thresholds 1-4
FPM per capita 0.06*** -0.03 0 -0.14*** 0 -0.01 0.06 0.07 -0.07 0.13** 0.03 -0.02

obs 4397 4397 4397 4397 4397 4397 4273 4273 4273 4273 4273 4273

thresholds 1
FPM per capita 0.04 0.08 -0.03 -0.20*** 0.14*** -0.06 0.06 0.29** -0.18 0.08 0.1 -0.09

obs 1687 1687 1687 1687 1687 1687 1635 1635 1635 1635 1635 1635

thresholds 2
FPM per capita 0.08* -0.06 0.05 -0.11* -0.05 0.06 0.1 -0.02 0.14 0.07 0.06 0.09

obs 1296 1296 1296 1296 1296 1296 1262 1262 1262 1262 1262 1262

thresholds 3
FPM per capita 0.19*** -0.16** -0.18*** -0.07 -0.07 -0.05 0.25*** -0.11 -0.39** 0.15 0.03 -0.18

obs 919 919 919 919 919 919 899 899 899 899 899 899

thresholds 4
FPM per capita -0.02 -0.19* 0.1 -0.03 -0.20** 0.1 -0.07 -0.27 0.24 0.26 -0.24 0.08
obs 495 495 495 495 495 495 477 477 477 477 477 477

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use logarithms of declared FPM and theoretical
FPM. We use per capita budget spending as control, in logarithm. We control for fixed effect
and the estimated standard deviations are clustered in the local level. Data from 2002-2012.

Covariates omitted.

8 Adding Spillover effects

It is very possible that voters have imperfect information about local finances. Even if voters

recognize the federal government as the responsible for increasing local spending, they probably

do not know the FPM coefficient which the municipality is or at when exactly the city changes the
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8 ADDING SPILLOVER EFFECTS

population bracket. This make it possible for voters to observe the fiscal results of neighboring

cities to assess the efficiency of the mayor, a idea close to yardstick competition models (Besley

and Case, 1995).

We introduce fiscal spillover analysis of election results also in presidential elections. Table

9 shows the effects when we control, on the right, or not by the neighbor j FPM. The results

show that spillover correspond generally to 50 % of the effect when only consider the effect itself.

In larger cities, the spillover effect corresponds to all the estimated effect on the PT’s victory

margin, an increase of about 0.17 % in the first round and a reduction 0.19 % in the second

round.

Table 9: FPM Spillovers on presidential elections voting

thresholds 1 2 3 4 1 2 3 4

round 1
FPMi 0.10*** 0.16*** 0.14*** 0.20*** 0.03 0.08** 0.07** 0.1

(0.03) (0.03) (0.02) (0.04) (0.04) (0.04) (0.04) (0.06)
FPMj . . . . 0.06 0.08* 0.08** 0.17***

. . . . (0.04) (0.05) (0.04) (0.06)
R2 0.04 0.13 0.13 0.21 0.08 0.19 0.15 0.33
obs 623 554 527 288 623 554 527 288

round 2
FPMi -0.23*** -0.11*** -0.18*** -0.19*** -0.18*** -0.07* -0.11*** -0.01

(0.03) (0.03) (0.02) (0.04) (0.04) (0.04) (0.04) (0.06)
FPMj . . . . -0.07** -0.07 -0.09** -0.19***

. . . . (0.04) (0.04) (0.04) (0.06)
R2 0.21 0.08 0.18 0.14 0.23 0.11 0.2 0.27
obs 623 554 527 288 623 554 527 288

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithms of own and neighbors’ FPM
effectively transferred, provided by the Secretary of the Treasury, as the independent variables.
The dependent variable is the margin of victory for PT, relative to the total of valid votes in

the municipality. We control for a second degree polynomial for own and neighbors’
population. We control for fixed effect and the estimated standard deviations are clustered in

the local level. Data from 2002-2012. Covariates omitted. Standard errors in parenthesis.

In table 10, we repeat the previous regression, including the local budget expenditure as a

control variable. In this case, the increase in FPM leads to an increase in the relative share of

the FPM in the local budget revenue. In this case, the increase in FPM increases the rejection

for PT in the first round and the second round of presidential elections - about -0.08 % and 14

% on PT margin of victory, respectively. We add the neighbors’ FPM in the regression and the

estimated spillover effect is negative in the first and second rounds, which demonstrates that the

rejection of the federal government increases when the city is very dependent on federal funds

and the neighboring municipalities receive more transfers.

Finally, we estimate the effect of city i’s FPM and neighbor j’s FPM on the probability of

victory for the major parties, controlling for per capita spending in the city i. On the left side of

the table 11, we see that the opposition parties, PSDB and DEM, are the biggest beneficiaries

of an increase of the FPM dependence in the municipal elections, but there are also positive
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Table 10: FPM and spatial spillovers in presidential elections

thresholds 1 2 3 4 1 2 3 4

round 1
FPMi -0.03 -0.08** -0.04 -0.07 -0.01 -0.07* 0.01 -0.07

(0.04) (0.04) (0.04) (0.06) (0.04) (0.04) (0.04) (0.06)
FPMj . . . . -0.02 -0.05 -0.17*** -0.03

. . . . (0.04) (0.04) (0.04) (0.05)
R2 0.003 0.03 0.02 0.09 0.05 0.12 0.1 0.16
obs 623 552 525 288 622 550 524 288

round 2
FPMi 0.14*** -0.03 0.02 0.06 0.16*** -0.05 0.02 0.05

(0.04) (0.04) (0.04) (0.06) (0.04) (0.04) (0.04) (0.06)
FPMj . . . . -0.07* 0.06 -0.02 0.09*

. . . . (0.04) (0.04) (0.04) (0.05)
R2 0.06 0.01 0.01 0.01 0.07 0.04 0.03 0.19
obs 623 552 525 288 622 550 524 288

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithms of own and neighbors’ share
of FPM effectively transferred, provided by the Secretary of the Treasury, relative to the
budget spending, as the independent variables. The dependent variable is the margin of

victory for PT, relative to the total of valid votes in the municipality. We control for a second
degree polynomial for own and neighbors’ population. We control for fixed effect and the

estimated standard deviations are clustered in the local level. Data from 2002-2012. Covariates
omitted. Standard errors in parenthesis.
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9 FPM IMPACTS ON POLITICAL COMPETITION

effects on the governing parties PMDB and PTB. The right side shows the results when we

include the FPM actually transferred to neighbor j as an independent variable, indicating that

the spillover effect is an essential factor to explain the effects of FPM on the municipal elections.

This effect is greater when the city i’s population is greater than neighbor j, and the greater

benefited parties are PSDB, DEM and PMDB, whose winning probability due to the neighbor’s

FPM increases by about 30 % in the third threshold.

Table 11: Spillover effect on mayor elections voting by party

PT PSDB PMDB DEM PTB PP PT PSDB PMDB DEM PTB PP

threshold 1
FPMi 0.01 0.20* 0.04 0.26** 0.15* 0.13* 0 0.19 -0.02 0.27** 0.17* 0.15**

(0.08) (0.12) (0.11) (0.11) (0.09) (0.07) (0.09) (0.12) (0.12) (0.11) (0.09) (0.08)
FPMj . . . . . . 0.06 0.05 0.21* -0.05 -0.04 -0.07

. . . . . . (0.09) (0.12) (0.12) (0.11) (0.09) (0.08)
R2 0 0.02 0.01 0.03 0.02 0.01 0.01 0.02 0.02 0.03 0.02 0.02
obs. 539 539 539 539 539 539 538 538 538 538 538 538

threshold 2
FPMi 0.06 0.15 0.13 0.04 0.19* 0.12 0.04 0.06 0.11 0.05 0.16 0.11

(0.11) (0.14) (0.15) (0.08) (0.1) (0.1) (0.11) (0.15) (0.15) (0.09) (0.11) (0.1)
FPMj . . . . . . 0.11 0.41** 0.15 -0.03 0.06 0.03

. . . . . . (0.12) (0.16) (0.17) (0.1) (0.12) (0.11)
R2 0.01 0.01 0.01 0.01 0.02 0.03 0.02 0.03 0.01 0.02 0.05 0.04
obs. 476 476 476 476 476 476 474 474 474 474 474 474

threshold 3
FPMi 0.03 0.08 0.19 0.18 0.07 0.01 0.03 0 0.1 0.12 0.08 -0.01

(0.05) (0.14) (0.17) (0.12) (0.05) (0.08) (0.06) (0.14) (0.17) (0.12) (0.05) (0.08)
FPMj . . . . . . 0.01 0.29* 0.36** 0.26** -0.04 0.1

. . . . . . (0.06) (0.15) (0.18) (0.13) (0.05) (0.08)
R2 0.01 0.01 0.03 0.05 0.01 0 0.01 0.03 0.05 0.07 0.02 0.01
obs. 457 457 457 457 457 457 456 456 456 456 456 456

threshold 4
FPMi -0.09 0.29 0.55** -0.03 0.32** -0.06 -0.15 0.18 0.35 -0.04 0.33** -0.01

(0.11) (0.18) (0.27) (0.13) (0.14) (0.17) (0.12) (0.19) (0.28) (0.14) (0.15) (0.18)
FPMj . . . . . . 0.16* 0.25* 0.59*** 0.04 0.1 -0.13

. . . . . . (0.09) (0.15) (0.22) (0.11) (0.12) (0.14)
R2 0.01 0.03 0.04 0.01 0.05 0.03 0.05 0.06 0.11 0.02 0.09 0.04
obs. 252 252 252 252 252 252 252 252 252 252 252 252

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithms of own and neighbors’ share
of FPM effectively transferred, provided by the Secretary of the Treasury, relative to the

budget spending, as the independent variables. We control for a second degree polynomial for
own and neighbors’ population. We control for fixed effect and the estimated standard

deviations are clustered in the local level. Data from 2002-2012. Covariates omitted. Standard
errors in parenthesis.

9 FPM impacts on political competition

We estimate the impact of FPM on electoral competition at the municipal level. Ferraz and

Finan (2011) find positive effects of wage increase for local legislators on political competition

and on politicians’ qualification. Similarly, the increase in budgetary resources for inland

municipalities can be an incentive for attracting a larger number of candidates for the mayor
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post. Increasing competition for votes should reduce the margin of victory in the municipal

elections.

We test for these purposes in Table 12. The increase in FPM reduces the margin of victory,

especially in smaller towns and when we do not control for local per capita expenditure. On the

other hand, there is a small negative effect on the number of candidates for mayor. The results

indicate a possible intensification of polarization in the local scene, due to a reduction in entry

of new competitors and a more fierce competition in the mayoral elections.

Table 12: FPM impacts on political competition in mayor elections - margin victory and number
of candidates
thresholds 1 - 4 1 2 3 4 1 - 4 1 2 3 4

control:
local spending without with control

margin victory
valid votes (%)
FPM -0.03*** -0.05*** 0.01 -0.03 -0.02 -0.02 -0.04* 0.01 -0.08** 0.03

(0.01) (0.01) (0.02) (0.02) (0.03) (0.02) (0.02) (0.04) (0.04) (0.05)
R2 0.004 0.01 0.002 0.003 0.02 0.004 0.01 0.002 0.01 0.02
obs 5187 2011 1499 1097 580 5174 2005 1495 1094 580

number candidates

FPM -0.10* 0.02 -0.21** -0.12 -0.19 0.04 0.16 0.12 0.02 0.2
(0.05) (0.08) (0.11) (0.13) (0.22) (0.09) (0.13) (0.19) (0.22) (0.39)

R2 0.002 0.001 0.005 0.02 0.01 0.003 0.002 0.01 0.02 0.01
obs 5259 2047 1514 1116 582 5246 2041 1510 1113 582

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithm of FPM effectively
transferred, provided by the Secretary of the Treasury, as the independent variable. We use per
capita budget spending as control, in logarithm. We use the number of candidate with at least
one vote in mayor election and the share of margin of victory relative to the total of valid votes

as dependent variables. We control for a second degree polynomial for own and neighbors’
population. We control for fixed effect and the estimated standard deviations are clustered in

the local level. Data from 2002-2012. Covariates omitted. Standard errors in parenthesis.

10 Reviewing the effects on health and education outcomes

In this section, we remake the estimates of FPM impacts on health and education services and

outcomes, carried out in previous chapters, controlling now for political variables. In particular,

we wonder if political competition is one of the factors that explain the correlation of these

expenditures among neighboring municipalities. One hypothesis we made is that the health

services publicly provided can have strong externalities for nearby populations and particularly

we expect that neighbors may be ”free-riding” this provisions in some extent.

On the one hand, the increase of health care can impact on health in municipalities close

due to the reduction in the spread of diseases and the total demand for medical services. On the

other hand, health goods can not be denied or priced, thus the increase in health services can

attract people from other cities who do not have the service in their cities (e.g., the presence of

a doctor at the health center).

The free- riding problem can be quite strong because of the health market context. Mayors
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10 REVIEWING THE EFFECTS ON HEALTH AND EDUCATION OUTCOMES

can wait the neighbors before investing in health, to force investment in the neighboring towns.

This effect should be greater in the cities with more political competition and when the neighboring

mayors are not of the same party, in which case it is more difficult to coordinate spending between

neighboring municipalities.

We conduct this test in Table 13. As usual, the spillover is negative for most indicators,

but the spillover effect is even stronger when we consider cities i and j with greater political

competition, that is, when mayoral elections have a difference smaller than 10 % of the votes

between the first and second place. When we control by mayors from different parties, the

spillover effect is even more negative in some cases, especially in smaller cities, which reinforces

the hypothesis that the negative correlation between health services are largely due to political

issues.
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Table 13: FPM impacts on neighboring cities’ health outcomes, controlling for the mayors’ parties and political competition
overall margin victory < 10% margin victory < 10%

different parties

mortality morbidity ambulatory vaccination PSF visits mortality morbidity ambulatory vaccination PSF visits mortality morbidity ambulatory vaccination PSF visits

threshold 1
FPMi 0.24*** 0.12** -1.37*** 0.11 0.29 0.42*** 0.16 -1.63*** -0.03 0.05 0.43*** 0.09 -1.37** -0.14 0.07

(0.06) (0.06) (0.23) (0.09) (0.18) (0.14) (0.13) (0.47) (0.21) (0.45) (0.16) (0.13) (0.53) (0.23) (0.51)
FPMj -0.01 -0.29*** -0.93*** -0.60*** -0.05 -0.12 -0.47*** -0.66 -0.70*** -0.44 -0.12 -0.49*** -0.68 -0.66** -0.44

(0.06) (0.06) (0.24) (0.09) (0.18) (0.18) (0.16) (0.60) (0.26) (0.58) (0.20) (0.17) (0.68) (0.29) (0.65)
R2 0.04 0.06 0.27 0.13 0.01 0.07 0.08 0.22 0.11 0.03 0.07 0.11 0.21 0.12 0.03
obs. 1671 1671 1670 1671 1615 347 347 347 347 337 295 295 295 295 286

threshold 2
FPMi 0.41*** 0.21*** -0.77*** -0.35*** 0.33 0.44*** 0.60** 0.30 -0.37 1.04** 0.47*** 0.59** 0.01 -0.29 0.81

(0.06) (0.07) (0.25) (0.10) (0.21) (0.15) (0.23) (0.54) (0.24) (0.48) (0.17) (0.24) (0.61) (0.27) (0.54)
FPMj -0.07 -0.35*** -1.41*** -0.17* 0.06 -0.04 -0.82*** -3.24*** 0.17 -0.54 -0.11 -0.85*** -2.75*** 0.12 -0.12

(0.06) (0.07) (0.25) (0.10) (0.21) (0.15) (0.23) (0.54) (0.24) (0.47) (0.17) (0.23) (0.60) (0.26) (0.52)
R2 0.10 0.05 0.24 0.11 0.01 0.10 0.13 0.32 0.08 0.08 0.09 0.16 0.30 0.09 0.09
obs. 1438 1438 1438 1438 1387 294 294 294 294 284 254 254 254 254 245

threshold 3
FPMi 0.20*** 0.05 -1.16*** -0.17* 0.25 0.02 -0.01 -2.30*** 0.72*** -0.19 -0.05 0.07 -2.39*** 0.73*** -0.06

(0.06) (0.06) (0.25) (0.10) (0.20) (0.16) (0.14) (0.60) (0.23) (0.36) (0.17) (0.14) (0.68) (0.23) (0.35)
FPMj 0.04 -0.12* -1.34*** -0.34*** 0.05 0.19 -0.06 -0.84 -0.66*** 0.02 0.28* -0.21 -0.81 -0.71*** -0.10

(0.06) (0.06) (0.25) (0.10) (0.19) (0.13) (0.12) (0.51) (0.20) (0.31) (0.16) (0.13) (0.63) (0.21) (0.32)
R2 0.07 0.01 0.26 0.12 0.02 0.06 0.06 0.30 0.14 0.04 0.08 0.12 0.28 0.15 0.04
obs. 1306 1306 1305 1306 1286 274 274 274 274 272 220 220 220 220 218

threshold 4
FPMi 0.27*** 0.21 -1.54*** -0.44*** 0.77* 0.50** 0.67 -0.84 -0.30 0.02 0.41* 0.49 -1.46 0.11 -0.02

(0.08) (0.19) (0.36) (0.16) (0.43) (0.20) (0.82) (0.95) (0.33) (0.59) (0.24) (0.77) (1.13) (0.34) (0.64)
FPMj -0.06 -0.18 -1.30*** -0.03 0.39 -0.30 -0.34 -2.12** 0.18 -0.24 -0.29 -0.23 -1.93* 0.24 -0.22

(0.08) (0.19) (0.35) (0.15) (0.41) (0.18) (0.75) (0.87) (0.31) (0.50) (0.22) (0.69) (1.01) (0.30) (0.52)
R2 0.07 0.01 0.37 0.13 0.10 0.12 0.09 0.37 0.06 0.06 0.11 0.03 0.36 0.13 0.07
obs. 777 777 777 777 750 163 163 163 163 156 133 133 133 133 126

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithm of FPM effectively transferred, provided by the Secretary of the Treasury, as the
independent variable. We analyze the impacts on cities with less than 8,000 inhabitants. Data from 2002-2012. We control for a second degree
polynomial for own and neighbors’ population. We control for fixed effect and the estimated standard deviations are clustered in the local level.

Covariates omitted. Standard errors in parenthesis.
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10 REVIEWING THE EFFECTS ON HEALTH AND EDUCATION OUTCOMES

We do the same exercise considering the spillover on education variables in Table 14, in

which we consider neighbors with less than 8,000 inhabitants. The effect on the IDEB increases

when we consider neighboring cities with more political competition and different parties, and

when the city receiving the additional FPM has more population. The IDEB increase in cities

near the threshold 4 is almost 20 %, mainly due to an increase in test scores of about 50 %.

When we consider cities with population close to the neighbors’ populations, that is, cities near

the first threshold, the spillover is not very clear, and there is even a drop in IDEB, which can

be explained by competition for teachers and other resources in these regions . Anyway, the

results confirm again that the political information in local level is important to understand the

spillover of expenditures and services among Brazilian cities.
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Table 14: FPM impacts on neighboring cities’ education outcome, controlling for the mayors’ parties and political competition
overall margin victory< 10% margin victory< 10%

different parties

education primary educ approval cycle mean score IDEB education primary educ approval cycle mean score IDEB education primary educ approval cycle mean score IDEB

threshold 1
FPM 0.69*** 0.62*** 12.95*** 0.28*** 0.42*** 0.68*** 0.67*** 12.20*** 0.22*** 0.37*** 0.69*** 0.69*** 14.22*** 0.21*** 0.37***

(0.041) (0.048) (1.312) (0.026) (0.033) (0.078) (0.093) (2.164) (0.044) (0.057) (0.097) (0.108) (2.713) (0.051) (0.067)
R2 0.36 0.24 0.2 0.25 0.31 0.35 0.26 0.24 0.18 0.28 0.32 0.27 0.25 0.16 0.27
obs. 1096 1072 949 911 911 476 466 405 391 391 373 365 326 315 315

threshold 2
FPM 0.77*** 0.68*** 15.44*** 0.32*** 0.51*** 0.83*** 0.72*** 16.29*** 0.27*** 0.43*** 0.90*** 0.76*** 16.81*** 0.28*** 0.47***

(0.052) (0.066) (1.96) (0.034) (0.045) (0.09) (0.138) (3.931) (0.064) (0.091) (0.097) (0.173) (4.791) (0.078) (0.112)
R2 0.42 0.27 0.22 0.3 0.38 0.49 0.25 0.22 0.3 0.32 0.55 0.25 0.21 0.3 0.33
obs. 636 615 545 525 525 264 259 212 207 207 213 209 167 162 162

thrshold 3
FPM 0.80*** 0.65*** 19.56*** 0.38*** 0.67*** 0.93*** 0.78*** 20.37*** 0.32*** 0.73*** 0.91*** 0.84*** 20.11*** 0.32*** 0.73***

(0.066) (0.087) (2.578) (0.047) (0.072) (0.094) (0.172) (4.094) (0.078) (0.14) (0.1) (0.101) (4.482) (0.086) (0.157)
R2 0.48 0.28 0.28 0.33 0.38 0.63 0.25 0.32 0.3 0.34 0.63 0.58 0.3 0.3 0.35
obs. 428 415 383 371 371 194 191 174 169 169 168 165 149 145 145

threshold 4
FPM 0.78*** 0.67*** 12.36*** 0.31*** 0.45*** 0.63*** 0.75*** 17.61*** 0.35*** 0.52*** 0.56*** 0.58*** 15.48** 0.50*** 0.65***

(0.078) (0.09) (2.596) (0.055) (0.069) (0.125) (0.155) (4.884) (0.102) (0.126) (0.168) (0.2) (6.216) (0.132) (0.165)
R2 0.57 0.47 0.28 0.33 0.39 0.57 0.6 0.34 0.39 0.43 0.55 0.65 0.37 0.44 0.46
obs. 262 259 237 229 229 124 124 113 111 111 102 102 95 94 94

Note: ∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. We use the logarithm of FPM effectively transferred, provided by the Secretary of the Treasury, as the
independent variable. We use cities and neighbors near on of the four thresholds. Data from 2002-2012. We control for a second degree polynomial

for own and neighbors’ population. We control for fixed effect and the estimated standard deviations are clustered in the local level. Covariates
omitted. Standard errors in parenthesis.
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11 CONCLUSIONS

11 Conclusions

We analyze a specific channel of interaction among fiscal and political federalism in Brazil, that is,

the effect of the a central transfer, the FPM, to municipalities on local elections for central party

candidates for president and mayor. We use again the legal rule of FPM transference according to

population brackets, which allows the use of RDD regressions to identify the exogenous impacts

near the first four thresholds. Our hypothesis is that, although being an unconditional transfer,

politicians and population can associate the extra amount to the federal party. Also, it can be a

idiosyncratic characteristic of Brazilian federalist system. In the time that mayors play a central

rule in political background and they are very dependent of federal economic support, it’s a

natural questions to investigate in which extent economic support is transformed into political

support, independent of the party in federal power.

The regressions are very sensitive to the inclusion of local budget expenditures as control.

Our intention is separate the impacts on cities which may occur FPM budget and economics

impacts, the general case, and cities where FPM does not impact like this. In this latter case,

increasing FPM dependence has strong positive impacts on votes for PT presidential candidate

and negative impacts on votes for PSDB. Moreover, the impacts seems to be increasing and

progressively more significant during the 3 last elections.

We also use the difference of votes for PT and votes for PSDB, relative to the total municipal

electorate, as dependent variable, and we observe the same trend - PT margin of victory is

bigger when the city receives more per capita FPM, and this effect is bigger when the city is

more FPM dependent and when FPM has less economic impacts. Also, the effect increased in

the last election. Using a more robust specification, in which we use a panel of cities across the

last elections to control for fixed effect, we identify a similar trend, although more evident in

the first round.

We estimate the impacts of FPM on municipal elections for mayors, as an extra channel of

interaction between FPM and politics. Now, the effects of FPM on votes for PT are bigger when

we do not control for local spending and using all the thresholds, but the impacts at threshold

3 are similar in both cases. Also, the impacts on opposition parties are negative, specially when

we do not control for budget expenditures.

The results should be analyzed considering Brazilian political, fiscal and economical federalism

system. Although very important political players, small cities mayors are almost always very

dependent of federal transfers, specially the FPM. This grant, made automatically each month,

represents a liquid transference from bigger urban centers to small rural towns, strengthening

local elites. We find support for political interactions and yardstick competition in these elections

when we control for the neighbors’ FPM. The hypotheses is that the electors may be looking for

nearby cities result, as they probably do not know when the city cross the population thresholds.

We also remake the estimations in the last chapters to explore where the spillover detected are

conducted by political channels. The results shows that political alignment and local competition

may play a major rule to explain the spillovers previously estimated. The spillovers on education

are bigger if the mayors are of the same party, which reinforces coordination, and if there is more

political competition, which reinforcing mimicking by neighboring cities. Finally, we test if FPM

itself impacts on political competition, but the results are not conclusive.
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Appendix

A Descriptive analyses

Table 15: Descriptive analysis for local variables and probability of changing the population
coefficient - controlling by mayor’s party and political competition

Variable Obs. Mean Std. Dev. Min. Max.

margin of victory< 10%

party: PT
population 1458 10,578.76 6,740.55 1,236.00 29,874.00
population growth (%) 1166 0.17 6.77 -101.85 41.49
treated - 1 75 0.68 0.47 0 1
treated - 2 62 0.61 0.49 0 1
treated - 3 34 0.53 0.51 0 1
treated - 4 22 0.5 0.51 0 1
treated 193 0.61 0.49 0 1
change bracket 1458 0.040466 0.197118 0 1

party: PSDB
population 3125 10,687.47 7,086.39 804 29,890.00
population growth (%) 2469 0.63 5.25 -66.67 74.74
treated - 1 140 0.61 0.49 0 1
treated - 2 94 0.49 0.5 0 1
treated - 3 87 0.49 0.5 0 1
treated - 4 52 0.6 0.5 0 1
treated 373 0.55 0.5 0 1
change bracket 3125 0.03552 0.18512 0 1

party: PMDB
population 4716 9,777.68 6,704.69 900 29,946.00
population growth (%) 3637 0.46 5.1 -89.59 58.15
treated - 1 178 0.6 0.49 0 1
treated - 2 159 0.62 0.49 0 1
treated - 3 124 0.58 0.5 0 1
treated - 4 38 0.58 0.5 0 1
treated 499 0.6 0.49 0 1
change bracket 4716 0.032443 0.177192 0 1

Note: treated 1 to 4 are dummies indicating when the city has population with difference
inferior than 500 inhabitants to each of the four thresholds. Change bracket is a dummy

indicating if the same changed the population bracket from one period to another. We use
cities where the mayors’ elections was decided with margin of victory from the first to the

second less than 10%.
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