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Social fund and infant mortality: evidence from an anti-poverty policy in 

Northeast Brazil 

 

Abstract 

The Brazilian Northeast is a region characterized by high levels of poverty and inequality. These aspects 

hinder its prospects of economic development. A possible way to alleviate these problems is to improve 

the early-life conditions of the poor. In 2000, the Brazilian government launched the Fundos Estaduais 

de Combate e Erradicação da Pobreza (FECEP), a social fund targeted at meeting the needs of the poor. 

The goal of this paper is to evaluate the effects of this intervention on poverty, infant mortality, and birth 

outcomes in the Brazilian Northeast region. Using a difference-in-differences approach robust to heter-

ogenous treatment effects, we find that the program led to a significant reduction in poverty and infant 

mortality. Taken as a whole, these results provide consistent evidence that financing targeted public 

investments constitute an effective tool to reduce infant mortality and improve the living standards of 

vulnerable communities.  

Keywords: social funds; infant health; infant mortality; poverty; Brazilian Northeast 

JEL Classification: I1; I3; I38; I14; J13; J18.  

 

 

Fundo social e mortalidade infantil: evidências de uma política de combate 

à pobreza no Nordeste do Brasil 

 

 

Resumo 

O Nordeste Brasileiro é uma região caracterizada por altos níveis de pobreza e desigualdade. Esses as-

pectos dificultam suas perspectivas de desenvolvimento econômico. Uma maneira possível de aliviar 

esses problemas é melhorar as condições de vida dos pobres. Em 2000, o governo brasileiro lançou os 

Fundos Estaduais de Combate e Erradicação da Pobreza (FECEP), um fundo social destinado a atender 

às necessidades dos pobres. O objetivo deste artigo é avaliar os efeitos dessa intervenção sobre a pobreza, 

mortalidade infantil e desfechos de natalidade na região Nordeste do Brasil. Usando uma abordagem de 

diferença em diferenças robusta para efeitos de tratamento heterogêneo, descobrimos que o programa 

levou a uma redução significativa da pobreza e da mortalidade infantil. Tomados como um todo, esses 

resultados fornecem evidências consistentes de que o financiamento de investimentos públicos direcio-

nados constitui uma ferramenta eficaz para reduzir a mortalidade infantil e melhorar os padrões de vida 

das comunidades vulneráveis. 

Palavras-chave: fundos sociais; saúde infantil; mortalidade infantil; pobreza; Nordeste Brasileiro 
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1. Introduction 

The access to health is a right of every baby at birth yet many babies worldwide do not receive 

basic health services, contributing to the high rates of infant mortality in some regions. In 2015, 

approximately 5.9 million infants died before reaching 5 years of age, with one million dying 

in the first day of life, another million in the first week, and 2.8 million within the first month 

(Marinho et al., 2020). A series of recent studies emphasize that these high levels of infant 

mortality are heavily concentrated among the poor (Cutler, Deaton and Lleras-Muney (2006), 

Klasen (2008), Eudy (2009), Currie (2009), Pritchard and Keen (2016), Singh et al. (2017), 

Taylor-Robinson et al. (2019), Mohamoud, Kirby and Ehrenthal (2019) and Filho et al. (2021)). 

Poor socioeconomic conditions early in life adversely affect the health and development of in-

fants. This is not surprising, since financial constraints limit the capacity of disadvantaged fam-

ilies to access to essential goods and services, such as food, housing, and sanitation (Aber et al., 

1997).   

 As a result, many developing countries have implemented decentralized social financing 

policies, or the so-called social funds. Social funds channel resources for interventions aimed at 

reducing poverty and social exclusion (Paxson and Schady (2002), White (2002), Haan, Holland 

and Kanji (2002) and Abou-Ali et al. (2010)). In particular, the social fund is a mechanism for 

funding small and large-scale actions and programs in various sectors, with a focus on meeting 

the local and regional demands of vulnerable groups in the economy. These resources come 

typically from multilateral and bilateral donations as well as from taxes on luxury goods and 

services (Jorgensen and Van Domelen, 1999; Van Domelen, 2002; Djimeu, 2014). Key features 

of policies of this sorting include self-financing (the financing does not depend directly on the 

local government) and conditionalities (on the part of the policymaker and beneficiaries) 

(Fiszbein and Schady, 2009; Souza, Junior and Moreira (2017); Silva et al., 2021).   

 Despite the growing interest in the design of decentralized mechanisms of social funds, 

there is still little consistent empirical evidence on the extent to which these interventions trans-

late into better infant health outcomes (Rawlings and Schady (2002), Newman et al. (2002), 

Chase & Sherbume-Benz (2001), Chase (2002), Pradhan and Rawlings (2002), Parajuli et al. 

(2012) and Djimeu (2014)). It is not obvious that this is the case. First, the resources obtained 

through the fund may be insufficient to meaningfully improve the living conditions of poor 

communities. Second, the implementation of these funds typically implies an increase in taxes 

on certain goods and this could have negative impacts on local economic activity. If this effect 

is large enough, the introduction of these programs could unintendedly lead to an increase pov-

erty rates by increasing unemployment rates and reducing parental income. Finally, the presence 

of corruption and poor institutions may reduce the effectiveness of these programs (Pradhan and 

Rawlings, 2002; Rawlings; Sherburne-Benz and Van Domelen, 2004; Göksen et al., 2008).  

 This paper explores the effects of an anti-poverty fund reform that substantially in-

creased the investment capacity of subnational regions by increasing tax rates on luxury con-

sumption. We investigate the extent to which the introduction of the Fundos Estaduais de Com-

bate e Erradicação da Pobreza (FECEP) in Northeast Brazil affected infant mortality. We also 

examine the effects of the FECEP on birth outcomes. The Brazilian Northeast region provides 

a compelling setting for at least two reasons. First, approximately 50 percent of the poor popu-

lation resides in this region. Second, before the adoption of the FECEP, the Northeast region 

exhibited a high infant mortality rate. Therefore, we study the effects of an anti-poverty reform 

in a highly policy-relevant context.   

 To study the effects of the FECEP, we adopt an identification strategy that compares 

treated and untreated states before and after the program in a difference-in-differences frame-

work. Since the timing of program adoption varies across areas, we use the doubly-robust esti-

mator for multiple periods and potentially heterogeneous treatment effects developed by Calla-

way and Sant’Anna (2021). Using this empirical strategy, our analysis yields the following. We 
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first show that the program led to significant improvements in poverty indicators in treated ar-

eas. We then document find a significant decline in infant mortality, especially for boys and 

preventable causes. On the other hand, we find no evidence of improvements in birth outcomes, 

including the prevalence of low birth weight and preterm births. A possible reason is that since 

the FECEP improved survival rates, potentially saving babies on the margin with poorer health 

outcomes, the null effects on birth outcomes may be the result of changes in the composition of 

births. Taken together, our findings suggest that anti-poverty funds constitute an important tool 

to alleviate poverty and improve health conditions early in life.  

 Our findings contribute to a fervent debate on the effects of policies targeting the poor 

on infant health (Gertler (2004), Fernald, Gertler and Neufeld (2008), Rasella et al. (2013) and 

Silva and Paes (2019)) and to the literature on the effects of social fund reforms on infant health 

(Newman et al. (2002), Chase & Sherbume-Benz (2001), Chase (2002), Pradhan and Rawlings 

(2002), Morrison et al. (2010), Parajuli et al. (2012), Djimeu (2014), Daoud et al. (2017) and 

Onwujekwe et al. (2019)). Our analysis adds to the literature by exploring a broader set of infant 

health outcomes that had not been analyzed to date. We provide detailed estimates of the effects 

on neonatal, post-neonatal and avoidable infant mortality, and document heterogeneous effects 

by gender and causes of death. Taking advantage of the recent advancements in the estimation 

of dynamic treatment effects and difference-in-differences, our analysis allows to document the 

effects of the social fund program in a more transparent way and provide a more precise exam-

ination of heterogeneous treatment effects.  

 To the best of our acknowledge, this paper is the first to examine the effects of the FE-

CEP on infant health in Brazil. In previous work, Silva et al. (2021) estimates the effects of this 

reform on several poverty measures using the synthetic control method for the Ceara state and 

document significant reductions in the prevalence of poverty. Santos and Bueno (2021) estimate 

the effects of the FECEP on income inequality using the standard two-way fixed effects estima-

tor, finding no evidence of an effect. They argue that this null result is most likely due to the 

pervasiveness of corruption and clientelism in some regions. However, these results are difficult 

to interpret given the limitations of the two-way fixed effects estimator in the presence of het-

erogeneous treatment effects (Callaway and Sant’Anna (2021)). Our findings suggest that the 

FECEP has been effective in improving the living conditions and health outcomes of poor chil-

dren.  

 The rest of the paper is organized as follows. Section 2 provides background information 

on the FECEP. Section 3 describes the data and empirical strategy. Section 4 presents the results 

and Section 5 concludes.  

 

2. Social Funds in Northeast Brazil   

In the beginning of the 1990s, the poverty and infant mortality rates were strikingly high in 

Brazil. The poor macroeconomic performance and adverse social conditions prevailing during 

this period led people demand policies to combat poverty, especially in the Northeast region 

(Sousa and Filho, 2018).  

The Northeast had the highest levels of poverty and infant mortality in the country in 

1996 and 2000, a period marked by an intense political debate on poverty alleviation strategies. 

In 2000, this region registered a proportion of poor households of 51.29%, which is approxi-

mately twice the corresponding national poverty rate of 26.16%. In addition, the Northeast re-

gion exhibited an infant mortality rate of 26.19 per thousand live births, which is also substan-

tially higher when compared to other regions (Figures 1 e 2). These worrying levels of poverty 

and infant mortality, along with pressures from the international community, led the government 

to identify and evaluate alternatives to address these social issues. This motivated the constitu-

tion of a social fund to combat poverty (Melo, 2005).  
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Figure 1 – Evolution of the proportion of poor households in Brazilian regions (1996 – 2014) 

 
Notes: Elaborated by the authors, with data from the Pesquisa Nacional por Amostra de Domicílios (PNAD). 

 

Figure 2 – Evolution of infant mortality rate in Brazilian regions (1996-2014) 

 
Notes: Elaborated by the authors, with data from the Sistema de Informação sobre Mortalidade (SIM) and the 

Sistema de Informação de Nascidos Vivos (SINASC). 

 

In 2000, the government launched the FECEP social fund.1 This program was imple-

mented across states gradually over time as a mechanism for financing actions aimed at eradi-

cating poverty. To achieve this goal, financial resources are allocated mandatorily to nutrition, 

housing, education and health dimensions.  Although the FCEPs were designed to last a decade, 

Constitutional Amendment No. 67, of December 22, 2010, extended this public policy indefi-

nitely (Souza, Junior and Moreira, 2017; Silva et al., 2021).  

To finance the FCEP, the legislation authorized subnational governments to implement 

an additional tax of up to 2% in the ICMS rate — Tax on the Circulation of Goods and Services 

— on superfluous products and services (cigarettes, alcoholic beverages, air vehicles, boats, 

jewelry, among others) or in the tax that replaces it, the provision of art. 158, item IV, of the 

 
1This resto f this section is based primarily on an analysis of newspapers, official documents from the government, 

transparency portals, and other publicly available reports. We also build on previous studies on the FECEP (Silva 

et al. (2021), Alencar and Simplício (2021), Santos and Bueno (2021), Oliveira et al. (2020), Souza, Junior and 

Moreira (2017) and Melo (2005)). 
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Federal Constitution. The resources obtained from this tax change are then used to finance ac-

tions to fight poverty. In addition, FCEPs can also receive resources from donations, aids, 

grants, and income from investments in the financial system (Souza, Junior and Moreira, 2017; 

Santos and Bueno, 2021).  

 

Table 1 – Foundation legislation of FECEP in Brazil 

FU States Year Foundation legislation/regulation Tax rate  

BA Bahia 2002 Lei nº 7.988/2001. 2% 

SE Sergipe 2003 Lei nº 4.731/2002. 2% 

RJ Rio de Janeiro 2003 Lei nº 4056/2002. 1% 

CE Ceará 2003 Lei nº 37/2003; Decreto nº 29.910/2009 2% 

PE Pernambuco 2003 Lei nº 12.523/2003. 2% 

GO Goiás 2003 Lei nº 14.469/2003; Decreto nº 5.832/2003 2% 

MT Mato Grosso 2003 Lei nº 144/2003. 2% 

RN Rio Grande do Norte 2004 Lei de nº 261/2003. 2% 

AL Alagoas 2005 Lei de nº 6.558/2004. 2% e 1% 

MA Maranhão 2005 Lei nº 8.205/2004; Lei nº 10.329/2015 2% 

PB Paraíba 2005 Lei nº 7.611/2004; Decreto nº 25.879/2005 2% 

ES Espírito Santo 2005 Lei nº 336/2005. 2% 

PI Piauí 2006 Lei nº 5.622/2006; Decreto nº 12.554/2007 2% 

MS Mato Grosso do Sul 2007 Lei nº 3.337/2006. 2% 

DF Distrito Federal 2008 Lei nº 4.220/2008. 2% 

MG Minas Gerais 2012 Lei nº 19.978/2011. 2% 

PR Paraná 2016 Lei nº 18.573/2015. 2% 

RS Rio Grande do Sul 2016 Lei nº 14.742/2015. 2% 

RO Rondônia 2016 Lei nº 842/2015. 2% 

TO Tocantins 2016 Lei nº 3.015/2015. 2% 

SP São Paulo 2016 Lei nº 16.006/2015. 2% 

AM Amazonas 2017 Lei nº 3.584/2010; Lei nº 4.457/2017. 1,6%,1,9% e 

2%. 

Notes: Elaborated by the authors, based on Silva et al. (2021). The states of Acre, Amapá, Pará, Roraima e Santa 

Catarina did not constitute FECEP, therefore they were not listed.  

The FCEP primarily finance actions and projects for families in conditions of extreme 

poverty. The financial resources of this social mechanism are allocated in two dimensions: i) 

social assistance to the population below the poverty line2; and ii) programs intended to help 

families escape from poverty. The FCEPs are managed by bodies with executive management, 

an advisory board, and social participation. Furthermore, its resources can only be used for pro-

vided purposes in the founding legislation, it cannot be relocated or transferred. The use of the 

resources for staff remuneration and social charges is also forbidden. These legal restrictions 

ensure that resources will be allocated to actions aimed at combating and eradicating poverty.  

 
2 A person who lives on less than US$ 1.90 a day in 2019 is considered extremely poor. Those who live on less 

than US$ 5.50 a day are considered poor. However, in Brazil, those who live on up to half and up to a quarter of 

the minimum wage, respectively, are also considered poor and extremely poor. 
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 The foundational and regulatory legislation of the FECEP are presented in Table 1. Table 

1 also provides information about the ICMS rate defined in each state. In the Northeast, all states 

implemented FECEP until 2006, with emphasis on Bahia, Sergipe, Ceará and Pernambuco, the 

predecessors, followed by Rio Grande do Norte, Alagoas, Maranhão and Paraíba. However, in 

Piauí, the constitution and implementation of policy resources took place late, only in 2006 and 

2009, respectively. The rapid adoption of the social financing mechanism by the Northeastern 

states highlights the need for revenues to fight poverty. Furthermore, practically all states stip-

ulated an additional 2% ICMS rate to compose the social fund, except for the state of Alagoas, 

where rates of 1% and 2% are adopted, depending on the luxury goods and services sold. 

 The money collected with FECEP is used to finance programs of social assistance, nu-

trition and food security, family agriculture, solidarity economy, literacy, professional qualifi-

cation, social housing and basic sanitation for the poor population. Bahia is the state that raised 

the most financial resources. From 2002 to 2009, the FECEP raised R$1.9 billion and invested 

R$1.8 billion in Bahia. Despite having collected less expressive amounts of money than Bahia, 

the other states have increased the amounts raised over the years. Considering all the Northeast-

ern states with exception of Bahia, in 2005, the FECEP raised an amount of R$ 276.2 million. 

In 2015, this value increased to approximately R$ 1 billion, a significant improvement. 

 

3. Data and Research Design 

Our empirical approach requires data characterizing infant mortality, health at birth, and poverty 

across Northeast states over the 1996-2015 period. We estimate the effects of FECEP on these 

outcomes using difference-in-differences approach exploiting variation in the timing of FECEP 

adoption across states. To overcome the potential biases due to heterogeneous treatment effects, 

we follow the statistical approach developed by Callaway and Sant’Anna (2021). This approach 

allows one to identify the causal effects of an intervention when the units are treated at different 

moments in time and whose treatment status remain unchanged afterward. In what follows, we 

provide an overview of the data sources and present the empirical strategy in detail. 

 

3.1 Data 

To evaluate the effects of the FECEP on infant mortality, we use data from the Brazil’s Ministry 

of Health trough the National System of Mortality Records (SIM, for its acronym in Portu-

guese). The SIM offers detailed information on each death in the entire Brazilian territory, in-

cluding information on cause, date, and geographical location. From the SIM, we compile count 

of deaths by age and sex for the 1996-2015 period. We then construct a state-by-year panel 

dataset of infant mortality. While mortality records are subject to measurement error due to sub-

notification, our empirical approach controls for state and time fixed effects. Hence, it accounts 

for any measurement error in infant mortality that is time-invariant and common to all states. 

 

 

 

Figure 3 – Control and treatment groups of the FECEP impact assessment in the Northeast 
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Notes: The treatment and control states were defined according to the foundational legislation of the State Funds 

to Combat and Eradicate Poverty (FECEP) in Brazil (Table 1). 

 

We look at the infant mortality rate stratified by the age at death (neonatal and post-

neonatal), whether it is avoidable, and baby’s gender.3The main outcome of interest is the mor-

tality rate of individuals under a year of life. The infant mortality rate is calculated as the number 

of infant deaths divided by the number of live births, multiplied by 1000. A detailed description 

of the variables used in this paper can be found in the online appendix4 Table A.1. The Northeast 

states where the FECEP was implemented compose the treatment group, whereas the rest of 

states that do not adopt the program between 2000 and 2015 represent the control group (Figure 

3). We exclude the states of Rio de Janeiro, Goiás, Mato Grosso, Mato Grosso do Sul, Espírito 

Santo, Minas Gerais e Distrito Federal, which also implemented the program during the study 

period.5 There are 9 treated states and 11 untreated ones.   

Data on births come from the National System of Information on Birth Records (SI-

NASC). To examine the effects of the FECEP on birth outcomes, we collect information on the 

following outcomes: total number of births, fraction of low birth weight, fraction preterm births, 

and fraction of births with low APGAR scores.6 It is important to note that information on ma-

ternal characteristics is not available for the entire study period, making unfeasible its use in our 

analysis.  

To estimate the effects of the FECEP on poverty, we construct a state-by-year panel 

dataset on poverty using data from the Pesquisa Nacional por Amostra de Domicílio (PNAD). 

 
3The infant mortality corresponds to the deaths of infants under a year of age. Neonatal deaths correspond deaths 

within the first 27 days of life, whereas post-neonatal deaths correspond to those deaths between 28 and 364 days 

of life. Avoidable infant deaths are those deaths occurring between 0 and 4 years of life.   
4 Access to the online appendix: <https://bityli.com/dMDpOD>.  
5Given the heterogeneity between states and regions, we focus on states within the Northeast region. The length of 

the study period is chosen so that it adequately balances the size of the control group (Silva et al., 2021).   
6 The APGAR score is s a clinical test that is given to the newborn in which five parameters are assessed. These 

include muscle tone, respiratory effort, heart rate, reflexes, and skin color. The test provides a total score between 

0 and 10, where a higher score means “healthier”. We use the APGAR score computed within the first 5 minutes 

of life. 

https://bityli.com/dMDpOD
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We define the fractions of poor and extremely poor families as those with per capita income 

below 50 and 25% the minimum wage respectively. These income thresholds correspond to the 

poverty lines commonly used by the Brazilian government. 

Finally, to evaluate the robustness of our results, we obtain data on several state charac-

teristics from the Census conducted in 2000, on the onset of the FECEP. We refer to these 

covariates as “basic characteristics of the economy” (Table A.1). These characteristics are time-

invariant and determine subsequent economic conditions, but they are not themselves affected 

by the FECEP. The empirical strategy we employ in this study uses these covariates only in the 

re-intervention period (Callaway and Sant’Anna (2021)). Table 2 presents summary statistics 

of these covariates. 

 

Table 2 – Descriptive statistics of the pre-treatment period covariates 

Covariates                                
Control Group  Treatment Group 

Mean Stand. deviation Mean Stand. deviation 

Population 6.830.271,00 10.700.000,00 5.305.373,00 3.656.505,00 

% Rural Population 23.03 9.26 30.96 5.28 

% Female population 49.77 0.82 51.00 0.44 

% Black population 4.54 1.32 6.58 3.04 

% Indigenous population 1.69 2.55 0.31 0.16 

Territorial area (km²) 424.687,20 497.360,90 171.934,70 18.520,90 

Notes: In the econometric model, population and land area (km²) were included in the form of natural logarithm. 

 

3.2 Summary Statistics     

Appendix Table B.1 shows summary statistics for all variables, splitting the sample between 

treated and control states. The mean infant mortality rate is 18.54 deaths per 1000 live births, 

with standard deviation of 5.6. There exists a sizable difference in this figure when comparing 

the pre- and post-intervention periods. During the pre-FECEP period, the infant mortality was 

26.3, whereas it falls to 18.5 after the FECEP was implemented. This reduction was more pro-

nounced for treated states, yielding a difference-in-differences of approximately -1.6 infant 

deaths per 1000 live births. This admittedly raw estimate differs somewhat from the difference-

in-differences we formally estimate below, most likely because the raw figure does not account 

for heterogeneity in treatment effects over time.    

  Appendix Table B.1 also reveals a similar pattern for post-neonatal and avoidable mor-

tality. However, there is no evidence that the policy led to improvements in neonatal mortality. 

In fact, the control group appears to have experienced a more rapid decline in the neonatal mor-

tality rate compared to the treatment group. 

 Appendix Figures C.1 and C.2 shows the way how the mortality outcomes evolved over 

time across treated and untreated states. These figures also illustrate key features of these data. 

First, prior to the FECEP, treated and untreated states were experiencing similar trends in terms 

of these outcomes. Second, following the establishment of the FECEP, the gap between both 

groups declines gradually over time. This occurred for all the mortality outcomes, except the 

neonatal mortality rate. In fact, the neonatal mortality rate exhibits similar trends across treated 

and untreated states both before and after the implementation of the FECEP. These improve-

ments in child mortality outcomes are likely the result of the FECEP, consistent with the evi-

dence we shall show below that the program improvements the living conditions of the areas 

adopting it.  
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 Looking at specific causes of deaths, the figures indicate that child deaths from endo-

crine, infectious, and respiratory causes declined the most in treated areas after the introduction 

of the FECEP. Put differently, there are significant differences in the trajectory of these causes 

of deaths before and after the FECEP. On the other hand, we do not observe a clear pattern for 

birth outcomes (see Appendix Figure C.3).  

There are also noticeable differences in the dynamics of poverty. Prior to the FECEP, 

the fraction of poor families was 76.2 and 50.63% for treated and untreated states respectively, 

a difference of approximately 25 percentage points. Analogously, the fraction of families facing 

extreme poverty was 51 and 25% for treated and untreated states. Following the adoption of the 

FECEP, both poverty outcomes exhibit a declining trend that is more pronounced for treated 

states, with the gap between both groups declining from 25 to 15-19 percentage points. Appen-

dix Figure C.4 documents this dynamic visually.    

 

3.3 Empirical Strategy 

 To identify the effects of the FECEP, we employ a difference-in-differences model. As 

shown in Figure 3, the implementation of the FECEP occurred gradually and permanently across 

states, which potentially introduces a bias in the standard difference-in-differences estimator. 7 

To address this issue, we use the method developed by Callaway and Sant’Anna (2021), which 

estimates the effects of policy in a flexible manner and eliminates any bias due to heterogeneous 

dynamic treatment effects.    

 The model assumes that there are 𝑇 periods such that 𝑡 = 1, 2, … , 𝑇 and 𝐷𝑡 is an indicator 

variable that equals to one when a state adopts the FECEP in year t and zero otherwise. Let 𝐺𝑔 

take the value one When a state is treated for the first time and zero otherwise. Let C take the 

value one for never-treated states and zero otherwise.    

 The generalized propensity score is given by 𝑃𝑔(𝑋) = 𝑃(𝐺𝑔 = 1 | 𝑋,  𝐺𝑔 + 𝐶 = 1), cor-

responding to the probability that a state is treated conditional on the set of covariates (X) and 

on belonging to the treatment (g) or control (C) group. By invoking the common trends assump-

tion, the vector of covariates (X) becomes a constant. The propensity score is estimated for each 

cohort g of treated states. This cohort-specificity produces greater flexibility in identifying con-

trol and treated states that are similar in terms of observable characteristics. The outcome in 

each period is estimated as follows:    

 

𝑌𝑡 = 𝐷𝑡𝑌𝑡(1) + (1 − 𝐷𝑡)𝑌𝑡(0)          (3.1) 

Where 𝑌𝑡(1) e 𝑌𝑡(0) are the potential outcomes with and wihout treatment.   

 Unlike the standard difference-in-differences estimator, the parameter of interest here is 

the average treatment effect for group g, denoted by 𝐴𝑇𝑇(𝑔, 𝑡). Under the assumption that 

treated and untreated states would have followed similar trends, the estimated ATT for group g 

can be expressed as follows:    

 𝐴𝑇𝑇(𝑔, 𝑡) = 𝔼[𝑌𝑡(𝑔) −  𝑌𝑡(0) | 𝐺 = 𝑔]         (3.2) 

 Considering a balanced panel of states, the 𝐴𝑇𝑇(𝑔, 𝑡) can be written in a semi-parametric 

way as denoted by equation (3.3). The standard errors are then computed using bootstrap pro-

cedure, adjusting for autocorrelation and clustering: 

 
7 A body of recent research has documented that the standard difference-in-differences estimator yields biased 

estimates of the effect of policy in the presence of heterogeneous dynamic treatment effects (Callaway and 

Sant’Anna (2021), Athey and Imbens (2021), Goodman-Bacon (2021) and Sun and Abraham (2021).  
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𝐴𝑇𝑇(𝑔, 𝑡) = 𝔼 [(
𝐺𝑔

𝔼[𝐺𝑔]
− 

𝑝𝑔(𝑋)𝐶

1−𝑝𝑔(𝑋) 

𝔼[
𝑝𝑔(𝑋)𝐶

1−𝑝𝑔(𝑋) 
]
) (𝑌𝑡 −  𝑌𝑔−1)]         (3.3) 

 This estimator accounts for state and year fixed effects, eliminating biases due to time-

invariant factors (Callaway and Sant’Anna (2021)). Hence, it accounts for initial and persistent 

conditions as well as for national-level factors affecting all states similarly (Carrillo and Feres 

(2019)).  

To obtain an overall ATT, Callaway and Sant’Anna (2021) propose several ways to ag-

gregate the 𝐴𝑇𝑇 (𝑔, 𝑡). In the context of the FECEP, we must consider the differences in the 

timing of adoption across states. States that adopted the FECEP earlier could experience earlier 

the gains from the intervention. Hence, an unweighted aggregation likely would attribute greater 

weights to states that adopt the FECEP recently (Teixeira and Venter, 2021). In this case, Calla-

way and Sant’Anna (2021) suggest aggregating the 𝐴𝑇𝑇(𝑔, 𝑡) as follows:  

 

�̃�𝑆(𝑔) =  
1

𝑇−𝑔+1
∑ 1𝑇

𝑡=2 {𝑡 ≥ 𝑔}𝐴𝑇𝑇(𝑔, 𝑡)         (3.4) 

𝜃𝑆 = ∑ �̃�𝑆(𝑔)𝑃(𝐺 = 𝑔)𝑇
𝑔=2                       (3.5) 

  

 Where the equation (3.4) represents the specific treatment effect specific for each state, 

whereas equation (3.5) offers the overall treatment effect.  

 Although equation (3.5) summarizes the effects of the program into a single parameter, 

it is possible that the effects of the program are heterogeneous over time. It is inherently inter-

esting to understand the timing and shape of the effects. One could expect the program affect 

mortality outcomes gradually over time as the actions promoted could take time to be realized. 

To explore this possibility, we compute the 𝐴𝑇𝑇(𝑔, 𝑡) for each year since the introduction of 

the FECEP as follows:   

 

�̃�𝐷(𝑒) = ∑ ∑ 1{𝑡 − 𝑔 + 1 = 𝑒}𝐴𝑇𝑇(𝑔, 𝑡)𝑃(𝐺 = 𝑔 |𝑡 − 𝑔 + 1 = 𝑒)𝑇
𝑡=2

𝑇
𝑔=2     (3.6) 

 

 Where (e) denotes the event-time, or the years of exposure since the adoption of the 

FECEP. The overall ATT for each period is then calculated:  

 

𝜃𝐷 =
1

𝑇−1
∑ �̃�𝐷(𝑒)𝑇−1

𝑒=1             (3.7) 

 Equation (3.7) captures the dynamic of the treatment effects. A major difference between 

𝜃𝐷and 𝜃𝑆 is the weight: 𝜃𝐷 puts greater weights on states with greater exposure to the policy 

(Teixeira and Venter, 2021). An advantage of the event-study estimates is that they allow one 

to visually judge the common trends assumption. If this assumption is violated, one would ex-

pect to observe significant effects in the years prior to FECEP. On the other hand, if treated and 

control areas begin to diverge only after the FECEP, then it would provide strong evidence that 

both groups would have experienced similar trends in the absence of the program (Carrillo and 

Feres, 2019).  

 To evaluate the robustness of our baseline results, we perform a series of exercise and 

alternative estimators. First, we perform the test of Cramér-von-Mises (CvM) as suggested by 

Callaway and Sant’Anna (2021) to formally test for differences in trends prior to the FECEP. 
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This test is particularly adequate for groups with heterogenous treatment dates. A failure to 

reject the null hypothesis would provide evidence consistent with the identification assumption. 

To perform this test conditional on covariates, we consider a set of basic covariates for the pre-

treatment period. Given the reduced sample of states, we choose these covariates carefully and 

parsimoniously to avoid spurious results. Second, we use an alternative control group to explore 

the extent to which the results are the product of which states are used as control. As a robustness 

check, we consider both never-treated and not-yet-treated states as control groups. Third, we 

also estimate outcome regression models to obtain overall 𝐴𝑇𝑇(𝑔, 𝑡) analogous to doubly robust 

method.8  

 Although two-way fixed effects regressions are not robust to heterogeneity in treatment 

effects across periods, Sun and Abraham (2021) provide an alternative dynamic estimator that 

is robust these issues under the common trends assumption.9 In practice, this estimator is a par-

ticular case of the one developed by Callaway and Sant’Anna (2021) but uses an fixed-effects 

estimator. Without covariates, it should yield estimates similar to equation (3.7) in so far the 

time indicators are fully saturated and two cross-sectional units are omitted to avoid perfect 

collinearity issues. By comparing different estimators, we can examine the extent to which our 

results are driven by a specific way to estimate the parameter of interest. In theory, these meth-

ods should yield very similar results (Baker, Larcker and Wang, 2021). 

 

4. Results 

This section presents the main findings from the paper, divided into two parts. The first part 

estimates of the effects of the FECEP on poverty outcomes. In the second part, we examine the 

effects of the program on infant health outcomes and explore the robustness of these estimates.   

 

4.1 Effects on Poverty Outcomes  

Since the basic goal of the FECEP is to reduce poverty, we begin our empirical analysis by 

examining the effects of the program on poverty. Figure 4 shows the results from estimating the 

event-study specification for the proportion of poor and extremely poor families. The red and 

blue lines correspond to 95 percent confidence intervals for the pre- and post-intervention peri-

ods respectively. For inference, we use standard errors clustered at the state level. 

 The results show clearly the absence of an effect prior to introduction of the FECEP. 

Treated and untreated appears to be similar trends during the pre-treatment period. The esti-

mated coefficients are very small in magnitude and fluctuate randomly around zero. This pro-

vides evidence in favor of the identification assumption that treated and untreated states would 

have experienced similar trends in the absence of the FECEP. During the post-intervention pe-

riod, there is an immediate and statistically significant decline in the poverty outcomes. Notably, 

the magnitude of this decline is increasing over time.  Moreover, the effects are the largest for 

the fraction of families in extreme poverty. 

 

 

Figure 4 – Effect of FECEP in the Northeast on poverty and extreme poverty 

 
8Callaway and Sant’Anna (2021) provide estimates of the 𝐴𝑇𝑇(𝑔, 𝑡) using inverse probability weighting (IPW), 

outcome regression and double robust estimator. All these alternative methods yield similar results.  
9 This procedure is discussed in detail in Sun and Abraham (2021).  
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Notes: The horizontal axis indicates the duration of treatment exposure. The duration of exposure equal to zero (0) 

provides the mean effect of the constitution of FECEP in the Northeast among the groups in the period in which 

they implement the antipoverty policy for the first time. Exposure duration equal to (-1) corresponds to the pre-

treatment period (before FECEP) and exposure duration equal to (1) denotes the first period after policy imple-

mentation (after FECEP). The bars of the event study graphs represent the 95% confidence interval, where robust 

standard errors are clustered at the state level.  

 

Table 3 - Effect of FECEP in the Northeast on poverty and extreme poverty 

      (1) 

Panel A. Proportion of poor (1/2 SM)      

Group effect      -2.932* 

      (1.253) 

Dynamic effect      -3.688* 

      (1.295) 

Pre-FECEP mean       62.20 

Panel B. Proportion of extremely poor (1/4 SM)      

Group effect      -8.426* 

      (1.400) 

Dynamic effect      -9.352* 

      (1.345) 

Pre-FECEP mean      37.35 

CvM Test       

Panel A. Proportion of poor (1/2 SM)      1007.395 

Panel B. Proportion of extremely poor (1/4 SM)      2147.852 

Observations      400 

Notes: *Significant for p-value < 0.05. The table reports the group and dynamic treatment effect parameters esti-

mated by the doubly robust method under the assumption of unconditional parallel trends and with a control group 

composed of never treated states. Robust standard errors (reported in parentheses) are grouped at the state level. 

 

Table 3 summarizes the overall effect of the FECEP on these outcomes. Consistent with 

the graphical evidence, there is a significant improvement in the poverty outcomes of treated 

states. Panel A reveals that the introduction of the FECEP led to a decline of 3-3.6 percentage 

points in the fraction of poor families. Relative to the pre-FECEP mean, this represents an effect 

of 4.8 to 5.8 percent. Panel B documents a decline of approximately 9 percentage points in the 

fraction of families in extreme poverty. This effect is substantial in magnitude. It represents as 

much as a 28 percent reduction relative to the pre-FECEP mean.  

 As a further check of the plausibility of the common trends assumption, we perform the 

Cramér-von-Mises (CvM) test. As shown in Table 3, we cannot reject the null hypothesis that 

there are no pretrends effects. Assessing the effect of the FECEP for the Ceara state, Silva et al. 

(2021) find a decline of 9 and 12 percentage points in the proportions of poor and extremely 
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poor families. Our results are very similar in magnitude to these previous findings and confirm 

that the policy has been effective in improving the living conditions of vulnerable communities.  
 

4.2 Effects on Infant Health  

Having documented a strong and robust “first-stage”, we now explore the effects of the FECEP 

on infant health. Figure 5 presents event-study estimates for infant mortality. As one can infer 

from the figure, treated and untreated areas experienced similar trends before program adoption. 

By contrast, there is a clear decline in the post-neonatal mortality as well as infant deaths due to 

avoidable causes. On the other hand, the program does not appear to have affected neonatal 

mortality.  

 

Figure 5 - Effect of FECEP in the Northeast on infant mortality 

 
Notes: The horizontal axis indicates the duration of treatment exposure. The duration of exposure equal to zero (0) 

provides the mean effect of the constitution of FECEP in the Northeast among the groups in the period in which 

they implement the antipoverty policy for the first time. Exposure duration equal to (-1) corresponds to the pre-

treatment period (before FECEP) and exposure duration equal to (1) denotes the first period after policy imple-

mentation (after FECEP). The bars of the event study graphs represent the 95% confidence interval, where robust 

standard errors are clustered at the state level.  

 

Table 4 shows the average effect of the FECEP on these outcomes. Consistent with the 

graphical evidence, column (1) shows that the program led to improvements in the post-neonatal 

and avoidable infant mortality. Columns (2) and (3) explore heterogeneity by gender and show 

that the effects tend to be larger for boys. The point estimates from the dynamic estimator indi-

cates that the infant mortality rate declined by 2.8, the post-neonatal mortality by 1.8, and the 

avoidable infant mortality by 3.4. Relative to the pre-FECEP means, these results represent a 

decline of 12, 19, and 12 percent respectively. The results from estimating the group estimator 

also suggest a significant decline in infant mortality, but the magnitude of the results is slightly 

smaller. On the other hand, we do not observe statistically significant improvements in neonatal 

mortality, though the sign of the coefficient is consistent with what one would expect. Im-

portantly, the CvM cannot reject the null hypothesis that treated and untreated areas have similar 

trends during the pre-intervention period. This provides further support for the plausibility of 

the identifying assumption.  
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Table 4 - Effect of FECEP in the Northeast on infant mortality 

      General Male Female 

      (1) (2) (3) 

Panel A. Infant Mortality Rate        

Group effect      -2.514* -3.125* -1.863* 

      (0.850) (0.941) (0.872) 

Dynamic effect      -2.821* -3.537* -2.058* 

      (1.055) (1.338) (0.833) 

Pre-FECEP mean      24.14 26.78 21.37 

Panel B. Neonatal Mortality Rate        

Group effect      -0.798 -0.939 -0.644 

      (0.526) (0.641) (0.590) 

Dynamic effect      -0.948 -1.167 -0.710 

      (0.766) (0.875) (0.693) 

Pre-FECEP mean      14.11 15.88 12.25 

Panel C. Post-neonatal Mortality Rate       

Group effect      -1.717* -2.186* -1.219* 

      (0.447) (0.500) (0.412) 

Dynamic effect      -1.874* -2.370* -1.348* 

      (0.419) (0.502) (0.385) 

Pre-FECEP mean     10.04 10.90 9.12 

Panel D. Avoidable Mortality Rate        

Group effect      -3.099* -3.707* -2.450* 

      (1.062) (1.149) (1.085) 

Dynamic effect      -3.420* -4.156* -2.634* 

      (1.122) (1.426) (0.947) 

Pre-FECEP mean      28.68 31.55 25.66 

CvM Test      

Panel A. Infant Mortality Rate   3839.8 5026.1 3214.6 

Panel B. Neonatal Mortality Rate   1481.5* 1458.7* 1245.9* 

Panel C. Post-neonatal Mortality Rate   1027.8 1410.9 824.21 

Panel D. Avoidable Mortality Rate   4760.9 5838.5 4232.7* 

Observations   400 400 400 

Notes: *Significant for p-value < 0.05. The table reports the group and dynamic treatment effect parameters esti-

mated by the doubly robust method under the assumption of unconditional parallel trends and with a control group 

composed of never treated states. Robust standard errors (reported in parentheses) are grouped at the state level. 

 

Figure 6 and Table 5 look at different causes of deaths. The event-study figures docu-

ment a significant decline in the infant mortality rate due to endocrine, infectious, and respira-

tory causes. While there appears to have a few significant pre-FECEP coefficients, these effects 

are not of the right order of magnitude to explain the pattern during the post-intervention period. 

Table 5 summarizes the magnitude of these effects. The program led to an average decline in 

the infant mortality rate of 0.28 (44 percent), 0.59 (22 percent), and 0.20 (12 percent) due to 

endocrine, infectious, and respiratory causes respectively. These results are important as these 

causes of death are concentrated among infants from poorer socioeconomic conditions. For the 

“other causes” category, we observe an average decline of about 1 or 15 percent relative to the 

pre-FECEPE mean. This category includes all other causes of death, including those related to 

conditions originating in the prenatal period.  

 

 

 

Figure 6 – Effect of FECEP in the Northeast on infant mortality by cause of death 
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Notes: The horizontal axis indicates the duration of treatment exposure. The duration of exposure equal to zero (0) 

provides the mean effect of the constitution of FECEP in the Northeast among the groups in the period in which 

they implement the antipoverty policy for the first time. Exposure duration equal to (-1) corresponds to the pre-

treatment period (before FECEP) and exposure duration equal to (1) denotes the first period after policy imple-

mentation (after FECEP). The bars of the event study graphs represent the 95% confidence interval, where robust 

standard errors are clustered at the state level.  

 

 

Table 5 – Effect of FECEP in the Northeast on infant mortality by cause of death 

  Infant mortality rate by cause of death 

 Panel A Panel B. Panel C. Panel D. Panel E. Panel F. Panel G. 

 External Endocrine Infectious Nervous and 

Circulatory 

Respiratory Perinatal 

conditions 

Other cau-

ses 

 (1) (2) (3) (4) (5) (6) (7) 

Group Effect -0.027 -0.259* -0.553* 0.026 -0.148* -0.578 -0.976* 

 (0.133) (0.069) (0.188) (0.038) (0.064) (0.555) (0.374) 

Dynamic Effect -0.047 -0.282* -0.598* 0.023 -0.205* -0.696 -1.017* 

 (0.161) (0.069) (0.212) (0.037) (0.094) (0.861) (0.352) 

Pre-FECEP mean 0.35 0.64 2.72 0.44 1.67 11.67 6.57 

Observations 400 400 400 400 400 400 400 

Notes: *Significant for p-value < 0.05. The table reports the group and dynamic treatment effect parameters esti-

mated by the doubly robust method under the assumption of unconditional parallel trends and with a control group 

composed of never treated states. Robust standard errors (reported in parentheses) are grouped at the state level. 

 

Thus far, the results show that the introduction of the FECEP led to gains in infant mor-

tality. This suggests that the anti-poverty fund program is an effective tool to improve infant 

welfare in poor areas. These findings also provide additional justification for decentralization 

programs to combat poverty and reduce health inequalities across regions (Jorgensen and Van 
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Domelen (1999); Van Domelen (2002); Newman et al. (2002); Djimeu (2014) and Carrillo and 

Feres (2019)). Moreover, these results have potential long-run effects on well-being given the 

large body of evidence suggesting improved conditions early life has positive effects on the 

accumulation of human capital and labor market outcomes in adulthood (Black, Devereux and 

Salvanes (2007), Currie (2009), Almond and Mazumder (2011), Figlio et al. (2014), Almond, 

Currie and Duque (2018) and Miller and Wherry (2019)).  

To uncover more detail on the effects of FECEP on infant health, we explore changes in 

birth outcomes: low birth weight, low APGAR scores, and preterm births. These outcomes have 

been shown to be associated with improved living conditions (Larson (2007), Nagahawatte and 

Goldenberg (2008), Braveman et al. (2010), Almond and Mazumder (2011), Aizer and Currie 

(2014) and Branco, Bermúdez and Lima (2017)). For example, poorer living conditions could 

lead to an inadequate nutrition during the pre- and post-natal periods, and this could directly 

affect infant health before and after birth. Examining birth outcome is important from a policy 

perspective because a major goal of the anti-poverty fund is to improve nutrition among the 

poor (Silva et al., 2021).  

 

Figure 7 – Effect of FECEP in the Northeast on birth outcomes 

 
Notes: The horizontal axis indicates the duration of treatment exposure. The duration of exposure equal to zero (0) 

provides the mean effect of the constitution of FECEP in the Northeast among the groups in the period in which 

they implement the antipoverty policy for the first time. Exposure duration equal to (-1) corresponds to the pre-

treatment period (before FECEP) and exposure duration equal to (1) denotes the first period after policy imple-

mentation (after FECEP). The bars of the event study graphs represent the 95% confidence interval, where robust 

standard errors are clustered at the state level.  

 

Figure 7 presents event-study results for the aforementioned birth outcomes. There is no 

evidence that the program led to gains in this dimension. In fact, there appears to have an in-

crease in the prevalence of birth weight following the introduction of the program. In principle, 

this seems counterintuitive. However, it is important to highlight that the program had positive 

effects on survival chances, saving fetuses with poorer health status on the margin of survival. 

This introduces a change in the composition of births by increasing the share of babies with 

poorer health outcomes (Vanderlei et al. (2010) and Vilanova (2019)).  

Although we do not observe significant effects on low birth weight or preterm births, we 

do observe a marginally significant effect on low APAGAR score rate. Indeed, column (2) of 
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Table 6 suggests a decline in this outcome of 0.53 percentage points. This represents a decline 

of about 9 percent relative to the pre-program mean.  

 

Table 6 – Effect of FECEP in the Northeast on birth outcomes 

 Health rates at birth 

 Panel A. Panel B. Panel C. 

 Low weight at birth 

(< 2500 g) 

Low Apgar (< 8) Premature births 

 (1) (2) (3) 

Group Effect 0.181 -0.537* -0.107 

 (0.104) (0.143) (0.473) 

Dynamic Effect 0.195 -0.364 -0.163 

 (0.109) (0.310) (0.464) 

Pre-FECEP mean 6.89 5.93 5.24 

Observations 400 400 400 

Notes: *Significant for p-value < 0.05. The table reports the group and dynamic treatment effect parameters esti-

mated by the doubly robust method under the assumption of unconditional parallel trends and with a control group 

composed of never treated states. Robust standard errors (reported in parentheses) are grouped at the state level. 

 

4.3 Robustness check 

In this section, we present a variety of additional exercises designed to evaluate the validity of 

the empirical strategy, focusing on infant mortality. Table 7 displays these results. For ease of 

comparison, column (1) repeats the baseline. In our main analysis, we perform the CvM condi-

tional on covariates. As a robustness check, we perform the same test without including covari-

ates other than the basic fixed effects. As one can infer, we cannot reject the null hypothesis of 

no pre-trends at the 5 percent for infant mortality, pos-neonatal mortality and avoidable infant 

mortality. What is different now is that we cannot reject the null hypothesis for neonatal mor-

tality when we include additional covariates in the model. 

In column (2), we present results for infant mortality based on an estimation sample that 

includes all never-treated and yet-treated states as comparison groups. The point estimates and 

standard errors remain very similar to the baseline.  

Since the State of Bahia was the only one treated in 2002, our basic sample includes only 

a covariate (log population) because the doubly-robust estimator does not allow to include a 

number of covariates greater than the number of treated units. Column (3) documents that the 

results from the between-group and dynamic estimators remain similar to the baseline estimates. 

Column (4) repeats the same exercise but using a less restrictive comparison group. The results 

are hardly impacted by this change.    

Before exploring the robustness of our results to the inclusion of other covariates, we 

first estimate the model using a basic two-way fixed effects regression to show that the coeffi-

cient estimates are very similar to the doubly-robust estimator. Despite the potential for bias in 

the two-way fixed effects estimator, the point estimates are comparable to that obtained via the 

doubly-robust estimator (column 5). We now use the two-way fixed effects to examine the sen-

sitivity of our results to the inclusion of additional covariates – recall that this is not possible 

using the doubly-robust estimator.  The inclusion of additional covariates tends to yield coeffi-

cients that are larger in magnitude, except for post-neonatal mortality, which is now statistically 

insignificant.  By contrast, we now observe statistically meaningful effects for neonatal mortal-

ity. We reach the same conclusions when we use all never-treated and not yet-treated states in 

the comparison group (column 7). 

 

Table 7 – Robustness analysis for infant mortality results 
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 (1) (2) (3) (4) (5) (6) (7) (8) 

Panel A. Infant Mortality         

Group effect -2.514* -2.489* -2.454* -2.428* -2.514* -2.945* -2.674*  

 (0.850) (0.780) (0.713) (0.717) (0.804) (1.091) (1.052)  

Dynamic effect -2.821* -2.798* -2.782* -2.758* -2.821* -3.611* -3.363* -2.638* 

 (1.055) (0.927) (0.875) (0.904) (1.011) (1.484) (1.323) (0.732) 

Pre-FECEP mean 24.14 24.14 24.14 24.14 24.14 24.14 24.14 24.14 

Panel B. Neonatal Mortality        

Group effect -0.798 -0.793 -0.771 -0.762 -0.798 -2.180* -2.156*  

 (0.526) (0.518) (0.535) (0.488) (0.537) (0.853) (0.842)  

Dynamic effect -0.948 -0.943 -0.942 -0.933 -0.948 -2.679* -2.660* -0.875 

 (0.766) (0.834) (0.807) (0.750) (0.804) (1.048) (0.985) (0.589) 

Pre-FECEP mean 14.11 14.11 14.11 14.11 14.11 14.11 14.11 14.11 

Panel C. Post-neonatal Mortality       

Group effect -1.717* -1.697* -1.683* -1.666* -1.717* -0.765 -0.518  

 (0.447) (0.423) (0.381) (0.415) (0.390) (0.442) (0.478)  

Dynamic effect -1.874* -1.855* -1.840* -1.825* -1.874* -0.932 -0.703 -1.762* 

 (0.419) (0.436) (0.403) (0.391) (0.443) (0.721) (0.679) (0.393) 

Pre-FECEP mean 10.04 10.04 10.04 10.04 10.04 10.04 10.04 10.04 

Panel D. Preventable Infant Mortality       

Group effect -3.099* -3.069* -3.030* -2.999* ´-3.099* -3.847* -3.404*  

 (1.062) (0.886) (0.830) (0.838) (0.951) (1.412) (1.303)  

Dynamic effect -3.420* -3.392* -3.393* -3.364* -3.420* -4.621* -4.219* -3.238* 

 (1.122) (1.048) (0.879) (0.978) (1.111) (1.745) (1.640) (0.824) 

Pre-FECEP mean 28.68 28.68 28.68 28.68 28.68 28.68 28.68 28.68 

Observations 400 400 400 400 400 400 400 400 

Control group         

Never treated Sim Não Sim Não Sim Sim Não Sim 

Not yet treated Não Sim Não Sim Não Não Sim Não 

Estimation method         

Doubly robust Sim Sim Sim Sim Não Não Não Não 

Result Regression Não Não Não Não Sim Sim Sim Não 

Fixed Effect Regression Não Não Não Não Não Não Não Sim 

Pre-treatment covariates        

Basic characteristics Não Não Não Não Não Sim Sim Não 

Population logarithm Não Não Sim Sim Não Não Não Não 

Cramer-von Mises Test        

A. Infant Mortality 3839.9  1866.4  3839.9 1339.2   

B. Neonatal Mortality 1481.6*  756.5*  1481.6* 310.1   

C. Post-neonatal Mortality 1027.9  560.6  1027.9 546.7   

D. Preventable Infant Mortality 4761.0  2289.3  4761.0 1805.5   

Notes: *Significant for p-value < 0.05. Robust standard errors (reported in parentheses) are grouped at the state 

level. 

 A potential concern with our results is that they could be confounded with other coin-

ciding shocks affecting infant health, including the Bolsa Familia conditional cash transfer pro-

gram (BFP) and the Family Health program (FHP). The inclusion of pre-program state charac-

teristics help mitigate these concerns (Carrillo and Feres, 2019; Branco; Bermúdez and Lima, 

2017). As an additional cheque, we now use the difference-in-difference estimator proposed by 

Sun and Abraham (2021) for heterogenous treatment effects and multiple periods10. These re-

sults are displayed in column (8). The point estimates are extremely similar to those reported in 

column 1. Overall, we find that the FECEP led to a robust decline in infant mortality.  

 

5. Final remarks  

This paper has provided evidence on the effects of anti-poverty fund on infant health in North-

east Brazil. We first corroborate that the program reduced the prevalence of poverty as measured 

by the fraction of families below the poverty line. We then document that the program also led 

 
10 The method developed by Sun and Abraham (2021) has a series of disadvantages compared to Callaway and 

Sant’Anna (2021): sensitivity to the use of covariates; absence of formal tests for pretreatment effects; stronger 

assumptions.  
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to significant improvements in infant mortality, especially from avoidable causes and those oc-

curring during the post-neonatal period. The effects tend to be larger for boys, consistent with 

the literature suggesting that male babies are more sensitive to events and circumstances sur-

rounding the birth.   

 These findings could stimulate and help design similar interventions in other contexts. 

As documented in this study, anti-poverty funds constitute an important tool to improve welfare 

by reducing inequalities during the first years of life.  

 

Acknowledgment 

This research was carried out with the support of the Coordination for the Improvement of 

Higher Level Personnel - Brazil (CAPES) - nº 88887.489663/2020-00. The authors thank 

CAPES and UFPE/UFJF for their financial and institutional support to carry out this empirical 

study. We also thank Bladimir Carrillo and Daniella Brito for their helpful comments and sug-

gestions. 

 

Online Appendix 

Access to the online appendix: <https://bityli.com/dMDpOD>. 

 

References 
 

ABADIE, A. Semiparametric difference-in-differences estimators. The Review of Economic 

Studies, Wiley-Blackwell, v. 72, n. 1, p. 1–19, 2005.  

ABER, J. Lawrence et al. The effects of poverty on child health and development. Annual re-

view of public health, v. 18, n. 1, p. 463-483, 1997. 

ABOU-ALI, H.; EL-AZONY, H.; EL-LAITHY, H.; HAUGHTON, J.; KHANDKER, S. Evalu-

ating the impact of Egyptian social fund for development programmes. Journal of Development Effec-

tiveness, Taylor & Francis, v. 2, n. 4, p. 521–555, 2010. 

AIZER, A.; CURRIE, J. The intergenerational transmission of inequality: maternal disadvantage 

and health at birth. Science. American Association for the Advancement of Science, v. 344, n. 6186, 

p. 856–861, 2014.  

ALENCAR, R. V. de; SIMPLÍCIO, K. F. A efetivação constitucional da erradicação da pobreza 

a partir da destinação geográfica do fundo estadual de combate à pobreza (fecop). THEMIS: Revista 

da Esmec, v. 18, n. 2, p. 197–228, 2021. 

ALMOND, D.; CURRIE, J.; DUQUE, V. Childhood circumstances and adult outcomes: Act ii. 

Journal of Economic Literature, v. 56, n. 4, p. 1360–1446, 2018. 

ALMOND, D.; MAZUMDER, B. Health capital and the prenatal environment: the effect of 

Ramadan observance during pregnancy. American Economic Journal: Applied Economics, v. 3, n. 4, 

p. 56–85, 2011. 

ALVES, T. F.; COELHO, A. B. Mortalidade infantil e gênero no Brasil: uma investigação 

usando dados em painel. Ciência & Saúde Coletiva, v. 26, p. 1259-1264, 2021. 

ATHEY, S.; IMBENS, G. W. Design-based analysis in difference-in-differences settings with 

staggered adoption. Journal of Econometrics, Elsevier, 2021.  

BAKER, A.; LARCKER, D. F.; WANG, C. C. How much should we trust staggered difference-

in-differences estimates? Available at SSRN 3794018, 2021. 

BLACK, S. E.; DEVEREUX, P. J.; SALVANES, K. G. From the cradle to the labor market? the 

effect of birth weight on adult outcomes. The Quarterly Journal of Economics, MIT Press, v. 122, n. 

1, p. 409–439, 2007.  

BRANCO, D. K. S.; BERMÚDEZ, B. C.; LIMA, J. E. d. Avaliação do efeito do pacto pela 

redução da mortalidade infantil no Nordeste e Amazônia legal. Pesquisa e Planejamento Econômico, 

v. 47, n. 2, p. 63–86, 2017. 

https://bityli.com/dMDpOD


XXVII Encontro Regional de Economia – ANPEC/BNB 2022 

 

21 

 

BRAVEMAN, P.; MARCHI, K.; EGERTER, S.; KIM, S.; METZLER, M.; STANCIL, T.; 

LIBET, M. Poverty, near-poverty, and hardship around the time of pregnancy. Maternal and child 

health journal, Springer, v. 14, n. 1, p. 20–35, 2010. 

CALLAWAY, B.; SANT’ANNA, P. H. Difference-in-differences with multiple time periods. 

Journal of Econometrics, Elsevier, v. 225, n. 2, p. 200–230, 2021. 

CARRILLO, B.; FERES, J. Provider supply, utilization, and infant health: evidence from a phy-

sician distribution policy. American Economic Journal: Economic Policy, v. 11, n. 3, p. 156–96, 2019. 

CHAISEMARTIN, C. D.; D’HAULTFOEUILLE, X. Two-way fixed effects estimators with 

heterogeneous treatment effects. American Economic Review, v. 110, n. 9, p. 2964–96, 2020. 

CHASE, R. S. Supporting communities in transition: The impact of the Armenian social invest-

ment fund. The World Bank Economic Review, v. 16, n. 2, p. 219-240, 2002. 

CHASE, R. S.; BENZ- SHERBUME, L. Household effects of community education and health 

initiatives: evaluating the impact of the Zambia Social Fund. World Bank, Washington, DC Processed, 

2001. 

CURRIE, J. Healthy, wealthy, and wise: Socioeconomic status, poor health in childhood, and 

human capital development. JoUrnal of economIc lIteratUre, v. 47, n. 1, p. 87–122, 2009.  

CUTLER, D.; DEATON, A.; LLERAS-MUNEY, A. The determinants of mortality. Journal of 

economic perspectives, v. 20, n. 3, p. 97–120, 2006.  

DAOUD, Adel et al. Impact of International Monetary Fund programs on child health. Proceed-

ings of the National Academy of Sciences, v. 114, n. 25, p. 6492-6497, 2017. 

DJIMEU, Eric W. The impact of social action funds on child health in a conflict affected country: 

Evidence from Angola. Social Science & Medicine, v. 106, p. 35-42, 2014. 

EUDY, R. L. Infant mortality in the lower Mississippi delta: geography, poverty and race. Ma-

ternal and child health journal, Springer, v. 13, n. 6, p. 806, 2009. 

FERNALD, L. C.; GERTLER, P. J.; NEUFELD, L. M. Role of cash in conditional cash transfer 

programmes for child health, growth, and development: an analysis of Mexico’s opportunities. The Lan-

cet, Elsevier, v. 371, n. 9615, p. 828–837, 2008.  

FIGLIO, D.; GURYAN, J.; KARBOWNIK, K.; ROTH, J. The effects of poor neonatal health 

on children’s cognitive development. American Economic Review, v. 104, n. 12, p. 3921–55, 2014. 

FILHO, W. L.; LOVREN, V. O.; WILL, M.; SALVIA, A. L.; FRANKENBERGER, F. Poverty: 

A central barrier to the implementation of the un sustainable development goals. Environmental Sci-

ence & Policy, Elsevier, v. 125, p. 96–104, 2021.  

FISZBEIN, A.; SCHADY, N. R. Conditional cash transfers: reducing present and future poverty. 

[S.l.]: World Bank Publications, 2009. 

GERTLER, P. Do conditional cash transfers improve child health? evidence from progresa’s 

control randomized experiment. American economic review, v. 94, n. 2, p. 336–341, 2004. 

GÖKSEN, F. et al. Impacts of the tax system on poverty and social exclusion: A case study on 

Turkey. New Perspectives on Turkey, v. 38, p. 159-179, 2008. 

GOODMAN-BACON, A. Difference-in-differences with variation in treatment timing. Journal 

of Econometrics, Elsevier, v. 225, n. 2, p. 254–277, 2021.  

HAAN, A. D.; HOLLAND, J.; KANJI, N. Social funds: an effective instrument to support local 

action for poverty reduction? Journal of International Development, Wiley Online Library, v. 14, n. 

5, p. 643–652, 2002. 

HECKMAN, J. J.; ICHIMURA, H.; TODD, P. E. Matching as an econometric evaluation esti-

mator: Evidence from evaluating a job training programme. The review of economic studies, Wiley-

Blackwell, v. 64, n. 4, p. 605–654, 1997. 

HECKMAN, J.; ICHIMURA, H.; SMITH, J.; TODD, P. Characterizing selection bias using ex-

perimental data. Econometrica, Blackwell Publishing Ltd., v. 66, n. 5, p. 1017, 1998.  

JORGENSEN, S.  L.; VAN DOMELEN, J. Helping the poor manage risk better: The role of 

social funds. Social Protection, World Bank, 1999. 

KLASEN, S. Poverty, undernutrition, and child mortality: Some inter-regional puzzles and their 

implications for research and policy. The Journal of Economic Inequality, Springer, v. 6, n. 1, p. 89–

115, 2008. 

 LARSON, C. P. Poverty during pregnancy: Its effects on child health outcomes. Pediatrics & 

child health, Oxford University Press, v. 12, n. 8, p. 673–677, 2007.  



XXVII Encontro Regional de Economia – ANPEC/BNB 2022 

 

22 

 

MADDALA, G. S.; WU, S. A comparative study of unit root tests with panel data and a new 

simple test. Oxford Bulletin of Economics and statistics, Wiley Online Library, v. 61, n. S1, p. 631–

652, 1999. 

MARINHO, C. d. S. R.; FLOR, T. B. M.; PINHEIRO, J. M. F.; FERREIRA, M. Â. F. Objetivos 

de desenvolvimento do milênio: impacto de ações assistenciais e mudanças socioeconômicas e sanitárias 

na mortalidade de crianças. Cadernos de Saúde Pública, SciELO Brasil, v. 36, 2020.  

MELO, M. A. O sucesso inesperado das reformas de segunda geração: federalismo, reformas 

constitucionais e política social. Dados, SciELO Brasil, v. 48, p. 845–889, 2005. 

MILLER, S.; WHERRY, L. R. The long-term effects of early life Medicaid coverage. Journal 

of Human Resources, University of Wisconsin Press, v. 54, n. 3, p. 785–824, 2019. 

 MOHAMOUD, Y. A.; KIRBY, R. S.; EHRENTHAL, D. B. Poverty, urban-rural classification 

and term infant mortality: a population-based multilevel analysis. BMC pregnancy and childbirth, 

Springer, v. 19, n. 1, p. 1–11, 2019. 

MORRISON, Joanna et al. Utilization and management of maternal and child health funds in 

rural Nepal. Community Development Journal, v. 45, n. 1, p. 75-89, 2010. 

NAGAHAWATTE, N. T.; GOLDENBERG, R. L. Poverty, maternal health, and adverse preg-

nancy outcomes. Annals of the New York Academy of Sciences, Wiley Online Library, v. 1136, n. 1, 

p. 80–85, 2008.  

NEWMAN, John et al. An impact evaluation of education, health, and water supply investments 

by the Bolivian Social Investment Fund. The World Bank Economic Review, v. 16, n. 2, p. 241-274, 

2002. 

OLIVEIRA, N. D. A. de; ALEIXO, A. D.; BORITZA, O. R.; JUNKES, M. B.; SILVA, S. A.; 

JÚNIOR, A. L. de B. Fundo estadual de combate e erradicação à pobreza (fecoep) como mecanismo de 

desenvolvimento social sustentável do estado de Rondônia. Brazilian Journal of Business, v. 2, n. 2, 

p. 1729–1752, 2020.  

ONWUJEKWE, O. et al. Assessment of a free maternal and child health program and the pro-

spects for program re-activation and scale-up using a new health fund in Nigeria. Niger J Clin Pract, v. 

22, n. 11, p. 1516-29, 2019. 

PARAJULI, Dilip et al. Impact of Social Fund on the Welfare of Rural Households: Evidence 

from the Nepal Poverty Alleviation Fund. World Bank Policy Research Working Paper, n. 6042, 

2012. 

PAXSON, C.; SCHADY, N. R. The allocation and impact of social funds: spending on school 

infrastructure in Peru. The World Bank Economic Review, v. 16, n. 2, p. 297-319, 2002. 

PESARAN, M. H. A simple panel unit root test in the presence of cross-section dependence. 

Journal of applied econometrics, Wiley Online Library, v. 22, n. 2, p. 265–312, 2007.  

PONGOU, Roland. Why is infant mortality higher in boys than in girls? A new hypothesis based 

on preconception environment and evidence from a large sample of twins. Demography, v. 50, n. 2, p. 

421-444, 2013. 

PRADHAN, M.; RAWLINGS, L. B. The impact and targeting of social infrastructure invest-

ments: Lessons from the Nicaraguan Social Fund. The World Bank Economic Review, v. 16, n. 2, p. 

275-295, 2002. 

PRITCHARD, C.; KEEN, S. Child mortality and poverty in three world regions (the west, asia 

and sub-saharan africa) 1988–2010: evidence of relative intra-regional neglect? Scandinavian journal 

of public health, SAGE Publications Sage UK: London, England, v. 44, n. 8, p. 734–741, 2016. 

RASELLA, D.; AQUINO, R.; SANTOS, C. A.; PAES-SOUSA, R.; BARRETO, M. L. Effect 

of a conditional cash transfer programme on childhood mortality: a nationwide analysis of brazilian 

municipalities. The Lancet, Elsevier, v. 382, n. 9886, p. 57–64, 2013.  

RAWLINGS, L. B.; SCHADY, N. R. Impact evaluation of social funds: An Introduction. The 

World Bank Economic Review, v. 16, n.2, p. 213-217, 2002. 

RAWLINGS, L.; SHERBURNE-BENZ, L. D.; VAN DOMELEN, J. Evaluating social funds: 

A cross-country analysis of community investments. World Bank Publications, 2004. 

SANT’ANNA, P. H.; ZHAO, J. Doubly robust difference-in-differences estimators. Journal of 

Econometrics, Elsevier, v. 219, n. 1, p. 101–122, 2020.  



XXVII Encontro Regional de Economia – ANPEC/BNB 2022 

 

23 

 

SANTOS, E. de P.; BUENO, N. P. O efeito dos fundos estaduais de combate à pobreza sobre a 

desigualdade de renda dos estados brasileiros: 2003–2014. Economia & Região, v. 9, n. 1, p. 21–38, 

2021. 

SILVA, E. S. d. A. d.; PAES, N. A. Programa bolsa família e a redução da mortalidade infantil 

nos municípios do semiárido brasileiro. Ciência & Saúde Coletiva, SciELO Brasil, v. 24, p. 623–630, 

2019. 

SILVA, V. H. M. C.; MARIANO, F. Z.; CAMPÊLO, G. L.; FRANÇA, N. C. d.; FRANÇA, J. 

M. S. d.; FIRMIANO, M. R. Avaliação de políticas de combate à pobreza no brasil: aplicação do método 

de controle sintético generalizado para o fecop no Ceará. Nova Economia, SciELO Brasil, v. 31, p. 273–

302, 2021. 

 SINGH, G. K.; DAUS, G. P.; ALLENDER, M.; RAMEY, C. T.; MARTIN, E. K.; PERRY, C.; 

REYES, A. A. D. L.; VEDAMUTHU, I. P. Social determinants of health in the United States: addressing 

major health inequality trends for the nation, 1935-2016. International Journal of MCH and AIDS, 

Global Health and Education Projects, Inc., v. 6, n. 2, p. 139, 2017. 

SOUSA, T. R. V.; FILHO, P. A. M. L. Análise por dados em painel do status de saúde no nor-

deste brasileiro. Revista de Saúde Pública, SciELO Brasil, v. 42, p. 796–804, 2008.  

SOUZA, L. J. S. de; JUNIOR, M. S. R.; MOREIRA, A. F. Histórico de arrecadação e de aplica-

ção dos recursos do fundo estadual de combate à pobreza do estado do Ceará–fecope. Revista Controle: 

Doutrinas e artigos, Tribunal de Contas do Ceará, v. 15, n. 2, p. 160–184, 2017. 

SUN, L.; ABRAHAM, S. Estimating dynamic treatment effects in event studies with heteroge-

neous treatment effects. Journal of Econometrics, Elsevier, v. 225, n. 2, p. 175–199, 2021.  

TAYLOR-ROBINSON, D.; LAI, E. T.; WICKHAM, S.; ROSE, T.; NORMAN, P.; BAMBRA, 

C.; WHITEHEAD, M.; BARR, B. Assessing the impact of rising child poverty on the unprecedented 

rise in infant mortality in England, 2000–2017: time trend analysis. BMJ open, British Medical Jour-

nal Publishing Group, v. 9, n. 10, p. e029424, 2019. 

TEIXEIRA, A.; VENTER, Z. Is macroprudential policy driving savings? In: Research in Eco-

nomics and Mathematics: Lisboa, 2021. (REM Working Paper nº 0181).  

VAN DOMELEN, J. Social funds: evidence on targeting, impacts and sustainability. Journal 

of International Development, Wiley Online Library, v. 14, n. 5, p. 627–642, 2002. 

VANDERLEI, Lygia Carmen de Moraes et al. Avaliação de preditores do óbito neonatal em 

uma série histórica de nascidos vivos no Nordeste brasileiro. Revista Brasileira de Saúde Materno 

Infantil, v. 10, n. 4, p. 449-458, 2010. 

VILANOVA, Cássia Simeão et al. The relationship between the different low birth weight strata 

of newborns with infant mortality and the influence of the main health determinants in the extreme south 

of Brazil. Population health metrics, v. 17, n. 1, p. 1-12, 2019. 

WHITE, H. Social funds: a review of the issues. Journal of International Development, Wiley 

Periodicals Inc., v. 14, n. 5, p. 605, 2002. 


